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ABSTRACT 

OPTIMISING AEROBIC CAPACITY AND STRENGTH IN MEN AGED 70-80 

YRS: THE INTERACTION OF TRAINING AND ANABOLIC HORMONES 

The purpose of the present study was to: 

1. To investigate the effects of sixteen weeks of training (aerobic/resistance) 

and four weeks of detraining on the cardiovascular system of men aged 70-

80 yrs. 

2. To investigate the effects of sixteen weeks of training (aerobic/resistance) 

and four weeks of detraining on the musculoskeletal system of men aged 

70-80 yrs. 

3. To investigate the effects of sixteen weeks of training (aerobic/resistance) 

and four weeks of detraining on resting anabolic hormones and the 

hormonal response to exercise in men aged 70-80 yrs. 

Method%gy 

Thirty-two previously sedentary men aged 70-80 yrs volunteered to participate in 

the study. Each subject completed a medical history questionnaire, underwent a 

detailed medical examination and completed an incremental execise test to 

volitional fatigue on a cycle ergometer. Pre-training tests included body 

composition by dual-energy X-ray absorptiometry (DEXA), muscular strength, 

muscular power and rate of force development (RFD), peak oxygen consumption 

(V0 2 peak) and peak cardiac output (apeak). During a 30 min sub-maximum 

cycle exercise test (10 mins @40W, 50% and 70% V02 peak)a, V02 , heart rate 

(HR), stroke volume (SV) and blood pressure (BP) were measured after each 10 

mins of work, pre-training, after 16 wk training and after four wk detraining. The 

anabolic hormones growth hormone (GH), insulin-like growth factor 1 (IGF-1), 
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testosterone, sex-hormone binding globulin (SHBG), and free testosterone were 

measured before and after the 30 min sub-maximum cycle exercise test, pre

training, after sixteen wk training and after four wk detraining. Muscular strength 

and V02 peak were measured every four wk of training. Body compostion and 

muscular power and RFD were measured pre-training, after sixteen wk training 

and after 4 wk detraining. After the initial testing, subjects were randomly allocated 

to a resistance training group or an aerobic training group or a control group. A 

repeated measures ANOVA was used to determine differences within groups and 

between groups before training, after sixteen wk training and after four wk of 

detraining. Where significant results were noted, a Bonferroni post hoc test was 

used to determine the significant difference between the groups. The level of 

significance was set at P< 0.05 

The resistance training programme for the first two weeks of training consisted of 

three sessions per week with an intensity of three sets of eight repeittions at 50% 

of 1 repetition maximum (1 RM). For weeks three to sixteen, the intensity was 

increased to three sets of six to ten repetitions at 70-80% 1 RM. 

The aerobic training programme for the first two weeks of training consisted of 

three 45 minute sessions per week on a cycle ergometer at an intensity of 50% 

peak oxygen consumption (V02 peak). For weeks three to sixteen, the intensity 

was increased to 70% V02 peak. 

The control group were advised to maintain their normal daily routines and eating 

habits and to refrain from beginning any new exercise programme. 
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Results 

Resistance training group 

All data are reported as mean ± SEM. There was no significant change in body 

mass, percent body fat and abdominal fat after 16 wk training. After 16 wk 

training, leg lean mass (LLM) significantly increased (7.2 ± 1.1%) and remained 

significantly higher than pre-training values after 4 wk detraining. Muscular 

strength increased significantly every 4 wk during the sixteen wk of resistance 

training (95 ± 0.6%). Muscular strength remained significantly above pre-training 

values (7.7 ± 2.3%) after 4 wk detraining. The RFD (14 ± 2%), maximum bilateral 

isometric force (MBIF) (25 ± 4%) and force in 50 Oms (F50om,) (22 ± 5%) increased 

significantly after 16 wk resistance training and all remained significantly higher 

than pre-training values after 4 wk detraining. Peak oxygen consumption 

significantly increased (8 ± 0.8%) after 16 wk training but returned to pre-training 

values after 4 wk detraining. There was no significant change in Q peak after 16 

wk training or 4 wk of detraining. During sub-maximum exercise at 40W, heart 

rate, systolic blood pressure (SBP) and rate pressure product (RPP) were 

significantly lower after 16 wk training and after 4 wk detraining. At 50% V02 

peak, heart rate was significantly lower after 16 wk training and after 4 wk of 

detraining. At 70% V02 peak, V02 and arterio-venous oxygen difference (a- V02 

diff) were significantly higher after 16 wk training. There were no significant 

differences in plasma blood lactate concentration at 40 Watts, 50% and 70% 

V02 peak after 16 wk training and 4 wk detraining. There were no significant 

changes in resting GH, IGF-1, testosterone, SHBG and free testosterone 

concentrations after 16 wk training and after 4 wk detraining. After 30 minutes of 

sub-maximum cycle exercise plasma concentrations of testosterone and free 

testosterone were significantly higher compared to pre-exercise values. The 

increase in plasma testosterone and free testosterone concentrations following 

30 minutes of sub-maximum exercise was significantly higher after 16 wk training 

but returned to pre-training values after 4 wk detraining. 
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Aerobic training group 

There was a significant decrease in body mass, percent body fat and abdominal 

fat (9.9 ± 2.1%) after 16 weeks training. Percent body fat and abdominal fat 

returned to pre-training values after 4 wk detraining. Leg lean mass was 

significantly higher (3.8 ± 1.6%) after 16 wk training with LLM returning to pre

training values after 4 wk detraining. After 16 weeks training, muscular strength 

significantly increased (21 ± 1.3%) but returned to pre-training values after 4 wk 

detraining. There was a significant increase in MBIF and Fsooms (12 ± 5% and 9 ± 

6% respectively) after 16 wk training with both values returning to pre-training 

values after 4 wk detraining. Peak oxygen consumption significantly increased 

every four weeks during the sixteen weeks of training resulting in a 17 ± 1.8% 

increase in V02 peak. V0 2 peak remained significantly above pre-training 

values (5.0 ± 2.9%) after 4 wk detraining. There was a significant increase in Q 

peak after 16 wk training (15.1 ± O.4L.min·') and after 4 wk detraining (14.7 ± 

O.4L· min") compared to pre-training values (13.4 ± O.4L· min"). During sub

maximum exercise at 40W; heart rate, SBP, RPP, mean arterial pressure (MAP), 

and total peripheral resistance (TPR) were significantly lower after 16 wk training 

and after 4 wk detraining. Stroke volume was significantly higher after 16 wk 

training and after 4 wk detraining compared to pre-training. At 50% V02 peak; 

heart rate, SBP, RPP, MAP, TPR and diastolic blood pressure (DBP) were 

significantly lower after 16 wk training and 4 wk of detraining. Stroke volume was 

significantly higher after 16 wk training and 4 wk of detraining compared to pre

training values. At 70% V02 peak, heart rate, DBP, MAP and TPR were 

significantly lower after 16 wk training and 4 wk of detraining. Peak power and 

V0 2 were significantly higher after 16 wk aerobic training compared to after 4 wk 

detraining and pre-training values. Stroke volume was significantly higher after 16 

wk aerobic training and 4 wk of detraining compared to pre-training values. Blood 

lactate concentration was significantly lower at 40 Watts, 50% and 70% V02 

peak after 16 wk training and 4 wk detraining compared to pre-training values. 
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There were no significant changes in resting GH, IGF-1, testosterone, SHBG and 

free testosterone concentrations after 16 wk training and 4 wk detraining. After 30 

minutes of sub-maximum cycle exercise testosterone and free testosterone 

concentrations were significantly higher compared to pre-exercise values. There 

was no significant difference in the increase in testosterone and free testosterone 

concentrations after 16 wk training and 4 wk detraining compared to pre-training 

values. 

Conclusions 

(i) Only aerobic training for 16 wk resulted in a significant decrease in 

percent body fat and abdominal fat, however after 4 wk detraining 

percent body fat and abdominal fat returned to pre-training values. 

Resistance training and aerobic training for 16 wk resulted in significant 

increases in leg lean mass (LLM) with the increase in LLM significantly 

greater in the resistance training group than the aerobic training group. 

In the resistance training group LLM remained above pre-training 

values after 4 wk detraining. 

(ii) Muscular strength significantly increased in the resistance and aerobic 

training groups after 16 wk of training. The increase in muscular 

strength in the resistance training group was significantly higher than 

the aerobic training group. After 4 wk detraining, muscular strength 

remained significantly above pre-training values in the resistance 

training group but returned to pre-training values in the aerobic training 

group. 
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(iii) Resistance training for 16 wk resulted in significant increases in 

muscular power and RFD which remained above pre-training values 

after 4 wk detraining. Aerobic training resulted in significant increases 

in muscular power which returned to pre-training values after 4 wk 

detraining. 

(iv) After 16 wk training, V0 2 peak significantly increased in the resistance 

and aerobic training groups with the increase in V02 peak in the 

aerobic training group significantly higher than in the resistance training 

group. After 4 wk detraining, V02 peak in the aerobic training group 

remained significantly above pre-training values while in the resistance 

training group, V02 peak returned to pre-training values. 

(v) Peak cardiac output significantly increased after 16 wk of aerobic 

training and remained significantly higher than pre-training values 

following 4 wk detraining. There was no signifcant change in peak 

cardiac output with resistance training. 

(vi) Sub-maximum exercise 

• At 40W, resistance training resulted in significantly lower heart 

rate, SBP, RPP after 16 wk training and after 4 wk detraining. At 

50% V02 peak, heart rate was significantly lower after 16 wk 

training and after 4 wk of detraining. At 70% V02 peak, V02 and 

a- V O2 diff were significantly higher after 16 wk training. There 

were no significant differences in blood lactate concentration at 40 

Watts, 50% and 70% V02 peak after 16 weeks training and 4 wk 

detraining. 
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• At 40W, aerobic training resulted in significantly lower heart rate, 

SBP, RPP, MAP, and TPR after 16 wk training and after 4 wk 

detraining. Stroke volume was significantly higher after 16 wk 

training and after 4 wk detraining. At 50% V02 peak, heart rate, 

SBP, RPP, MAP, TPR and DBP were significantly lower after 16 

wk training and after 4 wk of detraining. Stroke volume was 

significantly higher after 16 wk training and 4 wk of detraining. At 

70% V02 peak, heart rate, DBP, MAP and TPR were significantly 

lower after 16 wk training and 4 wk of detraining. Peak power and 

V02 were significantly higher after 16 wk aerobic training 

compared to after 4 wk detraining and pre-training values. Stroke 

volume was significantly higher after 16 wk aerobic training and 

after 4 wk of detraining. Blood lactate concentration was 

significantly lower at 40 Watts, 50% and 70% V02 peak after 16 

wk training and after 4 wk detraining. 

(vii) In the resistance training and aerobic training groups there were no 

significant changes in resting GH, IGF-1, testosterone, SHBG and free 

testosterone concentrations after 16 wk training and after 4 wk 

detraining. After 30 minutes of sub-maximum cycle exercise in the 

aerobic and resistance training groups, testosterone and free 

testosterone concentrations were significantly higher than pre sub

maximum cycle exercise concentrations. In the resistance training 

group the increase in testosterone and free testosterone concentrations 

after 30 minutes of sub-maximum cycle exercise was significantly 

higher after 16 wk training returning to pre-training concentrations after 

4 wk detraining. 

Overall the present study offers compelling evidence for an increased focus on 

resistance training as a therapeutic intervention for men aged 70-80 yrs. 
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GENERAL NAVIGATION OF THE THESIS 

Given the complexity of the experimental design, particular attention has been 

given to the use of headings and sub-headings to assist the reader to clearly and 

easily identify the physiological responses within a given experimental condition. In 

the present study the effect of sixteen weeks of exercise training was examined in 

untrained men aged 70-80 yrs. The men were randomly allocated into three 

groups: a resistance training group, an aerobic training group and a control group. 

After the sixteen weeks of training, the effect of four weeks detraining was then 

examined. 

To assist the reader's navigation of the thesis, the Methods, Results and 

Discussion are divided into separate sub-sections. For each sUb-section the text is 

presented in the same order: 

• Subject characteristics 

• The musculoskeletal system 

o body composition 

o muscular strength 

o muscular power 

• The cardiovascular system 

o peak oxygen consumption 

o cardiac output 

o sub-maximum cycle exercise and lactate concentrations 

o anabolic hormones 
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Chapter 1 

INTRODUCTION 

BACKGROUND 

"Generally speaking all paris of the body that have 

function, if used in moderation and exercised in 

labours to which each is accustomed become 

healthy and well developed and age slowly. But if 

unused and left idle become liable to disease, 

defective in growth and age quickly." 

Hippocrates (370 Be) 

For the first time in the history of humanity, large numbers of people are surviving 

to an older age (16). The increase in longevity is a process that is now occurring in 

most developed countries. There are two main factors that may explain these 

population changes. Firstly, high birth rates before 1930 has lead to the present 

increase in numbers of older individuals, while higher birth-rates between 1946 and 

1956 (the "baby boomers") has resulted in a large cohort of individuals reaching 60 

years of age. The second factor responsible for the rise in the number of older 

individuals is the increase in life expectancy. 

Life expectancy is the average amount of time of life remaining for a definite 

population with the same birth date (515). In Australia, as in many developed 

countries, the average life expectancy has risen during the 20lh century. In the 

early part of the 20th century increases in life expectancy were the result of declines 

in infant and maternal mortality, in particular, a reduction in infectious diseases 

associated with early childhood ego chickenpox, rubella (151). During the 1940's 

and 1950's the gains in life expectancy slowed due to the epidemics of 

cardiovascular disease and tobacco-caused lung cancer. However, since the late 

50's and early 60's there has been a marked increase in life expectancy due to the 
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decreased death rates from cardiovascular disease and the increased use of 

advanced medical technology (85). Life expectancy has risen from approximately 

47 years of age in the early 1900's to over 80 years of age in the 2000's where the 

major causes of death and disability are chronic diseases such as coronary artery 

disease, stroke, diabetes, cancer, osteoporosis and arthritis (99). 

The delayed mortality seen among persons aged 65 years and over has led to 

substantial growth in both the relative and absolute size of the older population. For 

example, in 1986 9% of the Australian population (1.3 million) were over the aged 

of 65. By 1996 the older population (+ 65 yr) had increased to 12% (2.2 million) 

and by 2016 is projected to increase to 3.5 million people (145). The very old (80+ 

years) is the fastest growing population cohort. The number of older people in 

Australia over the age of 80 years has increased from, 17% (218,000) in 1976 to 

22% (484,400) in 1996, and is expected to increase to 25% (852,100) by 2016 

(145). The increase in people over the age of 65 is not limited to developed 

countries but is a worldwide phenomenon (337). In 1985 there were estimated to 

be 290 million people aged 65 years and over throughout the world. By the year 

2005/6, this number is expected to increase to 420 million people (82) and then 

double by 2025 to over 820 million (337). 

The increasing size and proportion of the older population has important 

implications on governrnent health budgets and health care systems. In the United 

States and Australia, adults over the age of 65 years represent approximately 

12.7% of the total population and account for 38% of the total expenditure on 

health care services. These health care costs are expected to rise to 52% of total 

expenditure on health care services by the year 2051 (87, 291). With advancing 

age average health expenditure per person rises sharply. Average allocatable 

health expenditure per person in 2000-01 was $5,509 for 65-74 year olds, $8,895 

for 75-84 year olds, and $15,690 for people aged 85 and over, compared with 

$1,807 for persons aged less than 65 years (16). The increase in health costs per 

person over the age of 65 years is due to increased expenditure on hospital care 
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(4.7 times higher), pharmaceutical's (3.4 times higher), medical services (2.4 times 

higher) and other health services (2.0 times higher) (145) 

The decline in mortality and the increase in life expectancy in the latter part of the 

20th century have mainly been a result of the reduction in the number of deaths 

caused by infectious and parasitic diseases. The impact the increase in the older 

population has on the rate of morbidity and disability is becoming increasingly 

clear. Fries et al. (2003) suggests that improvements in health and medical care 

have delayed the onset of illness and resulted in a "compression of morbidity" into 

an age range closer to the biological limit of life. Others (242, 537) have suggested 

that increased longevity has resulted in an increase in the number of older men 

and women who are frail and suffer from chronic diseases resulting in an increase 

in the number of older persons with a disability. While there is no consensus as to 

whether "compression of morbidity" takes place within an aging population, the 

total number of older individuals with a disability is increasing as the population 

ages. Forty nine percent of people in Australia between the age of 65-69 years 

have a disability increasing to over 84 % for those individuals aged 85 years and 

older (239, 568). Studies show that over 50% of people over 70 years of age have 

two or more diseases and the comorbidity increases with age (63, 181). Three of 

the major disabilities for those individuals over the age of 65 years were related to 

physical conditions such as arthritis (22%), stroke and other cardiovascular 

diseases (21%) and other musculoskeletal problems (17%) (16). 

The chronic diseases thought to be inevitable in old age are now increasingly 

regarded as preventable, postponable, or ameliorable (for review DiPietro 2001). 

Physical activity is being increasingly recognised as one strategy by which older 

individuals may prevent or retard age-associated morbidity and mortality (104). A 

recent statement from the United States Centres for Disease Control and 

Prevention highlights the importance of physical activity in reducing morbidity and 

mortality. 
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Physical activity is the crux of successful aging. 

Nowhere is the gap wider between what we know and 

what we do than in the area of physical activity, and 

nowhere is the potential pay-off greater. (291) 

Older persons who are physically active have substantially reduced risk of 

coronary heart disease (513) and decreased risk of colon cancer (417), diabetes 

and high blood pressure (228), dementia and other cognitive impairments (for 

review see Cotman et al. 2002). Regular physical activity also helps older people 

reduce their risk of falls, maintain muscular strength, joint mobility and a healthy 

body weight (478). Paffenbarger et al. (1986) found that mortality rates were 25% 

to 30% lower in those participants who expended at least 2000 calories a week 

during exercises such as walking, stair climbing or playing sport. If individuals 

remained active throughout their life, their mortality rate were lower than sedentary 

individuals. If active individuals became sedentary, their mortality rate increased 

(381). The benefits of exercise and physical activity are ongoing and exercise must 

be maintained throughout the lifespan if such health benefits are to be retained. 

Paffenbarger et al. (1994) found that disability levels were lower in those 

individuals who exercised regularly and importantly the onset of disability was 

delayed by approximately 15 years in those who exercised regularly when 

compared to age-matched sedentary individuals. Data increasingly suggests that 

regular physical activity may increase the age of onset of chronic disability and 

shorten the time between the onset of morbidity and death (97, 382). The 

"compression of morbidity" as a result of regular physical activity would represent a 

significant improvement in the quality of life of older individuals while potentially 

achieving reductions in the costs of health services and the medical conditions that 

occur in older individuals (381). Despite the increasing evidence base that exercise 

is cardio-protective (406), musculo-protective (478) and neuro-protective (322) 

further research is required to advance our knowledge of the adaptive mechanisms 

involved, the rate of adaptation that occurs with regular exercise and the rate of 
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decay when regular exercise is stopped. How regular exercise influences the 

normal process of aging is not clear but it has been suggested (478) that the health 

conditions typically associated with aging, also appear with physical inactivity, 

raising the intriguing suggestion that those conditions so typically associated with 

aging could in large part be due to the lack of physical activity. Nowhere is the link 

between aging and physical inactivity better demonstrated than with master's 

athletes, where a high level of cardiovascular and musculoskeletal health is 

maintained in the older athlete (331). However further research is needed to 

determine which mode of exercise, or interaction of intensity, frequency and 

duration can offer significant protection from disability and disease in older 

individuals. 

Therefore, the present thesis sought to determine whether resistance training or 

aerobic training would provide the optimal mode of exercise to confer significant 

'health and lor performance' benefits to the older individual. 

5 



AGING 

What is Aging? 

At the most basic level, aging can be defined as a function of chronological age, 

which is simply "the passage of time" since birth. Chronological aging is only an 

approximate measure of the development or changes within an individual. The 

process of aging is complex and influenced by a variety of factors ego physiological, 

psychological, social and cultural factors, which affect the rate and type of aging 

(347). Physiological aging is the relationship between physiological maturation and 

deterioration and is reflected in an individual's ability to adapt and perform specific 

physical, cognitive and social tasks (339, 347). A recent theory suggests that the 

biological determinants of human aging lie in the fact that our cell maintenance and 

repair systems evolved when human life expectancy was only half what it is today 

(281). The theory predicts that ageing results from a gradual accumulation of faults 

in the cells and tissues of the body and that there is no single mechanism 

responsible for aging. It is the weak links in the network of cellular defence 

mechanisms that may predispose us to specific age related disorders (280) 

Rowe and Kahn (1987) suggest two distinct types of aging, (1) Usual and (2) 

Successful Aging (444). Usual aging refers to the typical physiological changes 

observed as an individual ages, while successful aging is a process that results in 

showing minimal physiological change with aging. While usual aging has intrinsic 

(i.e. genetic) and extrinsic (i.e. environmental) components, studies have found that 

successful aging was determined more by lifestyle choices than intrinsic 

components (281, 445). Rowe and Kahn (1998) determined that successful aging 

is primarily dependent on the ability to maintain three key characteristics; low risk 

of disease and disease related disability, physical and high mental function and 

active engagement in life. 
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Quality of Life and Aging 

Aging is often associated with a number of physical and psychological disabilities 

that decreases an individual's active life expectancy. Active life expectancy refers 

to the number of remaining years of life that an individual can expect to be able to 

conduct the basic activities of daily living (BADL) (273). The average older person 

(65+yrs) spends approximately 12 years with some form of disability that may 

reduce their ability to perform BADL. Consequently there is deterioration in the 

quality of life for such individuals (493). A reduction in the quality of life can lead to 

an "expansion of morbidity" and is associated with increases in the cost of social 

and medical programs. To minimise the increase in cost of social and medical 

programs, a clear understanding of what constitutes "quality of life" in older 

individuals is needed. While there is no consensus on a definition of "quality of 

life", there is considerable agreement among experts that "quality of life" 

encompasses social and psychological well-being as well as an individuals health 

status (40). The World Health Organization defines the quality of life as " .... an 

individual's perception of their position in life in the context of the culture and value 

systems in which they live and in relation to their goals, expectations, standards 

and concerns. It is a broad ranging concept affected in a complex way by the 

person's physical health, psychological state, level of independence, social 

relationships, personal beliefs and their relationship to salient features of the 

environment" (303). Eleven components have been suggested to contribute 

towards "quality of life" in older individuals (Figure 1). The health and fitness 

component (Figure 1), which includes health, physical function, energy and vitality, 

contributes significantly to the quality of life for older individuals. The cognitive and 

emotional, social and recreational components are also significantly influenced by 

the health and fitness component. An example of the importance of the health and 

fitness component for the quality of life is the ability to be physically mobile i.e., to 

have the capability of movement. Mobility has been identified as the most 

important functional ability that determines the degree of independence and health 
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care requirements among the older population (234, 332). The psychological 

consequences of impaired mobility impact on an individuals self-concept and self

esteem (234) leading to an increase in depressive symptoms. Immobilisation to a 

confined area results in reduced sensory input and resultant behaviours of 

listlessness, withdrawal, irritability, and anxiety (209, 214, 308). Social and 

economic consequences of impaired mobility can lead to decreased contact with 

others, a change in social roles (234) and an increase in the health care services 

for older persons (87). Impaired mobility and immobilisation are significant threats 

to the overall health and quality of life of older individuals. Evidence now suggests 

that increased levels of physical activity and exercise are effective therapeutic 

strategies to improve mobility and the quality of life in older individuals (53, 87, 279, 

478). 

CognHlve and emollonal 

SOcIal and recreallonal 

Figure 1. Factors affecting the quality of Iife.(493) 
8 



i1 

PHYSICAL ACTIVITY AND AGING 

Benefits of Physical Activity 

The role of physical activity in the aging process has interested humans as early as 

3000 B.C where ancient scholars attempted to explain how physical activity might 

influence life expectancy (161). Hippocrates was the first to suggest that regular 

exercise might retard the aging process (161). Despite these early concepts on 

exercise and aging, the relationship between exercise and aging in contemporary 

Western societies is typically inverse. That is, as we age we tend to do less 

exercise. The reduction in exercise may be due to cultural values associated with 

aging such as "slow down", "act your age" or "take it easy". Until recently, the 

decline in physical activity and subsequent increase in disease and disability was 

thought to be due to physiological changes that were associated with the normal 

aging process. Substantial evidence indicates that regular physical activity can lead 

to improvements in the health and quality of life of older individuals (for review see 

Singh 2002). Cross-sectional and longitudinal studies have found that increasing 

amounts of regular physical activity are associated with decreased rnortality (228) 

and morbidity, with an improvernent in quality of life (4). The improvements 

associated with increased physical activity include a reduction in syrnptoms of 

coronary heart disease (555), cancer (164), osteoporosis (372), diabetes (224), 

obesity (164), sarcopenia (363) and other age-associated diseases (434). While 

the benefits of physical activity are clear, the number of older people participating 

in regular physical activity is low (25). In Australia, over 55% of people over the age 

of 60 years are not regarded as sufficiently active to maintain their general health, 

with rates of inactivity increasing with age (25). Among the five major health risk 

factors in older adults (physical inactivity, smoking, overweight, poor nutrition and 

drinking and driving) physical inactivity is the only health risk factor that increases 

with age (268). Physical inactivity in Australia contributes to the risk of over 700.0 

deaths per year for people over the age of 70 years with most of these deaths 
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potentially avoidable if the sedentary individuals became moderately physically 

active (496). 

The increased morbidity and disability associated with physical inactivity is 

responsible for higher health care costs in older individuals (16). In 1999 the direct 

health care cost attributed to physical inactivity was over $377 million due primarily 

to increased hospitalisations, physician visits, and prescription medications. As a 

result and accounting for medical costs that might be related to participation in 

physical activity, the annual direct health costs are on average $330 per person 

higher for those who are physically inactive (409, 496) 

The Commonwealth Department of Health and Aged Care and American College 

of Sports Medicine recommends that 30 minutes of moderate physical activity 

(such as brisk walking) on most, if not all, days of the week is beneficial for health 

and well being (4, 15). The United States Surgeon General's report on physical 

activity and health, reports that greater health benefits can be obtained by 

engaging in physical activity of more vigorous intensity or of longer duration (162). 

The Surgeon General's report and other investigations examining the health 

benefits derived from physical activity have found that there is a dose-response 

relationship between physical activity and disease prevention (284, 378, 514). 

That is, the number of episodes of activity recommended for health depends on the 

intensity and/or duration of the activity. A round table discussion by the Canadian 

Centre for Activity and Aging examining the dose-response of physical activity and 

disability/disease prevention concluded, "there is a minimal threshold of required 

intensity, of at least moderate, if not moderately vigorous activity" (384). Thune 

and colleagues (2001) also reported a minimal threshold of at least moderate 

intensity (>4.5 METS) when participation in physical activity reduced the risk of 

colon/colorectal cancer more than light intensity «4.5METS) activities. It is now 

becoming quite clear that physical activity of sufficient intensity, duration and 

frequency can reduce the risk of disease and improve the health of older 

individuals (126, 289, 290, 410) 
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Disuse Syndrome with Aging 

The decline in health and well being with aging was primarily thought to be due to two 

processes. The first process is genetically determined and independent of disease 

or environmental influence. The second process is clinical symptoms as a result of 

environment and disease. However Bortz (1982) described a third process 

associated with decline in health and well being of older individuals as "The Disuse 

Syndrome". Although the three processes are separate from each other, they do 

interact with each other as illustrated in figure 2. 

Aging 
Reduced health and well being 

Disuse 
Reduced physical activity 

Age-related causes 
Genetically determined aging 

Disease 

Figure 2. Interrelationship of aging, disease and sedentary lifestyle on 
the decline of health and well-being with aging. (Adapted from (44)) 
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Bortz (1982) best summed up the effects of disuse on aging when he listed all the 

changes in the human body that are ascribed to aging, and then compiled a 

separate list of changes in the human body due to physical inactivity. The near 

duplication of the two lists demonstrated that many of the changes ascribed to the 

normal aging process may be caused by physical inactivity. A clear effect of 

physical inactivity or disuse on functional capacity can be seen with the loss of 

muscle mass and maximum muscular strength with aging. Several investigations 

have demonstrated that muscle mass and maximum muscular strength decline at 

a rate of approximately 1.5 - 3% per year after 50 years of age (100). Other forms 

of disuse encountered by older individuals are immobilisation and bed rest due to 

injury or disease. The deconditioning caused by bed rest is rapid, severe and 

independent of the primary disease/injury and physically debilitating to patients 

who attempt to return to normal active living (72). Prolonged bed rest causes 

significant declines in the function of the cardiovascular, respiratory, and 

musculoskeletal systems (for review see Topp (2002» and may put older people 

into a state of irreversible functional decline (75, 520). 

In summary, the message behind present research clearly indicates that the 

timeworn colloquial phrase "Use it or lose it" has currency in the aging 

demographics. The challenge for clinicians and health care specialists is to identify 

appropriate and effective methods to restore physical capacity of individuals during 

or after physical inactivity or bed rest. 
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EXERCISE AND THE OLDER POPULATION 

Resistance Training 

Traditionally, aerobic training was the only form of exercise recommended for older 

individuals to help reduce disease and disability and improve their health. It was 

not until the mid-1980's that the medical community began to recognise the 

potential health benefits of resistance training for older individuals. It was a further 

ten years before the major health organisations began to recommended resistance 

training to improve the health and quality of life for older individuals (132, 478). 

Studies in the 1970's and early 1980's (see Table 2) reported 2.9-23% increases in 

muscular strength and hypertrophy in men and women between the ages of 60 

and 70 years after a period (6-15 weeks) of resistance training. The reduced 

capacity of the older individuals compared to younger individuals to increase 

muscular strength and hypertrophy suggested that older individuals may not have 

the capacity to significantly improve muscular strength and hypertrophy in 

response to resistance training (11,312,323,361). An early study by Moritani and 

deVries (1980) compared five younger and five older men after eight-weeks of 

resistance training the elbow flexors. Although the results showed a similar time 

course and percentage increase in muscle strength for both age groups, the 

neuromuscular mechanisms underlying these changes differed with age. The 

authors interpreted the results to indicate that in younger men, neural factors were 

important in the initial stages of training with subsequent contributions to muscular 

strength by muscle hypertrophy, whereas in older men there was no evidence of 

hypertrophy and gains in strength were solely due to neural factors. However, the 

small number of subjects (N=5) used by Moritani and deVries (1980) and others 

(323) may have confounded their reported results. Since those early studies, 

numerous investigations (see Table 1.) have reported that, given an adequate 

resistance training stimulus, older men and women can show significant gains in 

muscular strength and hypertrophy. One of the first studies to report significant 
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increases in muscular strength and hypertrophy in older individuals was conducted 

by Frontera et al. (1988). They found following 12 weeks of resistance training in 

men aged between 60-72 years, knee extensor strength, as measured by 1 RM, 

increased by over 100%. The gains in knee extensor strength were accompanied 

by an 11 % increase in knee extensor muscle cross-sectional area (GSA) as 

determined by computed tomography, and an increase in the GSA of both Type I 

(33%) and Type II (27%) fibres obtained by biopsy from the vastus lateralis muscle. 

The very old (>90 yrs) have also been shown to adapt to resistance training. After 

eight weeks of resistance training, Fiatarone et al. (1990) found a 174 ± 31% 

increase in muscular strength (as measured by 1 RM) and a 9% increase in mid

thigh GSA of the knee extensors. These and other results summarised in Table 2 

indicate significant increases in muscular strength and hypertrophy can be 

achieved in older individuals with appropriate resistance training stimulus. Often 

the increases in muscular strength and hypertrophy are comparable to the 

increases in younger individuals following similar resistance training stimulus (262). 

With regard to resistance training for older individuals however, there are a number 

of issues to be resolved: 

(i) the literature is unclear as to the effect progressive resistance training has on 

the functional capacity of older individuals and whether the resultant 

musculoskeletal changes translate into an improved quality of life, 

(ii) the literature is also unclear as to whether resistance training can increase the 

muscular power of older individuals and 

(iii) further research is needed to understand the interrelationships between 

training-induced strength and power and circulating levels of anabolic hormones 

and their time course of adaptations. 
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Detraining 

The effect of detraining on muscular strength and GSA after a period of resistance 

training in previously sedentary older individuals is not well understood. Detraining 

in younger men (20-34 yrs) for periods of 7-12 weeks is characterised by 

significant reductions in muscular strength and GSA (196, 371). In the few studies 

that have investigated the detraining response following resistance training in older 

men similar reductions in muscular strength and GSA have been reported (195, 

317, 469). Taaffe and Marcus (1997) examined the detraining response of men 

aged 65-77 years and found no change in muscular strength occurred between 

weeks two and eight of detraining. After 12 weeks of detraining, the older men had 

retained 70% of their muscular strength gained from resistance training but the 

GSA of Type I and Type" fibres had returned to pre-training levels. Unfortunately 

no functional activities were performed before or after the detraining period to 

determine if gains in functional ability were maintained or lost during the detraining 

period. In a later study Ivey and colleagues (2000) examined the effect of nine 

weeks of unilateral knee extensions and 31 weeks of detraining in 10 young (20-30 

yrs) and 12 older men (65-75 yrs). Muscular strength and GSA of the quadriceps 

muscle significantly (p< 0.05) increased in the young (21.6% and 10.8% 

respectively) and older men (20.9% and 10.3% respectively). After 12 weeks of 

detraining muscular strength was not significantly different from values after nine 

weeks of resistance training (muscle GSA was not measured after 12 weeks 

detraining) for both the young and older men. After 31 weeks of detraining 

muscular strength of the younger and older men was still significantly (p< 0.05) 

higher than pre-training values but significantly (p< 0.05) below values recorded 

immediately after training. Muscle GSA was significantly (p< 0.05) higher than pre

training values in the young group after 31 weeks of detraining but had returned to 

pre-training values in the older men. These findings are similar to the study by 

Taaffe and Marcus (1997) where muscular strength gains were significantly above 

pre-training values after a period of detraining (12 wk) despite muscle GSA 
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returning to pre-training values. This would suggest neuromuscular factors playa 

major role in maintaining muscular strength levels in older men after a period of 

detraining. Furthermore it would appear from the study by Ivey and colleagues 

(2000) that after a period of detraining older men lose the gains in muscle GSA 

more quickly than younger men. The authors were unable to explain why the older 

men had lost all gains in muscle GSA when the younger men had significantly 

higher muscle GSA after the 31 weeks of detraining compared to pre-training 

values. The loss in muscle GSA in the older individuals may have been due to 

reduced physical activity patterns and increased medical problems associated with 

aging thereby reducing their stimulus to maintain muscle GSA (521). 

For individuals who exercise, regardless of age, periods of training cessation 

(detraining) or inactivity may be anticipated, however periods of inactivity are more 

prevalent in older adults because of illness, hospitalization, and limited periods of 

disability. The question arises to what degree older adults retain muscle strength 

and mass with training cessation. To increase our knowledge and understanding of 

the effect of short term dertaining on older men, the present study examined the 

effects of four weeks detraining on older previously untrained men after 16 weeks 

of resistance training. In addition we also attempted to determine what effect the 

detraining period has on the functional capacity of the older men. This is of 

considerable importance, as many older individuals, especially the very old, live 

near thresholds of physical ability for activities of daily living. 
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Table 1. Effect of resistance training on eercent increase in muscle stren~th and cross-sectional area (CSAl of older individuals 
Study Gender N Age Muscle Type of Intensity Volume Duration % increase % increase in 

(years) training (sets x rees x freg) (Weeks) inCSA muscle strength 

Liemohn (1975) M 6 61-70 Knee Isokinetic High 3 days per week 6 NR 17 
extensors 

Moritani & de Vries M 5 70 Elbow fiexors Isotonic High 3 days per week 8 NR 23 
(1980) 
Aniansson & Gustafsson M 12 71 Knee Isokinetic 1 Low 3 days per week 12 NR 9-22 
(1981) extensors Isotonic 
Larsson (1982) M 18 22-65 Knee Isotonic Low 2 x 20 x 3 15 Type 1(39%) 2.9-7.5 (NS) 

extensors Type II (52%) 
Kauffman (1985) F 10 69 Abductor Isokinetic High 1 x 20 x 3 6 NR 72 

digiti minimi 
Frontera et al.. (1988) M 12 60-72 Knee Isotonic 80% of 1RM 3x8x3 12 11 107 

extensors 
Hagberg et al.. (1989) M/F 19 70-79 Whole body Isotonic Mod to High 1x8-12x3 26 NR 9-18 

Fiatarone et al .. (1990) M/F 10 90 Knee Isotonic 80% of 1RM 3x8x3 8 9 174 
extensors 

Brown et al.. (1990) M 14 63 Elbow fiexors Isotonic 50-90% of 1 RM 2-4 x 10 x 3 12 17 48 

Charette et al .. (1991) F 13 69 Knee Isotonic 65-75% of 1RM 3-6x6x3 12 Type 1120% 60 
extensors 

Grimby et al .. (1992) M 9 81 Knee Isokinetic 30-60-1800 /s 6 x 2-8 x 2-3 9 2.8 10-19 
extensors 

Rice et al.. (1993) M 10 65-78 Elbow Isotonic 80% of 1RM 4x6-8x3 24 8.6 (NS) 30 
extensors 

Menkes et al.. (1993) M 13 60 Knee Isotonic 60-90% of 1 RM 2 x 15 x 3 16 8 41 
extensors 

Pyka et al .. (1994) M/F 13 68 Whole body Isotonic 75% of 1RM 3 x 8 x 3 52 Type I (58%) 30-97 
Type II (66%) 

Treuth et al.. (1994) M 13 60 Whole body Isotonic 60-90% of 1 RM 1-2 x 8-15 x3 16 6.8 40 
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Table 1 (cont). Effect of resistance training on 8ercent increase in muscle strength and cross-sectional area ICSA) of older individuals 
Study Gender N Age Muscle Type of Intensity Volume Duration % increase % increase in 

(years) training (sets x reps x freg) (Weeks) inCSA muscle strength 
- -

McCartney et al.. (1995) M 22 60-70 Whole body Isotonic 50-S0% of 1 RM 2-3 x 10-12 x 2 40 7.3 20-65 
M 17 70-S0 Whole body Isotonic 50-S0% of 1 RM 2-3 x 10-12 x 2 40 6 20-65 

Taaffe et al.. (1996) F 7 65-79 Knee Isotonic SO% of 1RM 2x7x3 52 Type I (27%) 59 
extensors Type II (22%) 

Welsh et al.. (1996) M/F 9 71 Knee Isometric 70% ofMVC 4 x 15 x 3 24 4.5 50 
extensors 

Taaffe et al. .(1997) M 11 65-77 Whole body Isotonic 75% of 1RM 3xSx3 12 Type I (17%) 26-S4 
Type II (26%) 

Hakkinen et al.. (199S) M 11 72 Whole body Isotonic 50-S0% of 1 RM 3-5x3-15x2 24 2 21 

Sermon et al.. (199S) M/F 32 67-S0 Knee Isotonic SO% of 1RM 3xSx3 S 0 is 
extensors 

Kraemer et al.. (1999) M 9 62 Knee Isotonic 3-15RM 3x3-15x3 10 5.9 15 
extensors 

Harridge et al. .(1999) M/F 11 S5-97 Knee Isotonic SO% of 1RM 3xSx3 12 9.S 134 
extensors 

Hagerman et al.. (2000) M 9 60-75 Knee Isotonic S5-90% of 1 RM 3x6-Sx2 16 Type I (45%) 50-S3 
extensors Type II (42%) 

Trappe et al.. (2000) M 7 74 Knee Isotonic SO% of 1RM 3 x 10 x 3 12 Type I (45%) 50 
extensor Type II (2S%) 

Jubrias et al.. (2001) M/F 15 69 Knee Isotonic 60-S5% of 1 RM 3-5x4-15x3 24 10 64 
extensors 

Lange et al.. (2002) M 8 74 Knee Isotonic 70-80% of 1 RM 3-5xS-12x3 12 6.3 65 
extensors 

Ferri et al.. (2003) M 16 68 Knee Isotonic SO% of1 RM 1-2 x 10x3 16 7.4 30 
extensors 

Reeves et al. (2004) M 9 74 Knee Isotonic 80% of5RM 2 x 10 x 3 14 6 19 
extensors 

de Vos et al.. (2005) M/F 28 69 Whole body Isotonic SO% of1 RM 3x8x2 12 NR 20 

NR - Not reported 
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Aerobic Training 

Early investigations examining the effect of aerobic training on cardiorespiratory 

fitness (as measured by V0 2 max) in men over the age of 65 years, reported less 

than 5% improvement in V02 max after a period (4-11 weeks) of aerobic training 

(31,96,374,475). These studies also suggested that older subjects did not adapt 

to aerobic training to the same extent as middle-aged or younger individuals. 

However an insufficient training stimulus may have been responsible for the failure 

of these studies to produce a more substantial improvement in V02 max that now 

characterizes more recent studies (116, 379, 380). 

A consensus from recent reviews (175, 340, 510) and studies (see Table 2.) 

indicates that aerobic training significantly improves V02 max in older subjects, 

with the percent improvement in V0 2 max similar to that found in younger subjects 

(18-35yrs) undertaking similar relative aerobic training protocols. The data from 

Table 2 and guidelines from the American college of Sports Medicine (ACSM) (5) 

suggests that an aerobic training stimulus to produce a significant increase in the 

V0 2 max of older subjects should be an accumulation of 30 min of exercise per 

session at an intensity greater than 30-40% of V02 max for continuous training or 

70-90% of V0 2 max for interval training and a frequency of not less than 2-3 days 

per week. The mode of aerobic exercise should use large muscle groups of the 

legs (e.g., treadmill or cycle ergometer). The mechanism for the increase in V0 2 

max in older individuals appears to be gender specific. Older women primarily 

show a widening of the maximum arteriovenous O2 difference which is responsible 

for the increase in V02 max (491), whereas older men elicit central cardiovascular 

adaptations that contribute to the training-induced increase in V0 2 max (115, 491, 

500). 

The central cardiovascular adaptations of aerobically-trained older men include a 

greater reliance on the Frank-Starling mechanism in the form of an increased left 

ventricular end-diastolic volume to increase their maximum stroke volume, 

maximum cardiac output, and V0 2 max with aerobic training (115, 491, 500). 
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Furthermore Baldi and colleagues (2003) reported that contrary to earlier reports 

(319,490) aerobic training does not improve early diastolic filling. However they did 

report that increased late diastolic filling, a normal compensatory adaptation in 

aged men to increase end-diastolic volume, is augmented by aerobic training (19). 

An expanded plasma and total blood volume may also contribute to the training

induced increase in left ventricular end-diastolic volume, although there is 

conflicting evidence as to whether aerobic training increases plasma volume in 

older men after aerobic training (60, 189, 380). 

Other central cardiovascular adaptations of aerobically-trained older men include 

an improved systolic function as a result of an enhanced inotropic response to 

catecholamines (492). The improved systolic function contributes to the increase in 

ejection fraction seen in older aerobically trained men (46) and also contributes to 

the increased maximum stroke volume (115, 500). Furthermore, arterial stiffness is 

also reported to be lower in older aerobically-trained men (466), possibly reducing 

afterload and helping to increase maximum stroke volume (509). 

20 



ij 

Detraining 

Due to the increased prevalence of illness, hospitalisation, and disability, the older 

individual often encounters periods of "detraining" typically reflected in increased 

periods of physical inactivity, immobilisation and/or bed rest. For the purposes of 

this thesis, detraining refers to the cessation of training with the continuation of 

normal daily activities. While several reviews have examined the consequences of 

physical inactivity and bed rest on changes in maximal oxygen consumption (72, 

367). few studies have examined the effect of detraining on changes in V02 max 

in older previously sedentary men after a period (16 weeks) of aerobic training. 

Fatouros et al. (2004) examined the detraining response of eleven older men (65-

78 yr) after 16 weeks of aerobic training three times per week, walking/jogging at 

50-80% of HR max. Maximal oxygen consumption increased by 20 ± 8.3% after 

the 16 weeks training. However after 16 weeks detraining V02 max had returned 

to pre-training levels (129). Similarly Pickering et al. (1997) found V0 2 max had 

returned to pre-training levels following 16 weeks of detraining after having 

significantly increased V02 max (16 ± 8%) after 16 weeks of aerobic training in 

older men and women aged 62 ± 2 yr. While it appears that the gains in V0 2 max 

achieved by older individuals after 16 weeks training are subsequently lost after a 

similar period of detraining, there are limited data on the reversibility of aerobic 

adapations after short-term (4 weeks) detraining in previously sedentary older men 

(360). 

Short term detraining (less than 4 weeks) in highly trained athletes is characterised 

by a decline in V0 2 max of between 4 and 14%. (368). The decline in V02 max 

observed after short term detraining is the result of a reduced maximum stroke 

volume and cardiac output. The reduction in maximum stroke volume and cardiac 

output is thought to be largely due to a reduced blood volume as a result of a loss 

in both red cell volume and plasma volume (78). Pickering and colleagues (1997) 

found that a reduced plasma volume was associated with a reduction in V0 2 max 

after 16 weeks of detraining in older men and women aged 62 ± 2 yr. Maximal 
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oxygen consumption increased by 16 ± 8% and plasma volume increased by 11 ± 

3% after 16 weeks training but VOz max and plasma volume returned to pre

training levels after the 16 weeks detraining (394). Long term aerobically trained 

men also have significant reductions in VOz max after a period of detraining (163). 

Giada et al. (1998) reported older (50-65 yrs) trained male cyclists (21± 12 years of 

training) significantly reduced their VOz max (43 to 36 ml·kg-1·min-1
) during eight 

weeks of detraining but remained above sedentary controls (23 ml .kg-' .min·' ). The 

reduction in VOz max was the result of a decrease in left ventricular mass and 

end-diastolic diameter and volume. 

While these results indicate that there is a significant reduction in VO z max with 

long-term detraining (> 8 weeks) in older individuals, further investigation is 

required to examine the effect of short-term detraining « 4 weeks) in older 

previously sedentary men. Furthermore a greater understanding is needed to 

determine what effect a reduction in "cardiorespiratory fitness" has on the 

functional capacity of the older person. In an effort to increase our knowledge and 

understanding of the effect of short term dertaining on older men, the present 

study examined the effect of four weeks detraining on older previously untrained 

men after 16 weeks of aerobic training. In addition we also attempted to determine 

what effect the detraining period has on the functional capacity of the older men. 
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Table 2. Effect of aerobic training on percent increase in \;02 max/peak in older individuals 

Study Gender N Age Training Mode Intensity Frequency Duration % increase in 
(yrs) (wk) (day·wk .,) (min) V02 max/peak 

Niinimaa & Shephard M/F 10 65 11 Walk/Run HR125-145 3 10-15 0.5 
(1978) 

9 65 11 Walk/Run HR145-155 3 10-15 10 
Badenhop et al.. M/F 14 66 9 Cycle 30-45% HRma, 3 25 16 
(1983) 14 68 9 Cycle 60-75% HRma, 3 25 15 

Seals et al.. (1984) M/F 11 63 26 Walk 40-50% HRR 3-6 20-30 12 
11 64 26 Walk/Cycle 85% HRR 3-5 45 18 

Yerg et al.. (1985) M/F 11 63 52 Walk/Cycle 40-80% HRma, 3-5 30-45 25 

Schwartz (1988) M/F 10 65 12 Walk/Run 80-85% HRR 3 40 10 

Meredith et al.. (1989) M/F 10 65 12 Cycle 70% HRR 3 45 20 

Hagberg et al.. (1989) M/F 16 72 26 Walk/Run 50-70% \;0 2 max 3 35-45 22 

Steinhaus et al.. M/F 28 55-70 16 Walk/Run 60-70% HRR 3 60 27 
(1990) 
Ehsani et al.. (1991) M 10 64 52 Cycle 60-80% \;0 2 max 4 30-40 27 

Kohrt et al.. (1991) M 53 60-71 39-52 Walk/Run 80% HRmaJ( 4 45 18-21 

Coggan et al.. (1992) M 12 60-70 39-52 Walk/Run 80% HRmaJ( 4 45 29 

Posner et al.. (1992) M/F 166 68 16 Cycle 70% HRmaJ( 3 40 8.5 

Kirwan et al.. (1993) M/F 12 65 39 Walk/Run 80% HRma> 4 45 23 

Levy et al.. (1993) M 13 60-82 26 Walk/Run 60-85% HRR 4-5 45 2 
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Table 2 (cont). Effect of aerobic training on percent increase in V0 2 max/peak in older individuals 

Study Gender N Age Training Mode of Intensity Frequency Duration % increase in 
(yrs) (Wk) exercise (days·wk .,) (min) V02 max/peak 

Poehlman et al.. (1994b) M/F 18 66.1 8 Cycle 65-75% V0 2 max 3 150-300 11 
kcal 

Stratton et al.. (1994) M 13 60-82 26 Walk/Run 50-85 % H Rmax 4-5 45 21 

Carroll et al .. (1995) M/F 29 60-82 26 Walk 75-85% V0 2 max 3 40 11 

Aades et al.. (1996) M/F 60 68 12 Walk/Cycle 85-90% HRmax 4 20-40 16 
Rowing 

Hepple et al.. (1997) M 10 65-74 18 Cycle Anaerobic 3 30 22 
threshold 

Pickering et al.. (1997) M/F 10 62 16 Cycle 50-85% V0 2 max 3 20-35 20 

Jessup et al.. (1998) M/F 11 68 16 Cycle 50-85% V0 2 max 3 60 14 

DiPietro et al.. (1998) M/F 9 73 16 Mini- 55-75% HRmax 4 60 16 
trampoline 

Thomas et al.. (1999) M 11 69 16 Cycle 60-80% HRmax 4 30-60 22 

Pratley et al.. (2000) M 17 65 24-36 Walk/Run 50-85% HRR 3-4 45-60 15 
Cycle 

Skinner et al.. (2001) M 67 50-65 20 Cycle 55-75% V0 2 max 3 30-50 18 

Okazaki et al.. (2002) M 8 64 18 Cycle 50-80% va 2 peak 3 60 20 

Ehsani et al.. (2003) M/F 22 83 12 Cycle/Run 55-75% HRpeak 3 20-60 14 

Gass et al.. (2004) M 16 65-75 12 Cycle 50% V0 2 peak 3 40 9 

Okazaki et al.. (2005) M/F 10 71 52 Walk/Run/ 75-85% H Rmax 3 40-45 16 
Cycle/Swim 
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Chapter 2 

LITERATURE REVIEW 

THE AGING OF THE MUSCULOSKELETAL SYSTEM 

Body Composition and Aging 

Age related changes in body composition have important consequences for the 

nutritional status, functional capacity, and risk of chronic disease in older 

individuals (125, 434). From the ages of 20 to 50 years there is an increase in 

body mass with a gradual decline after the age of 70 yrs (30, 476). Associated with 

the change in body mass, is the decline (20 to 30%) of fat-free mass (FFM) 

between the ages of 30 and 70yr (141,177). The combination of the reduction in 

FFM and increase in fat mass accounts for the primary changes in body mass 

associated with aging. The accumulation of body fat with aging usually follows a 

typical pattern for males, with a large part of the increase in body fat located in the 

abdominal area (286). The percent body fat in males is expected to increase from 

approximately 20% at age 25 yr to 40% at age 80 yr (see Figure 3.). Although 

subcutaneous fat tends to be lost from the limbs with age, there are significant 

increases in the fat mass of central regions of the body such as the abdominal area 

(30). A recent review found that increases in fat mass, especially the central 

regions of the body may be associated with an increase risk of chronic diseases 

and metabolic disorders such as hypercholesterolemia, insulin resistance, 

atherosclerosis, hypertension, and diabetes (393). Associated with the changes in 

fat mass and fat distribution with aging, are changes to muscle mass and muscular 

strength. The decline in muscle mass and muscular strength that occurs with aging 

is frequently referred to as Sarcopenia. Sarcopenia has severe consequences on 

the quality of life of older individuals and can result in an increase in the incidence 
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of fails, muscle injury, and an inability to carry out day to day tasks (245, 434, 458). 

The loss of muscle mass and muscular strength with aging represents a major 

cause of functional decline and disability in older individuals (363). 
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Figure 3. Body composition changes with aging. (18) 

Lexell et al. (1988) using whole vastus lateralis muscle cross-sections, determined 

that the reduction in muscle mass can begin as early as 25 years of age and 

approximately 10% of the muscle mass is lost by the age of 50 yrs. Thereafter, the 

reduction in muscle mass accelerates and by 80 years of age almost half the 

muscle mass has been lost (see Figure 4A). The loss in muscle mass with aging is 

consistent with results from other studies using longitudinal and cross-sectional 

designs (148, 276). For review see Deschenes (2004). 
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The reduction in muscle mass with aging is primarily due to: (i) The loss of muscle 

fibres. Lexell et al. (1988) and others (178, 457) were able to determine that the 

reduction in muscle mass with aging is not due to a preferential loss of a specific 

fibre type. The loss of Type I and Type II muscle fibres with age are similarly 

affected. Skeletal muscle of older men has been found to contain 25% less muscle 

fibres than those of younger men. The loss of muscle fibres commences at about 

25 years of age and by 80 years of age the total skeletal muscle fibre number has 

declined by approximately 40%. (see Figure 4B) (321, 457). (ii) The loss of muscle 

fibre size. While studies have found no significant change in Type I muscle fibre 

size with age, Type II muscle fibres were found to be significantly reduced in size 

with advancing age (313, 518). 
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Muscular strength and Aging 

The loss of muscular strength is a frequent consequence of aging (41, 100,247, 

248, 434, 546). Changes in both isometric and dynamic muscular strength with 

aging have similar patterns that include a steep increase in the 20-29yr group, a 

small or nonexistent change in the 40-49yr group, and a decline in the 50-59yr 

group. While muscular strength appears to be relatively well maintained up to the 

5th decade of life, the decline in muscular strength in the 6th and 7th decade is 

approximately 1.5% per year. After the 7th decade, the decline in muscular strength 

is approximately 3% per year (88, 212, 533). Longitudinal studies over a seven to 

twelve year period have found the decline in muscle strength to vary for different 

muscle groups (12, 152, 176). The lower extremity of the body appears to have a 

greater decline in muscular strength than the upper extremity (13). McDonagh et 

al. (1984) found that between the ages of 26yr and 71yr the maximum voluntary 

force of the tricep surae and elbow flexors decreased by 40% and 20% 

respectively. The reasons for the differences in the rate of decline in muscular 

strength are unknown. It has been suggested that the differences in the decline in 

muscular strength between the upper and lower extremities could reflect regional 

differences of physical activity patterns or a more fundamental difference in the 

aging process between the upper and lower limbs (13, 422). 

While the major underlying factor in the decline in muscular strength appears to be 

the decrease in muscle mass other mechanisms may also contribute to the 

reduction in muscular strength. These other mechanisms include a decline in the 

number of a-motor neurons (275), reduced motor neuron conduction velocity 

(356), a decrease in motor unit number (91), dysfunction of neuromuscular 

transmission (171), an increase in motor unit size (494), an increase in the 

amplitude of motor unit action potentials (494) and a decrease in central drive to 

voluntarily activate a muscle (436). Another possible mechanism for the decline in 

muscular strength with age is reduced specific tension or "muscle quality". Muscle 

quality refers to strength per unit of muscle mass and may be a better indicator of 
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muscle function than muscular strength alone (110). While several studies have 

shown no difference in "muscle quality" with aging (153, 572), there is increasing 

evidence suggesting that muscle from older individuals may produce less force per 

unit cross-sectional area (GSA) (327). Frontera and colleagues (2000) compared 

the "muscle quality" of the quadriceps muscle of seven young (36.5 ± 3.0 yr) and 

eleven older men (74.4 ± 5.9 yr). Using a GT scan to determine muscle GSA and 

an isokinetic dynamometer to determine muscular strength, no significant 

difference in the "muscle quality" was reported between the younger and older 

men. However when the strength and GSA of single muscle fibers of the 

quadriceps were measured, the "muscle quality" of Type I and Type II muscle 

fibers of the older men (14.9 ± 4.4 and 16.4 ± 5.3 N·cm2 respectively) were 

significantly lower than the younger men (20.8 ± 6.7 and 23.8 ± 6.8 N·cm2 

respectively). The authors suggested that the intrinsic ability of muscle fibers to 

generate force is reduced in older individuals and may be due to either a reduction 

in 1) excitation-contraction coupling, 2) fuel metabolism and energy supply, and 3) 

cross-bridge formation and myofilament sliding (156). The results by Frontera et 

al. (2000) and others (106, 283, 392, 534) suggest that not only is the loss of 

muscle mass responsible for the reduction in muscular strength with aging but the 

capacity to generate force per unit of GSA is also lower in older individuals. Others 

(427, 548) have also shown that changes to neural pathways, including the loss of 

alpha motor neurons, from the spinal cord to the neuromuscular junction may play 

a role in the reduced capacity to generate force per unit of GSA. 
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Muscular Power, Rate of Force Oevelpoment (RFO) and Aging 

Muscular power is the product of work (a function of force and distance) and 

speed of muscle contraction (123) and represents the integration of neural and 

muscular function. The rate of force development (RFD) is a measure of an 

individual's ability to produce maximum force in the least time, and is regarded as 

an index of explosive strength (575). While the RFD is considered an integral 

component in the assessment of athletic performance (575), a decrease in the 

RFD is associated with less static and dynamic postural stability in older individuals 

(255). 

The decrease of muscular power in individuals over 65 years is approximately 

three times higher than the decrease in muscular strength (3.5-% per year and 1.3-

% per year respectively) (448, 482). The primary reason suggested for the age

related decrease in muscular power is the decrease in muscle CSA caused by 

muscle fiber atrophy and loss of muscle fibers, in particular Type II. Type II muscle 

fibers have a power output that is four times greater than the power output of Type 

I fibers (130) and therefore the selective loss of Type II fibers results in a significant 

loss of muscular power. Another possible cause of the decrease in muscular power 

with aging is an increase in muscle stiffness. The increase in muscle stiffness may 

be a result of increased non-elastic connective tissue (51). A recent study has also 

found those older individuals exhibiting the ciliary neurotrophic factor (CNTF) 

genotype possess significantly greater muscular strength and power (442). It would 

be reasonable to suggest that those older individuals without the CNTF genotype 

might lose their muscular strength and power faster than those individuals with the 

CNTF genotype. 

To date only a few studies (23, 111, 146, 292, 336) have examined the decline of 

muscular power with aging. It has been suggested that the lack of scientific 

investigations into muscular power and aging may be due to muscular power being 

more difficult to measure than muscular strength (111). To overcome the limitations 

of examining muscular power in older individuals, a variety of methods have been 
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used including cycle ergometers (292, 336), force platforms (134, 255), computer

interfaced pneumatic resistance machines (146, 262), and various power rigs (23, 

421, 482). However, fewer studies have examined the relationship between the 

decline of muscular power and the decline in functional capacity of older 

individuals. One of the first studies to demonstrate the relationship between the 

decline of muscular power and the decline in functional capacity was by 8assey et 

al. (1992). They reported that older individuals who required the use of aids to 

perform functional tasks, such as stair climbing, rising from a chair and walking, 

had less leg extensor power (42-54%) than those older individuals who completed 

the same tasks without the use of aids (24). More recently, Suzuki et al. (2001) 

reported a significant association between muscular power of the ankle flexors and 

functional limitations in community-dwelling older women. Similarly, among a group 

of sedentary older women aged between 70 and 95 years, "leg power" was the 

strongest predictor of functional status, when compared to other physiological 

parameters (146). 

In summary, the evidence suggests that the capacity of muscle to rapidly develop 

force is an important characteristic that contributes to functional capacity and 

independence of older individuals. To support the association between muscular 

power and functional capacity of older individuals the present study measured 

muscular power and the functional capacity of men between the ages of 70 and 80 

years. 
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AGING AND THE CARDIOVASCULAR SYSTEM 

Peak Oxygen Consumption (Ii02 peak) and Aging 

The rate at which oxygen is taken up from inspired air and is used by the body is 

termed oxygen uptake or oxygen consumption (V02). Oxygen consumption is 

expressed as an absolute measure in litres per minute (L ·min") or as a relative 

measure described with respect to body mass (ml.kg".min"). Oxygen 

consumption is defined according to the Fick Equation (501) and is equal to the 

product of cardiac output (Q) measured in L·min" and the difference in oxygen 

content between arterial (Ca02) and mixed venous blood (CII O2) measured in 

milliliters per 100 milliliters of blood (mL.100mL"). 

The Fick equation: V02 = Q x (Ca02 - C II O2) 

The extent to which cardiac output and the arterial-venous oxygen difference can 

be increased, sets the upper limit for oxygen consumption. This upper limit is 

referred to as maximal oxygen uptake or maximal oxygen consumption 

(V02 max) (22). Maximal oxygen consumption is therefore a function of both the 

maximal delivery and utilization of oxygen. A higher oxygen consumption can be 

achieved by an increase in both cardiac output and the oxygen extraction 

capacity of the active muscle mass (22). Maximal oxygen consumption is defined 

according to the respiratory gas kinetics, measured during a task which utilizes a 

required amount of the available and innervated muscle mass. During an 

incremental exercise test, a point is reached where the relationship between 

power and oxygen consumption is no longer linear, and begins to move towards 

an asymptotic/plateau relationship, despite further increases in power. The 

asymptote or plateau in oxygen consumption, despite increases in power, is 

typically referred to as maximum oxygen consumption. Historically, the classic 

criterion for the achievement of V02 max was determined using a discontinuous 

treadmill protocol. The plateau in oxygen consumption (V02 max) is reached 
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when there is an absolute increase in oxygen consumption of 0.15 L·min·1 or less, 

for successive minute measures of oxygen consumption, despite an increase in 

power which would normally result in an oxygen consumption of greater than 

0.15 L·min·1 (240). The upper limit of oxygen consumption is however dependent 

on the muscle mass involved in the execution of the particular task undertaken 

(471) For example, the oxygen consumption, power, heart rate and minute 

ventilation at volitional fatigue have been reported to be higher during uphill 

treadmill running tests than for leg cycling (61). An important distinction has 

therefore been made between the terms V02 max and V02 peak. The term 

V02 peak has been used to describe the highest attainable oxygen consumption 

for activities that recruit a lesser amount of the active muscle mass, such as 

stationary cycling. Therefore the term V0 2 peak was used to describe the highest 

attainable oxygen consumption achieved by older individuals of the present study 

during an incremental exercise test to volitional exhaustion. 

In the late 1930's Robinson (1938) examined the relationship between aging and 

V0 2 max and found that V0 2 max steadily declined from 25 to 75 years of age at 

the rate of approximately 1% per year (431). Current evidence from longitudinal 

and cross-sectional studies support a 10% per decade decline in V0 2 max in men 

regardless of their activity level (217, 510, 565). However, Buskirk and Hodgson 

have suggested rather than a linear decline in V02 max, trained and untrained 

men experience a curvilinear decline in V02 max. The authors proposed that 

V02 max in sedentary individuals declines rapidly in the twenties and thirties 

related to decreasing levels of physical activity and increasing bodyweight, followed 

by a slower decline as they continue to age. The V0 2 max in physically active and 

trained men declines more slowly so long as aerobic training is maintained with an 

increase in the decline in V0 2 max when training is reduced or stopped, as often 

the case in older aerobically trained men (56, 402). Tanaka and Seals (2003) 

reported similar results when examining the age rolated changes in running 
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performance of aerobically trained men. Running performance decreased with age 

in a curvilinear fashion. They found running performance was maintained until 

approximately 35 yr of age, followed by modest increases in running times until 50-

60 yr of age, with running times progressively steeper thereafter (510). Recent data 

suggests that the decline in V02 max accelerates from 3% to 6% per 10 years in 

the 20's and 30's to >20% per 10 years in the 70's and beyond with larger 

decreases in men than women regardless of the level of physical activity (142). 

The reduction in V02 max with aging results in a decrease in physiological 

functional capacity (510) that may contribute to the increased incidence of 

disability, loss of independence, and reduced quality of life (434). Several studies 

(384,493) have concluded that a minimal level of V02 max (13-15 ml ·kg"·min") 

is required for independent living. Furthermore a high level of "cardiorespiratory 

fitness" or V02 max may provide protection against cognitive dysfunction (20, 

530) and has also been identified as an independent risk factor for cardiovascular 

disease and all-cause mortality (36). 

The age-related deterioration in the cardiovascular system is attributed to structural 

and functional changes (see Figure 5.) in both the central (i.e. cardiac output) and 

peripheral circulation (i.e. a-v02 difference) (for review see Lakatta & Levy 2003). 

Centrally, maximum stroke volume has been reported to decline in sedentary 

older individuals (188). The reduction in stroke volume in older individuals is 

primarily due to changes in cardiovascular function: 

(1) a reduction in the early diastolic left ventricular filling rate as a result of 

structural (fibrous) changes in the left ventricular myocardium and/or to residual 

myofilament CaH activation from the preceding systole, resulting in prolonged 

isovolumic relaxation (19, 376). 

(2) an increase in afterload as a result of an increase in arterial stiffness (304, 305). 

(3) a reduced adrenergic responsiveness to catecholamines as a result of a 

desensitization of adrenergic receptors (305). 
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However some studies have demonstrated no change in maximum stroke volume 

with age in aerobically trained men (188, 223) Regardless of whether maximum 

stroke volume is reduced with age, several studies have shown that older 

individuals have a greater reliance on the Frank-Starling mechanism to increase 

maximum cardiac output through increases in maximum stroke volume (430). 

Maximum heart rate declines at a rate of approximately 3-5% per decade (19, 

192, 217, 223, 257, 510). The relative contribution of the reduction in maximum 

heart rate to reduced maximum cardiac output has been reported to range from 

40 to 100% in various studies (188, 223, 430). Several studies have also shown 

peripheral changes with aging that can contribute to the reduced VO, max in 

older individuals (141, 257, 413, 522). Changes in body composition, including 

decreased lean body mass (LBM) and increased fat mass have been shown to 

influence the change in VO, max with increasing age (413). Cross-sectional data 

has shown that the rate of decline in VO, max of 9% per decade is reduced to 4 % 

per decade when controlling for changes in LBM and fat mass (522). Similarly 

longitudinal studies have demonstrated that maintaining LBM was associated with 

maintenance of VO, max in older male runners (217). Peripheral changes with 

aging also include reductions in the maximum arterio-venous oxygen difference, 

reflecting less oxygen usage by skeletal muscle (69). Other peripheral changes 

that may influence the reduction in VO, max with increasing age include a decline 

in mitochondrial density, capillary density and oxidative enzymes (70, 315). The 

reduction in oxygen usage by skeletal muscle may be due to the reduction in LBM 

seen in older individuals although there is evidence that aged skeletal muscle has 

a reduced aerobic capacity independent of changes in LBM (404, 413). 

The structural and functional changes that contribute to the decline in VO, max 

with aging appear to be influenced by the level of physical activity. VO, max has 

been shown to decrease with a decrease in the level of physical activity and 

increase in response to regular aerobic training. Using elite master's athletes as a 

model for successful aging, Tanaka and Seals determined that the main factor for 
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the decline in V0 2 max of aerobically trained older men was the decline in the 

exercise training stimulus (i.e. a decline in weekly running mileage, frequency, and 

training speed) (510). Hawkins et al. (2003) also suggest that aerobically trained 

older men would benefit from the addition of resistance training to their training 

program in an effort to maintain muscle mass, as aerobic training has been shown 

to be insufficient for the maintenance of muscle mass with aging (218). 

Figure 5. Factors contributing to a decline in V0 2 peak in older adults 

(adapted from LakaUa (2003)) 
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Cardiac Output (0) and Aging 

Cardiac output is described as the volume of blood that is ejected by the 

ventricles of the heart per unit of time, usually per minute. Using the Fick 

Equation, cardiac output (Q) can be defined as the product of oxygen 

consumption divided by the difference in oxygen content between arterial (Ca02) 

and mixed venous blood (CV02)' 

The Fick equation: Q = V02 / (Ca02 - C v O2) 

Cardiac output can also be defined as the product of heart rate (HR) and stroke 

volume (SV) and is expressed in absolute terms in litres per minute (L .min"). 

Stroke volume is equal to the net difference between ventricular end diastolic 

volume and ventricular end systolic volume and is therefore the volume of blood 

ejected per beat (mL .bear'). An increase in the heart rate, an increase in the end 

diastolic volume and/or a decrease in the end systolic volume can increase 

cardiac output. Cardiac output is quantified at rest and during exercise for clinical 

and experimental purposes to provide a fundamental descriptor of cardiovascular 

function. 

Cardiac output at rest 

The literature is equivocal on what effect aging has on Q at rest (47, 172,231, 

264, 376, 432). While some studies have reported a decrease in Q at rest with 

age (47,172,264,412), others have reported no change (231, 376, 432). An early 

study by Brandfonbrener et al. (1955) using the direct Fick method to determine 

Q, reported that between the ages of 24 and 82 yrs, Q at rest decreased from 

6.49 ± 0.51 to 3.87 ± 0.39 L ·min". The reduction in Q at rest with increasing age 

was a result of a significant decrease in both heart rate (0.3 beats· min" per year) 

and stroke volume (0.70 mL . bear' per year). However, more recent studies 

(231, 376) have challenged the findings by Branfonbrener and others (47, 172, 
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264) suggesting that increasing age has no significant effect on resting Q. 

Rodeheffer et al. (1984) measured Q with the use of radionuclide ventriculography 

in subjects screened for coronary artery disease (CAD) by angiograms and found 

no significant change in cardiac index (L ·min" .m'2) at rest with age. Rodeheffer et 

al. (1984) and others (140, 304) suggested that changes in Q at rest with age 

may reflect the extent of CAD rather than as a consequence of ageing per se. 

Nottin et al. (2004) after screening for CAD also found no significant difference in 

cardiac index at rest in fifteen young (23 ± 3yr) and fourteen older (56 ± 4yr) men. 

Using standard echocardiograms consisting of two-dimensional, M-Mode and 

Doppler blood flow measurements, no significant difference was found in the stroke 

volume and heart rate at rest of the young (44 ± 9 mL -BSA" and 72 ± 11 b·min" 

respectively) and older men (52 ± 7 mL -BSA" and 73 ± 10 b·min" respectively). 

Some of the earlier studies did not screen for CAD (47, 172, 264), which may 

account for some of the differences found in Q at rest with age. Furthermore, the 

variety of methods used to measure Q (304, 412, 432) and the position of the 

subjects (supine or upright) (172, 264, 432) during the measurement of Q, may 

also have contributed to the equivocal results from studies investigating the 

changes in Q at rest with aging. 

Cardiac output during maximum exercise 

In older individuals at or near maximum exercise, Q is generally lower compared 

to younger individuals (172, 264, 377, 500). The lower Q at or near maximum 

exercise in older males is primarily due to the age-related decline in maximum 

heart rate and to a lesser extent a reduction in stroke volume (377, 390, 500). In a 

study involving 200 men and women aged 22-86 yr, Fleg et al. (1995) used gated 

radionuclide ventriculography to measure left ventricular volume during peak cycle 

ergometry. There was decline in peak work rate (36%) with age and a decline in 

peak cardiac index (27%) with the decline in peak heart rate (25%) the main 

contributors to the decline in peak cardiac index (143). 
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Other changes in cardiac function with age include a reduced rate of left ventricular 

(LV) early diastolic filling at rest and during exercise compared with younger 

individuals (19, 319). The reduced rate of filling is due to structural changes within 

the myocardium and/or residual myofilament calcium activation due to a reduced 

rate of calcium uptake by the sarcoplasmic reticular calcium pump (92). Despite 

the slowing of LV filling early in diastole, more filling occurs in late diastole (19), 

due, in part, to a stronger atrial contraction which leads to atrial hypertrophy with 

aging (305). Despite the age-associated changes in diastolic filling, older men's left 

ventricular end-diastolic volume index (end-diastolic volume normalized for body 

surface area [EDVI)) remains elevated during maximum exercise compared to 

younger men's EDVI, which is similar to their EDVI at rest (144). Despite a 

reduction in the LV early diastolic filling rate, the LV at end diastole in older men is 

not reduced, but is greater than in younger men. 

The LV ejection fraction (EF), the most commonly used measure of LV systolic 

performance is preserved during aging at rest, but during maximum exercise 

decreases by 20% between the ages of 20 and 85 yrs (144). The inability of older 

individuals to augment EF with maximum exercise is due to the age-associated 

deficit in the ability to reduce end-systolic volume (ESV) which is the result of a 

reduced sensitivity to catecholamines and therefore failure to increase myocardial 

contractility (144). The net result of the age-associated changes in EDV and ESV 

regulation during exercise is that stroke volume is preserved in older individuals 

during sub-maximal exercise because of a greater use of the Frank Starling 

mechanism (305). However during maximum exercise, deficiencies in the Frank 

Starling mechanism result in the inability to reduce ESV in older individuals 

resulting in a reduced ejection fraction (305). Deficiencies in the Frank Starling 

mechanism during maximum exercise may be the result of changes to sympathetic 

modulation of heart rate and LV contractility (305). Therefore it appears that at rest 

and during sub-maximum exercise Q is relatively unchanged with age while 

maximum Q is reduced by approximately 30% in older individuals. 
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Anabolic Hormones and Aging 

Growth Hormone (GH) 

GH is a peptide hormone that is produced and stored in the anterior pituitary gland. 

Pituitary GH secretion is primarily regulated by the interaction of two hypothalmic 

peptides, GH-releasing hormone (GHRH) and somatostatin (76). GH promotes 

increased cell size, mitosis, specific differentiation of certain cell types and the 

stimulation of insulin-like growth factor-1 (IGF-1). Apart from the general effect of 

causing growth, GH has several specific metabolic effects. These include: 

(1) enhancement of almost all facets of amino acid uptake and protein synthesis 

by cells, while reducing the breakdown of proteins. 

(2) the release of fatty acids from adipose tissue and enhances the conversion of 

fatty acids to acetyl GoA and subsequent utilisation for energy. 

(3) reducing carbohydrate utilisation by decreasing glucose uptake in tissues, 

increasing glucose production by the liver and increasing insulin secretion. 

(4) helps to promote immune development and function 

(5) the stimulation of cartilage and bone growth by enhancing the effect of 

osteogenic cells leading to the deposition of new bone. (183) 

Early studies found no significant change in baseline plasma GH concentrations 

with advancing age (109,117). However, more recent studies have found that GH 

concentration steadily declines with advancing age (10, 389). The failure of the 

early investigations to detect significant changes in GH concentration may have 

been due to the insensitivity of the early radioimmunoassays (RIAs) used for GH 

analysis (76). Furthermore the random single samples used by Dudl et al. (1973) 

and Elahi et al. (1982) may not have adequately characterised GH secretory 

dynamics due to the diurnal variation of GH secretion. Recent studies using more 

sensitive RIAs and sampling over a 24 hour period have found aging is associated 

with reductions in GH concentration of between 15% and 70% (77, 233, 449, 539). 
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Iranmanesh and colleagues (1991) using healthy non-obese men aged 21-71 yrs 

revealed that with each advancing decade, the GH production rate decreased by 

approximately 14% and the GH half-life decreased by 6% (251). These changes in 

the rate of GH production and half-life are now referred to as 'somatopause' and 

correlate with a reduction in FFM, muscle mass, total body water and an increase 

in body fat that are associated with aging (309). The exact mechanism responsible 

for the reduction in plasma GH concentration that occurs in older men is thought to 

be caused by altered hypothalamic regulation rather than a reduced capacity of the 

pituitary to secrete GH (309). While the amount of GH present in the pituitary does 

not change with age, altered hypothalamic regulation is thought to be caused by an 

attenuation of the production of GH-releasing hormone by the hypothalamus (450) 

as well as a reduced responsiveness of the pituitary to GH-releasing hormone 

(310, 352). Perhaps the most important cause of a reduction in plasma GH 

concentration in older individuals is an increase in somatostatin (GH inhibitor) 

activity and an increase in somatostatin content in the hypothalamus (487). Other 

factors that may influence the extent of decline in GH concentration with aging 

include relative adiposity (554), gonadal steroid concentration (233), sleep patterns 

(531) and level of physical fitness (14, 551). 

Insulin-like growth factor-1 (lGF-1) 

IGF-1 is an insulin-related peptide that is derived from the same evolutionary 

precursor gene as insulin (76). IGF-1 and insulin act through similar cell surface 

receptors and share many biological properties. Until recently, hepatic production 

of IGF-1 was thought to be responsible for many of the grow1h-promoting effects of 

GH. However in the majority of tissues IGF-1 has a local 'autocrine/paracrine' 

action whereas in the liver, IGF-1 is secreted into the circulation (131). Recent data 
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have also found that liver derived IGF-1 is not crucial for normal postnatal growth 

(481). It has been suggested that circulating IGF-1 should be considered more as a 

marker of GH action on the liver than as the mechanism by which GH exerts its 

effects (486). Insulin-like growth factor-1 has been shown to playa significant role 

in a number of physiological functions including: promoting satellite cell 

proliferation, differentiation and muscle hypertrophy (165), promoting nerve 

elongation and branching (419), improving cognitive function (532), regulating bone 

growth (271), and associated with heart development and in maintaining cardiac 

structure and performance (68) (for reviews see (157, 252, 577) ) 

Approximately 1% of liver-derived IGF-1 circulates as a free hormone, with the 

majority of circulating IGF-1 bound to specific carrier proteins, IGF-binding proteins 

(IGFBPs). The most important of which is IGFBP-3, which binds more than 95% of 

IGF-1 in the blood (260). IGF-1, together with its binding protein and an 85-kDa 

acid-labile subunit forms a 150-kDa ternary complex. The 150-kOa cornplex not 

only provides a means of transport for IGF-1 in the circulation but also prolongs 

IGF-1's half-life from about 10 minutes to 12-15 hours (180). The increase in IGF-1 

half-life is in contrast to GH, which is only weakly bound to a binding protein, giving 

a half-life of less than 20 minutes. Because of its extended half-life, IGF-1 is often 

seen as a more convenient marker of GH secretion as it has virtually no diurnal 

variation. 

Insulin-like growth factor-1 concentration declines with increasing age and is 30%-

40% lower in healthy older men (60+ yrs.) compared to younger men (20-30 yrs.) 

(120, 398). The decline of IGF-1 concentration with increasing age is likely due to 

the age-related decline in GH secretion (519). However several conditions often 

found in the older population such as declining gonadal sex steroid levels (309), 

generalised malnutrition and protein depletion and reduced physical activity levels 

can significantly lower plasma IGF-1 and alter circulating IGFBPs (64). 

Furthermore, across the age span, IGF-1 concentration has been found to be 

inversely correlated with adiposity (309). 
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Testosterone 

The majority of testosterone (-95%) in men is produced by the Leydig cells of the 

testes and released into the circulation in a pulsatile manner under stimulatory 

control by luteinizing hormone (LH). The remainder of testosterone comes from the 

conversion of adrenal androgens. (183). Nearly all testosterone circulates in the 

blood bound to two proteins, albumin and sex-hormone-binding globulin (SHBG) 

with only about 1-2% of testosterone circulating totally free (often referred to as 

"free testosterone") (558). Testosterone is tightly bound to SHBG, whereas its 

affinity for albumin is weak. Because of the strong affinity of testosterone for 

SHBG, the portion of testosterone not bound to SHBG is often called "bio-available 

testosterone." (21). 

Apart from the development of primary sexual characteristics testosterone is 

responsible for: 

(1) an increase in the level of muscular development due to the accelerated rate of 

protein formation in muscle cells. 

(2) the increased total quantity of bone matrix and causes calcium retention. This 

leads to an increase in the size and strength of bones. 

(3) an increase in the resting metabolic rate as a result of an increase in cellular 

enzymatic activity. 

(4) an increase in the number of red blood cells (183). 

The decline in testosterone with age is primarily due to a decrease in testosterone 

production. Young adult men exhibit daily fluctuations in their testosterone 

concentrations, with peak levels occurring in the morning then slowly declining by 

about 35% during the day. The daily fluctuation in testosterone concentration is 

attenuated in older men (48, 512). The causes for a decline in testosterone 

production with age are rnultifactorial. The predorninant change in testosterone 

concentration appears to be at the level of the testes, where there is a decline in 

Leydig cell numbers and in the activity of the enzyrnes in the rnetabolic pathway 
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regulating testosterone production (194). In response to increased gonadotrophin 

stimulation the ability of the testes to increase testosterone production is also 

attenuated in older men (540). There is additional evidence that age-related 

alterations in hypothalamic-pituitary function also contribute to the decline in 

testosterone. An overview of available data supports the view that older men fail to 

demonstrate an appropriate increase in LH secretion in response to a hypo

androgenic state (540, 566). 
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THE EFFECT OF CHRONIC RESISTANCE TRAINING ON 

OLDER MEN 

Body Composition 

Aging is associated with the loss of fat-free mass (FFM) and an increase in body 

fat (124, 434) (for review see (574). Resistance training in older individuals has 

been shown to not only attenuate the changes in body composition with aging but 

to increase FFM and reduce body fat (57, 193,245,318,407,528). While aerobic 

training has been shown to significantly reduce specific regional body fat (464), few 

data are available on the effects of resistance training on regional fat loss in older 

men. Using dual energy x-ray absorptiometry (DEXA), magnetic resonance 

imaging (MRI) and hydro-densitometry, Trueth et al. (1994) examined the changes 

in regional body fat in older men (60 ± 4 yrs.) after 16 weeks of whole body 

resistance training (12 repetitions/set at 67% of the one repetition maximum (1 RM); 

2 sets/day; 3 days/week). Total fat mass significantly (p< 0.05) decreased from 

23.8 ± 6.7 to 21.8 ± 6.0 kg with half of the loss in body fat coming from the trunk 

region. Hunter et al. (2002) investigated the changes in total body fat and intra

abdominal adipose tissue after 25 weeks of resistance training (10 repetitions/set 

at 80% of 1 RM; 2 sets/day; 3 days/week) in men and women aged 61 -77 yrs. 

Percent body fat decreased by approximately 11 % (p< 0.05) in both the male and 

female groups after the 25 weeks of resistance training. Despite the significant 

decrease in percent body fat, computed tomography scans found no significant 

difference in intra-abdominal adipose tissue (143.4 ± 68.5 vs 152.3 ± 74.6 cm2
) for 

the older men. The older women in the study who had a similar decrease in 

percent body fat as the older men, did have a significant decrease in intra

abdominal adipose tissue (131.2 ± 52.3 vs 115.8 ± 45.8 cm2
). The authors were 

unsure why women and not men decreased intra-abdominal adipose tissue and 

suggested that differences in hormones between the genders may have been 

responsible for the preferential loss in abdominal fat in the older women. More 
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recently Ibanez et al. (2005) examined changes in abdominal fat mass in nine older 

men (67 ± 3.1 yr) with Type 2 diabetes after 16 weeks of resistance training (10-12 

repetitions/set at 50-80% of 1 RM; 2 sets/day; 2 days/week). Computed 

tomography scans revealed significant decreases in visceral (10.3 ± 2.1%) and 

subcutaneous (11.2 ± 2.5%) abdominal fat mass with no significant change in body 

mass after the 16 weeks resistance training. The 16 weeks of resistance training 

also significantly increased insulin sensitivity (46.3%) and significantly decreased 

fasting blood glucose levels (-7.1 %) in the older diabetic men (250). Although not 

measured in their study, the authors suggested that an increase in muscle mass 

may have been responsible for the significant improvement in glucose tolerance 

and insulin sensitivity after the 16 weeks of resistance training. Increasing the 

muscle mass of older individuals through resistance training may help reduce the 

age-related loss in skeletal muscle mass and improve glucose tolerance and 

insulin sensitivity. 

Sarcopenia, the age-related loss in skeletal muscle mass, is an inevitable part of 

aging and is closely linked to age-related losses in bone mineral density, 

decreases in resting metabolic rate and increased body fat content (For reviews 

see (354, 443)). To counter sarcopenia, resistance training has been suggested as 

possible therapeutic intervention for older men. However early resistance training 

studies failed to find a significant increase in the muscle mass of older men (11, 

361). The failure of these studies to report a significant increase in muscle mass 

may have been due primarily for two reasons. Firstly, the level of training intensity 

« 40% of 1 RM) may not have been sufficient training stimulus to stimulate muscle 

hypertrophy. Secondly, the method used to measure changes in muscle mass was 

a tape measure placed around the muscle and may not have been sensitive to the 

changes in muscle mass. 

Studies over the past decade (1990's) using sensitive measuring equipment eg CT 

scans, MRI, DEXA to detect changes in muscle mass, have demonstrated that 
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high-intensity resistance training can increase the muscle mass of older men (see 

Table 1.). One of the first studies to report an increase in muscle mass from 

resistance training in older men was by Frontera and colleagues (1988). Twelve 

men aged 60-72 yrs participated in a 12-week progressive high-intensity resistance 

training programme consisting of 8 repetitions/set at 80% of 1 RM; 3 sets/day; 3 

days/week. Total thigh muscle area estimated by computerised tomography (CT) 

increased by 11.4%. Muscle biopsy of the vastus lateralis revealed increases in 

Type I (33.5%) and Type II fiber cross-sectional area (27.6%). Others have 

reported similar increases in muscle mass following progressive high-intensity 

resistance training involving healthy older men (50, 211, 225, 350, 506, 524, 528). 

The very old (+90 yrs) have also shown they can significantly increase muscle 

mass (9.0% ± 4.5%) after eight weeks of progressive high-intensity resistance 

training (136). 

Longitudinal studies (> 1 yr.) with older men have reported continued muscle 

hypertrophy after several years of resistance training (343, 344,414). McCartney 

et al. (1995, 1996) conducted a two-year resistance training study with subjects 

aged 60 to 80 years. Participants trained the "whole body" twice a week with three 

sets of 10 to 12 repetitions at an intensity of 80% of 1 RM. The 1 RM was 

reassessed every six weeks to maintain the same intensity of the resistance

training programme. After the first 12 months of training, the CSA of the knee 

extensors significantly increased (5.5 ± 0.7%) with a further significant increase 

(8.7 ± 0.9%) in CSA of the knee extensors after 24 months of training. These 

results suggest that older men can increase muscle mass in response to 

resistance training over an extended period of time. 

Cross-sectional studies have also found that long-term resistance trained older 

men have significantly higher muscle mass than sedentary untrained men of a 

similar age (173, 283, 480). Seven resistance trained men (68 ± 0.8 yrs) who had 

participated in a resistance training regimen three times a week for the past 12-17 

years were found to have significantly (p< 0.05) higher CSA of the quadriceps 
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femoris muscle (24%) compared to age-matched untrained men. Furthermore the 

quadriceps femoris CSA's of the older resistance trained men was comparable to 

those of younger (28 ± 0.1 yrs.) untrained men (283). 

While there is evidence indicating that older individuals can increase muscle CSA 

in response to resistance training, there is conflicting evidence as to whether the 

hypertrophic response of older individuals is reduced compared to younger 

individuals. Myosin heavy chain and mixed protein synthesis rates (216), satellite 

cell activation (441), increases in fiber size (193) and muscle CSA (199) have all 

been shown to increase equally in older and younger men following resistance 

training. Other studies (197, 299) have reported that the increase in muscle CSA is 

significantly reduced in older men when compared to younger men. Kraemer and 

colleagues (1999) examined the hypertrophic response of younger (29.8 ± 5.3 yrs.) 

and older (62 ± 3.2 yrs.) men after 10 weeks of high-intensity periodized resistance 

training. While the older men had a significant (p< 0.05) increase in thigh CSA (6.2 

± 2.9%), the increase in thigh CSA (10 ± 3.7%) of the younger men over the same 

training period was significantly greater. The authors concluded that the greater 

increase in thigh CSA in the younger men was possibly due to the higher level of 

resting and exercise-induced anabolic hormones stimulating a greater increase in 

muscle mass. 

Using dual-energy X-ray absorptiometry the present study measured changes in 

the muscle mass of older men after 16 weeks of resistance training. In particular 

leg muscle mass was measured to determine the hypertrophic response of the 

older men to the resistance training program. 
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Muscular Strength 

The capacity of older individuals to maintain muscular strength is an essential 

factor in maintaining independence (for review see (420}). A threshold level of 

muscular strength is required to perform basic activities of daily lining and to 

participate in activities designed to maintain cardiorespiratory fitness (49). Indeed, 

Young et al. (1994) has suggested that a 10 to 20% increase in quadriceps 

muscular strength in older individuals could delay the onset of threshold for 

dependency by one or two decades. 

Resistance training studies have found when the intensity of resistance exercise is 

low « 40% of 1RM), modest increases (9-22%) in muscular strength can be 

achieved by older subjects (11, 312). A number of studies (see Table 1.) have 

demonstrated that given an adequate training stimulus, resistance training can 

have a significant effect on the muscular strength of both older men and women. 

Depending on age, mode, duration, intensity and frequency of training, initial level 

of muscular strength and method of assessing muscular strength, increases of up 

to 200% in muscular strength have been reported (155). In general, resistance 

training programmes involving 2-3 sessions per week at an intensity of 65-85% of 1 

RM have shown significant increases in muscular strength for older individuals (95, 

135, 237, 311, 314, 328). Although muscle hypertrophy has been reported as one 

of the major factors contributing to muscular strength gains with resistance training, 

the increase in muscle size does not solely account for the increase in muscular 

strength (197, 211, 254). During the first 1-2 weeks of training, increases in 

muscular strength are primarily the result of improvements in the skill required to 

perform a resistance exercise as a result of a learning effect. The learning effect is 

mediated by changes in motor skill coordination and the level of motivation (451). 

In the following 3-6 weeks of training, increases in muscular strength have been 

mainly attributed to neural adaptations such as increased motor unit firing 

frequency and motor unit recruitment rates, better coordination of synergistic and 

antagonistic muscles and an increased neural drive from the highest levels of the 

49 



central nervous system (456). Gains in muscular strength beyond the first 6 weeks 

of appropriate resistance training are primarily mediated through increases in 

muscle mass (195, 456). Other factors such as changes in tendon stiffness (426) 

and specific force (427) might playa role in the muscular strength gains observed 

with resistance training in older individuals. Reeves et al. (2003) examined 

changes in patella tendon stiffness of older men (74 ± 3.5 yr) after 14 weeks of 

resistance training (10 repetitions/set at 80% of 5RM; 2 sets/day; 3 days/week). 

Patella tendon stiffness and Young's modulus (the ratio of linear stress to linear 

strain) significantly increased (65% and 69% respectively) after the 14 weeks of 

resistance training. The CSA of the patella tendon did not change significantly 

indicating that tendon stiffness increased due to a change in the material properties 

of the tendon and not due to tendon hypertrophy. Increases in stiffness and 

Young's modulus of tendons may reduce the risk of tendon injury and result in an 

increase in maximal muscle force, rate of force development, and reduce the 

metabolic cost of locomotion in older individuals (426). In a later study, Reeves et 

al. (2004) also investigated the change in specific force (intrinsic force-producing 

capacity of a muscle) in skeletal muscle of older individuals after a period of 

resistance training. The vastus lateralis (VL) muscle was examined in nine men 

aged 74 ± 3.5 yr after resistance training 3 days a week for 14 weeks (10 

repetitions/set at 80% of 1 RM; 2 sets/day). Specific force was calculated by 

dividing fascicle force by the physiological cross-sectional area (PC SA) of the VL 

muscle. The VL muscle specific force significantly increased from 27 ± 6.3 N·cm2 to 

32.1 ± 7.4 N·cm2 after training, highlighting the effectiveness of resistance training 

for increasing intrinsic force-producing capacity of skeletal muscle in older 

individuals (427). The resistance-training programme also resulted in significant 

increases in muscle fascicle length and pennation angle, suggesting the addition of 

sarcomeres in series and parallel respectively. Muscle fascicle length and 

pennation angle are reduced in old age leading to a decrease in muscular strength, 
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therefore the findings suggest a training induced reversal of these effects of aging 

(370). 

While resistance training in previously sedentary older individuals appears to 

significantly increase muscular strength, resistance training in chronically trained 

older individuals does not appear to stop the age-associated decline in muscular 

strength (348, 385). Pearson et al. (2002) compared muscular strength in 54 elite 

level masters' weightlifters (aged 40-87 yr) with a similar number of age-matched 

healthy untrained men. Although muscular strength was significantly higher (23%) 

in the masters' weightlifters, the rate of decline in muscular strength (0.6% per 

year) was not significantly different between the two groups of men. Furthermore 

there was no significant difference in lower-leg muscle volume between the 

masters' weightlifters and untrained men (385). However lower-leg muscle volume 

was estimated by anthropometry, which has been shown to be inaccurate at 

measuring regional muscle mass in older individuals (316). Pearson et al. (2002) 

did point out that although the decline in muscular strength with age is similar 

between resistance trained and sedentary adults, the resistance-trained individuals 

possess higher absolute levels of muscular strength for a given age. 

The present study measured muscular strength every four weeks during the 16 

weeks of resistance training to determine the rate of increase in muscular strength 

and how these changes may benefit the functional capacity of older individuals. 
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Muscular Power and Rate of Force Development 

Muscular power is the product of force and speed at which muscle movement 

occurs. It has been demonstrated that muscular power may be more directly 

related to impaired physical performance than muscular strength in older 

individuals (24, 146, 482). Bean et al. (2003) compared leg power with leg strength 

to determine which factor influenced mobility performance more in a group of 839 

older men and women (74 ± 6.6 yr). Multivariate regression analysis demonstrated 

that leg power accounts for more of the variance than does leg strength in mobility 

performance. Although low leg power and low leg strength each increased the 

likelihood for mobility problems, poor muscle power was associated with a 2-3 fold 

greater risk of reduced mobility performance than poor muscle strength (27). 

Accordingly, attention has been focused on the need to design resistance training 

programs to increase muscular power in older individuals with the view of 

improving physical performance (448). Skelton and colleagues (1995) examined 

the effects of 12 weeks resistance training on the development of muscular power 

in women aged 76 and 93 years. Participants performed three sets of four to eight 

repetitions three times per week with 1-1.5kg rice bags and elastic tubing. Although 

isometric strength increased significantly (27 ± 3.2 %), no significant improvements 

in muscular power were reported. Frontera et al. (1988) also failed to find a 

significant increase in muscular power after 12 weeks of progressive resistance 

training (8 repetitions/set; 3 sets/day; 3 days/wk) in men aged 60-72 yrs despite a 

significant (p< 0.0001) increase in muscular strength. Other studies have found 

significant improvements in muscular power in older men after resistance training 

(197,255,262). Hakkinen and colleagues (1998) reported a significant increase in 

lower body muscular power in older men (72 ± 3 yrs) after 24 weeks of heavy 

resistance training combined with explosive exercises. The significant increase in 

muscular power (21 ± 3%) was not accompanied by a significant increase (2.1 ± 

1.9%) in thigh CSA. The lack of a significant increase in thigh muscle CSA, with a 

significant increase in muscular power suggests that the gains in muscular power 
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were primarily from neural adaptations as evidenced by significant (p< 0.05) 

increases in muscle EMG (14 ± 7%). 

Few studies have specifically designed resistance training programmes to increase 

muscular power in older individuals (328). Fielding et al. (2002) randomly selected 

women aged 73 ± 1 year into one of two groups: high-velocity (HI) and low-velocity 

(LO) resistance training, in which absolute training force and total work performed 

was similar between the groups. Training consisted of three sets of 8-10 repetitions 

of leg press and knee extension three times per week for sixteen weeks. The 

training programme was designed with the women in the HI group performing each 

repetition as fast as possible, as the velocity of training has been shown to be an 

important component of increased power with resistance training (302). The 

women of the LO group performed their repetitions in the traditional low-velocity of 

most resistance training programmes (328). Traditional low-velocity resistance 

training generally results in small but significant increases in muscular power (18% 

to 25%) (199, 262, 483) concurrent with increases in muscular strength (20-80%). 

In contrast to traditional low-velocity resistance training, Fielding et al. (2002) were 

able to demonstrate the importance of prescribing resistance exercises that 

specifically target an increase muscular power in older individuals. After 16 weeks 

of training the increase in muscular power was significantly higher in the HI group 

(97%) compared to the LO group (45%). Furthermore the increase in muscular 

strength for both the HI and LO groups (34%) was significantly less than the 

increases in muscular power (HI 97%; LO 45%) (137). To determine whether 

power specific training was more efficacious than strength training for improving 

functional capacity, Miszko et al. (2003) randomly assigned 24 older men and 

women (72 ± 6.3 yr) to a strength training (ST, n=13) and a power training (PT, 

n=11) group. The PT group (3 sets of 6-8 repetitions at 40% of 1 RM as fast as 

possible) and the ST group (3 sets of 6-8 repetitions at 50-80% of 1 RM) trained 

three times per week for sixteen weeks. There was no significant difference 

between the PT and the ST groups for muscular strength or peak anaerobic power 
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(as measured by The Wingate anaerobic test). However, functional capacity 

measured by the Continuous Scale Physical Functional Performance test (a 

battery of 16 everyday tasks measured by the distance moved, the time to 

complete each task, and/or the amount of weight carried) was significantly greater 

for the PT group compared to the ST group after the sixteen weeks of training. The 

PT group also performed less total work over the sixteen weeks of training than the 

ST group indicating that the velocity of training had a greater influence on the 

improvement in functional capacity than total work performed (355). 

The ability to generate force rapidly is a critical component in the mobility and 

independence of older individuals. Only recently has high-velocity resistance 

training (power training) been suggested as a possible mechanism to prevent the 

age-associated decline in muscular power and preserve the independence of older 

individuals. 

Further investigation is needed to identify methods of improving muscular power in 

older men and women and how these improvements in muscular power may 

benefit the functional capacity of older individuals. The present study measured 

changes in muscular power after 16 weeks of resistance training in older men and 

assessed how the changes in muscular power may benefit the functional capacity 

of older individuals. 
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Peak Oxygen Consumption (V02 peak) 

While it is well established that aerobic training can lead to significant increases in 

the \;02 peak of older individuals, (for review see Tanaka et al. (2003)) the effects 

of resistance training on \;02 peak are less clear. Many studies have found that 

resistance training does not increase the \;0 2 peak of older men (190, 247, 248, 

528). Conversely, there are studies that have found that resistance training can 

improve the \;02 peak of older men and older women (154, 193). Frontera and 

colleagues (1990) measured \;02 peak on a cycle ergometer and found a 

significant increase (5%) in \;02 peak after 12 weeks of resistance training in men 

aged 60 to 72 years of age. Significant increases in capillaries per fibre (15%) and 

citrate synthase activity (38%) accompanied the increase in \;02 peak. However, 

questions remain over the accuracy of reported increases in \;02 peak from 

resistance training (248). The change in \;0 2 peak reported by Frontera et al. 

(1990) is likely to be within the range of normal biological and/or methodological 

drifts associated with the determination of \;02 peak reported by untrained 

individuals during similar time periods (249). There is also a question as to whether 

non-cyclists are able to achieve a \;0 2 max on a cycle ergometer as they may be 

limited by non-cardiovascular factors such as quadriceps strength rather than 

central cardiovascular factors of stroke volume and cardiac output (335). Most data 

that describe \;0 2 max and the requirements for the attainment of \;0 2 max have 

been developed using young adults. Consequently there is debate regarding (a) 

the need for attainment of a plateau in \;02 max or (b) whether the peak 

\;02 (\;02 peak) value obtained is sufficient to report as \;02 max (241). For the 

purpose of this study the term \;02 peak was used to describe the highest 

attainable oxygen consumption achieved by older individuals during an incremental 

exercise test to volitional exhaustion. 

Hickson and colleagues (1980) examined the effect of ten weeks of resistance 

training on \;02 peak in young previously untrained men (18-23 yrs.). Peak 

oxygen consumption, measured using a cycle ergometer, significantly increased (4 

55 



± 0.2%), while V02 peak measured during a maximum treadmill test did not 

increase significantly. There was a significant increase in time to exhaustion in both 

the cycle (47 ± 6%) and running (12 ± 4%) tests (230). Similar results were 

obtained by Marcinik et al. (1991) who reported exhaustion time on a cycle 

ergometer significantly increased (33 ± 5%) with circuit resistance training despite 

no significant increase in treadmill V02 peak. However others have found 

significant increases in V02 peak after a period of resistance training in young 

(499) as well as older (193) men. Stone et al. (1983) using previously sedentary 

college-age men and a high volume Olympic-style resistance training programme, 

found a significant increase in both absolute (9%) and relative (8%) V02 peak after 

eight weeks of resistance training. Hagerman and colleagues (2000) examined the 

cardiovascular response of 18 men aged 60-75 years to a 16-week high-intensity 

resistance-training programme (6-8 repetitions; 3 sets/day; 2 days/wk). There was 

a significant increase in V0 2 peak (9%), time to exhaustion (9%) and leg strength 

(84%). Cardiac mass and volume remained unchanged suggesting the significant 

increase in V02 peak was not due to central adaptations but may have been due 

to peripheral adaptations in leg musculature (193). Although there was no 

significant increase in capillary density, there was a significant increase in muscle 

fiber CSA which may have masked an increase in capillary growth (193). Hepple et 

al. (1997) also found a significant increase in V02 peak (7.8%) without a significant 

increase in capillary density after nine weeks of resistance training (6-12 

repetitions/set at 60-80% of 1 RM; 3 sets/day; 3 days/week) men aged 68 ± 1.1 yr. 

While the capillary density did not significantly change, there was a significant 

increase in the capillary-to-fiber interface (CFPE). With respect to oxygen flux, 

CFPE has been shown to be the most crucial aspect of the capillary supply (226). 

Furthermore a significant relationship was found between the change in V02 peak 

and CFPE indicating that individuals with the greatest increase in the capillary 

supply also have the greatest increase in V02 peak. In contrast, capillary density 

was not significantly related to the change in V02 peak (225). The authors 
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concluded that in older individuals, resistance training of sufficient intensity may 

provide an "aerobic like" stimulus that results in aerobic like adaptations with 

respect to the adaptive process in the muscle (225). Although the increases in 

V0 2 peak after resistance training appear to be small and significantly less than 

the increases in V02 peak after aerobic training, these changes could assist older 

individuals to maintain a level of functional capacity to extend their period of 

independent living. Further research is needed to clarify the effect of resistance 

training on V02 peak in older individuals and to determine whether changes in 

V02 peak are due to central andlor peripheral adaptations and the time course of 

those changes. 

The present study measured V02 peak every four weeks during the 16 weeks of 

resistance training to determine the rate of increase in V02 peak and how the 

change in V02 peak may benefit the functional capacity in older individuals. 

Cardiac Output (0) 

To date we are unaware of any studies that have directly measured cardiac output 

after resistance training in older men, although a few studies have measured 

changes in cardiac structure following resistance training in older men (193, 220). 

Haykowsky et al. (2000) using a 2-dimensional echocardiogram, measured 

changes in cardiac structure (left ventricular cavity dimension, wall thickness and 

fractional shortening) at rest before and after 16 weeks training (3-10 repetitions; 3 

sets/day; 3 days/wk) in men aged 68 ± 3 yrs. Despite the resistance training 

resulting in a significant increase in leg strength (29%), there were no significant 

changes in left ventricular cavity dimension, wall thickness and fractional 

shortening. A change in cardiac morphology was not expected, as aerobic training 

studies of a similar duration and intensity have also reported no significant change 
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in left ventricular cavity dimension, wall thickness and fractional shortening in 

previously untrained older men (388, 488, 567). Contrary to these findings, 

aerobically trained masters athletes have been found to have significantly larger LV 

cavity size (-10%) and LV wall thickness (-20%) compared to their age-matched 

sedentary counterparts (19,160,488,545). To attain the increased LV size and LV 

mass, the aerobically trained masters athletes had to undertake long-term training 

(3 to 6 decades). Therefore, previously sedentary older individuals participating in a 

resistance-training programme of only weeks to months may require a longer 

training duration (>10 years) to induce changes in cardiac morphology. A review of 

resistance training and cardiac hypertrophy found that nearly 40% of all resistance

trained athletes had normal cardiac structure and that most changes in the LV are 

within the methodological error of M-mode echocardiography (221). Other factors 

such as the underlying use of anabolic steroids, the specific type of resistance 

training performed and the years of training may also affect any change in cardiac 

structure (222). 

To address the paucity of data examining the effect of resistance training on 

cardiac output in older individuals, the present study examined the relationship 

between 16 weeks of resistance training and cardiac output during sub-maximum 

exercise in older men. 
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Anabolic Hormones 

Aging is associated with a decline in muscle mass (for review see Deschenes 

2004) with subsequent decrements in muscular strength and functional capacity 

(443). With age, plasma concentrations of circulating anabolic hormones, in 

particular growth hormone (GH), insulin-like growth factor (IGF-1) and testosterone 

are also diminished (for review see Morley 2003). Lower amounts of circulating 

anabolic hormones are thought to playa role in the age-related decline in muscle 

mass, muscular strength and functional capacity (362, 389). Therefore to counter 

the age-associated decline in anabolic hormones, regular exercise has been 

suggested as a possible non-pharmacological intervention to elevate the level of 

circulating anabolic hormones in older individuals. The effect of resistance training 

on specific circulating anabolic hormones in older men will be examined on the 

following pages. 

Growth Hormone (GH) 

Resistance training has been shown to be a potent stimulus for an acute short-term 

« 60 min) increase in plasma GH concentration (80, 170, 200, 203, 297-299, 373, 

415, 416). The response of GH to resistance exercise is influenced by exercise 

duration, intensity, and volume. In particular, the volume and intensity of the 

resistance-training programme has been reported to have a significant effect on 

the increase in plasma GH concentration (297, 418, 535). Kraemer et al. (1999) 

compared the acute response (immediate post exercise) and chronic response 

(after 10 weeks training) of plasma GH concentration in young (30 ± 5.3 yr) and 

older (62 ± 3.2 yr) men after 10 weeks of periodized resistance training (3-6 sets of 

3-15 repetitions, three times per week). To measure the acute response of plasma 

GH concentration to a bout of resistance training, Kraemer et al. (1999) collected 

blood samples from an indwelling cannula pre-exercise, immediately post-exercise 
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and 5, 15, and 30 minutes post-exercise, before and after ten weeks of periodized 

resistance training. In response to the resistance training the younger men had 

significant increases in plasma GH concentration immediately post-exercise and 5, 

15, and 30 minutes post-exercise before and after the 10 weeks of training. The 

older men had no significant increase in plasma GH concentration in response to 

an acute bout of resistance training, before or after the ten weeks of periodized 

resistance training. This is in agreement with some (80, 373) but not others (204) 

who found that resistance training did not induce a significant GH response in older 

men. Hakkinen et al. (1998) found a significant increase in plasma GH 

concentration in response to a bout of resistance training in untrained older men 

(70 ± 3.7 yr), with the increase in plasma GH concentration significantly less than 

the increase in plasma GH concentration of younger men (26 ± 4.8 yr). The 

contrasting results may be in part due to differences in the resistance training 

programs. Several studies (204, 297, 301) have reported that the size of the GH 

response to a resistance training bout may be related to the volume of work done, 

the intensity of training and/or the type of exercises performed. The reduced 

plasma GH concentration of older men following a resistance training programme 

may, in part, explain the reduced hypertrophic response of older men compared to 

younger men (299). 

Studies investigating the effect of long-term resistance training on GH release in 

older men have shown that levels of resting plasma GH concentration are 

unchanged with resistance training (203, 299, 373, 415). Hakkinen et al. (2000) 

examined resting plasma GH concentrations in older men aged 72 ± 3 yr after 6 

months of resistance training (5-10 repetitions; 3-4 sets/day; 2 days/wk). Blood was 

taken from the antecubital vein of each subject after 12 hours of fasting and after 

approximately 8 hours of sleep (between 7:30 and 8:30 am) and repeated at 2, 4 

and 6 months. No significant change in resting plasma GH concentration was 

found at any time point during the 6 months of resistance training despite 

significant increases in muscular strength. These findings are consistent with other 
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studies involving older (299, 415) and younger (8, 80, 299) men where chronic 

resistance training has resulted in no significant change in resting plasma GH 

concentration. However caution with such an interpretation must be exercised as 

the use of a single venous blood sample for the assessment of resting plasma GH 

concentration may confound the results due to the pulsatile nature of GH secretion 

(561) 

While it appears that resistance training does not alter resting GH concentration 

after long-term resistance training in older men, it is unclear whether a single bout 

of resistance training can induce an acute increase in plasma GH concentration in 

older men. The present study measured resting plasma GH concentration before 

and after 16 weeks of resistance training to determine if there was a change in 

resting GH concentration in older men. Furthermore plasma GH concentration was 

measured before and immediately after a sub-maximum exercise test to determine 

if a single bout of exercise can induce an acute increase in plasma GH 

concentration. 

Insulin-like growth factor1 (IGF-1) 

There is increasing evidence that IGF-1 concentration may play an important role 

in exercise induced muscle hypertrophy and strength gains resulting from 

resistance training (for review see (205)). Kostka et al. (2003) examined the acute 

change in plasma IGF-1 concentration to a single bout of resistance training in 

older men and women (66-84 yr). There was no significant change in plasma IGF-1 

concentration immediate post exercise and 15 minutes post exercise. These 

results are not surprising as most studies have found that resistance training in 

older individuals does not significantly increase GH concentration (80, 373). An 

increase in GH concentration has been shown to increase hepatic production of 

IGF-1 and therefore plasma IGF-1 concentration (76). Furthermore, if an increase 
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in plasma IGF-1 concentration were to occur, 24 hours post exercise would have 

been the more appropriate time to sample venous blood, as plasma IGF-1 

concentration has been shown to be elevated at this time after GH injection (74). 

Borst et al. (2002) measured the change in plasma IGF-1 concentration 24 hours 

after a single bout of resistance training in older men and women (60-83 yr) before 

and after 6 months of resistance training (8 repetitions/set at 80% of 1 RM; 

1seVday; 3 days/week). Plasma IGF-1 concentration did not significantly change 

24 hr post exercise either before or after 6 months of resistance training (43). 

However, Hameed et al. (2004) reported that muscle IGF-1 concentrations 

increased in older men (74 ± 1 yr) after 12 weeks of resistance training (8-12 

repetitions/set at 80% of 1 RM; 3-5 seVday; 3 days/week), despite no significant 

change in plasma IGF-1 concentration. This suggests that plasma IGF-1 

concentration following resistance training may not be a valid marker of the activity 

of the GH/ IGF-1 system and that localized muscle IGF-1 concentration may be 

more important than plasma IGF-1 concentration in contributing to muscle 

hypertrophy with resistance training (547). 

What effect long-term resistance training has on resting plasma IGF-1 

concentrations in older men is unclear. Kraemer et al. (1999) examined the change 

in resting plasma IGF-1 concentration in young (29 ± 5.3 yrs.) and older men (62 ± 

3.2 yrs.) after 10 weeks of periodized strength training (3-10 repetitions/set; 4 

sets/day; 3 days/wk). No significant increases in resting plasma IGF-1 and GH 

concentration were found in either young or older men despite significant increases 

in muscular strength and muscle CSA in both the young and older men (299). 

Similarly Pyka et al. (1994) found no significant change in resting plasma IGF-1 

and GH concentration after 52 weeks of resistance training men aged 69 ± 1 yr. 

Others have found significant increases in resting plasma IGF-1 concentrations 

after long-term resistance training in older men and women (42, 477). Borst et al. 

(2001) investigated the effect of 25 weeks of resistance training (8-12 repetitions; 

1-3 sets/day; 3days/wk) on plasma IGF-1 concentration in 31 healthy men and 
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women aged 25-50 yrs. Resting concentrations of IGF-1 significantly increased 

(20%) during the first 13 weeks of the programme with no further increase in 

resting IGF-1 concentration for the remaining twelve weeks of the training 

programme. In a novel study, Singh and co-workers (1999) using muscle biopsies, 

examined changes in muscle fiber GSA, developmental myosin and muscle IGF-1 

concentration in 26 older men and women (72-98 yrs.) after 10 weeks of resistance 

training (8 repetitions/set; 3 sets/day; 3 days/wk). They found a significant increase 

in Type II muscle fibre GSA (10.1 ± 9.0%), a significant increase in developmental 

myosin (253 ± 120%) and a significant increase in muscle IGF-1 concentration 

(491 ± 137%). Muscular strength also significantly increased (257 ± 62%) with the 

highest gains in muscular strength associated with the greatest increases in Type II 

fibre GSA, developmental myosin and muscle IGF-1 concentrations. Unfortunately, 

a comparison between changes in plasma IGF-1 and muscle IGF-1 concentration 

was not possible as no blood samples were taken. The significantly high increase 

in muscle IGF-1 concentration (491 ± 137%) lends some measure of support to the 

suggestion that IGF-1 may operate in an autocrine/paracrine fashion with localised 

muscle damage synthesising and secreting IGF-1 to regulate muscle growth (6). 

In conclusion, recent results suggest that resistance training may provide a 

stimulus to increase muscular IGF-1 concentrations in older individuals. Further 

study is needed to determine the long-term effect of resistance training on the 

concentration of IGF-1 in muscle. What role plasma IGF-1 has in maintaining 

muscle mass and in promoting muscle hypertrophy in older individuals is unclear. 

The present study measured resting plasma IGF-1 concentration before and after 

16 weeks of resistance training to determine if there was a change in resting GH 

concentration in older men. Furthermore plasma IGF-1 concentration was 

measured before and immediately after a sub-maximum exercise test to determine 

if a single bout of exercise can induce an acute increase in plasma IGF-1 

concentration. 
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Testosterone 

Most (80, 200, 203, 297-299) but not all (375) studies have reported that an acute 

bout of resistance training produces a significant increase in plasma testosterone 

concentration in men. Some studies have suggested changes in plasma volume 

and/or a reduction in clearance rates as being responsible for the significantly 

elevated plasma testosterone concentrations after resistance exercise (301). 

However it has been hypothesised that, regardless of the mechanism(s) of 

testosterone increase, the target tissues are exposed to increased plasma 

testosterone concentration and therefore few studies make corrections for changes 

in plasma volume (301, 526). The increase in plasma testosterone concentration is 

only transient, returning to resting concentrations within approximately two hours 

after the resistance-training bout (297). This may, in part, be due to plasma volume 

and hepatic blood flow returning to pre-exercise levels (397). The magnitude of 

change in plasma testosterone concentration appears to be related to the 

resistance training intensity and the total volume of work done during the 

resistance-training programme (170, 201). 

McCall et al. (1999) examined the change in plasma testosterone concentration in 

untrained men aged 18-25 yrs after a single bout of resistance exercise (3 sets of 

10 repetitions). Although a significant increase in plasma testosterone 

concentration was found during (21%) and immediately after (7%) the resistance 

training, when plasma testosterone concentration was corrected for changes in 

plasma volume no significant changes in plasma testosterone concentration was 

found. Kraemer et al. (1999) compared the acute response of plasma testosterone 

concentration to a single bout of resistance exercise in young (30 ± 5.3 yr) and 

older (62 ± 3.2 yr) men before and after 10 weeks of periodized resistance training 

(3-6 sets of 3-15 repetitions, three times per week). Blood samples were collected 

from an indwelling cannula pre-exercise, immediately post-exercise and 5, 15, and 

30 minutes post-exercise. Plasma volume was not measured during the study. 

Plasma free and total testosterone concentration significantly (p ~ 0.05) increased 
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immediately post-exercise and 5, 15, and 30 minutes post-exercise for the younger 

and older men before and after the 10 weeks of resistance training. However the 

increase in plasma testosterone concentration was significantly lower in older men 

compared to younger men. A reduced capacity to increase testosterone 

concentration was also reported by Hakkinen et al. (1998). When the relative 

training load and intensity were similar for young (27 ± 5 yrs) and older subjects (70 

± 4 yrs), the exercise-induced response in free testosterone and plasma 

testosterone concentration was significantly lower in the older men. A notable 

finding by Kraemer et al. (1999) was the significant (p s 0.05) increase in plasma 

total testosterone concentration at 5 and 30 minutes post exercise when compared 

to pre-training plasma total testosterone concentration. The authors were unsure 

about the exact reasons and the physiological mechanisms mediating the increase 

in plasma testosterone at only 5 and 30 minutes post exercise. They did however 

suggest that the increases in plasma testosterone may have contributed to the 

significant increases in muscle mass (5.9 ± 2.9%) and muscular strength (15 ± 

4.1%) they observed in the study. 

The majority of longitudinal studies of young and older men have found that resting 

plasma testosterone concentrations do not change as a result of resistance training 

(80, 200, 203, 204, 297, 299). An exception to these findings is reported by 

Hakkinen et al. (1988) who found significant increases (27%) in resting plasma 

testosterone concentration in young elite male weight lifters who had trained for a 

prolonged period of time (> 2 yrs.). 

In conclusion, it appears that older men have a reduced ability to increase 

testosterone concentration in response to resistance training. Whether this reduced 

ability to increase testosterone concentration affects the ability of older men to 

increase muscle hypertrophy is yet to be determined. There is emerging evidence 

that trained older men utilising periodised resistance training may increase their 

plasma testosterone concentration in response to the resistance training stimulus. 
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The present study measured plasma testosterone concentration and sex-hormone 

binding globulin (SHBG) concentration and then calculated free testosterone 

before and after 16 weeks of resistance training to determine if there was a change 

in resting testosterone, SHBG and free testosterone concentration in older men. 

Plasma testosterone concentration, SHBG concentration and free testosterone 

concentration were also measured during sub-maximum aerobic exercise before 

and after 16 weeks of resistance training to determine if there is an increase in 

plasma testosterone and free testosterone concentration in response to an 

exercise stimulus in older men. 
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THE EFFECT OF CHRONIC AEROBIC TRAINING ON OLDER 

MEN 

Body Composition 

A change in body composition associated with chronic aerobic training in older 

men has been detailed elsewhere (for review see Taylor (2004)) and is reflected in 

changes in body mass, percent fat and increases in fat-free mass (FFM). The 

majority of studies have reported reductions in body mass, percent body fat, and 

increases in FFM in older men after chronic aerobic training. (14, 65, 473, 544). 

However, other studies have reported no change in percent body fat or FFM (425, 

462) or even an increase in percent body fat despite chronic aerobic training (401, 

402, 525). The disparity in reported changes in percent body fat and FFM among 

studies may be due to different aerobic exercise prescriptions and/or the 

techniques used to measure body composition. Pollock and colleagues (1997) 

reported an increase in body fat over a twenty-year period with aerobically trained 

masters athletes. The master's athletes maintained a training intensity of 60-80% 

HR reserve with at least one interval sessions per week (:>: 85% HR reserve) and 

maintained elite athletic status by placing first, second or third in national or 

international age-group championships. Despite these athletes maintaining the 

intensity of their training, body fat significantly increased and FFM significantly 

decreased after ten yrs (2.5 ± 1% and 2.5 ± 2% respectively) and again after 

twenty yrs (2.7 ± 1.2% and1.4 ± 1.1% respectively) (402). Trappe et al. (1996) also 

found a significant increase in percent body fat (10.5 ± 0.3 vs 19.6 ± 0.3) and 

significant decrease in FFM (59.1 ± 0.9 vs 55.9 ± 1.4) after 22 years in former elite 

distance runners who maintained a high level of aerobic training. The studies by 

Pollock et al. (1997) and Trappe et al. (1996) suggests that chronic aerobic training 

attenuates, but does not prevent the age-related increase in body fal. However the 

percent body fat of aerobically trained older men has been found to be significantly 
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lower than age-matched sedentary men (20-24% body fat) and comparable to 

sedentary young men (14-17% body fat) (402, 525). 

While the exercise prescription, methods of measuring body fat and baseline 

values vary among different investigations, the majority of aerobic training studies 

in older individuals have reported a 1-4% reduction in percent body fat (4). Evans 

et al. (2005) examined the effect of 10 -12 months of aerobic training (2.5 

sessions/week, 58 min/session at 83% of peak HR) in 10 men and women aged 

77- 87 yrs. Using dual-energy X-ray absorptiometry, percent body fat significantly 

(p < .007) decreased from 24.0 ± 0.1 % to 21.8 ± 0.1% after the training period. Fat 

mass significantly (p < .003) decreased by 1.8 ± 1.4 kg, although no significant 

change in FFM was found (122). 

Associated with the reduction in body fat are lower triglyceride and low-density 

lipoprotein levels and elevated high-density lipoprotein levels (166). Furthermore, 

several studies have found a preferential loss of abdominal fat with aerobic training 

(287,408,464). Schwartz et al. (1991) reported that intra-abdominal fat decreased 

by 25% in older men who had lost 2.5kg of body mass following 26 weeks of 

aerobic training. More recently, Short et al. (2003) also reported significant (p < .05) 

changes in abdominal fat in 65 men and women aged 21-87 years after 16 weeks 

of aerobic training (70-80% of HRmax, three times/wk, for 20-40 mins). Computed 

tomography scans revealed significant (p < .05) decreases in visceral (133 ± 11 vs 

124 ± 11 cm2
) and subcutaneous (185 ± 9 vs 174 ± 10 cm2

) abdominal fat after the 

16 weeks of training, although there was no significant change in total percent 

body fat. That regular aerobic type exercise can decrease abdominal fat in older 

men is significant, as intra-abdominal fat which increases with age is associated 

with life threatening diseases such as diabetes, heart disease, and cancer (4). 

While producing significant increases in "cardiovascular fitness" and reductions in 

body fat, chronic aerobic training does not prevent the age-related decline in 

muscle mass. The muscle mass of older aerobically trained athletes is reported to 

be significantly less than that of young aerobically trained athletes and not 
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significantly different from sedentary age-matched men (473, 556). Unfortunately 

muscle mass is seldom measured or reported following aerobic training in older 

men. A study by Morio et al. (2000) using magnetic resonance imaging reported 

that after 14 weeks of aerobic training (20 -30 mins of interval training, three 

times/wk) there was no significant (p < .05) increase in mean thigh muscle volume 

of men and women aged 63 ± 3 yrs. Similarly, Pollock and colleagues (1997) 

demonstrated that vigorous aerobic training over a 20-year period failed to 

attenuate the age-related loss of muscle mass. Cross-sectional studies (210, 283) 

have also reported that the muscle mass of older men who have aerobically trained 

for several years was not significantly different from sedentary men of a similar 

age. 

While it appears that aerobic training reduces percent body fat in older individuals, 

further research is required to determine the changes in regional body fal. 

Furthermore, there is a lack of data as to what effect aerobic training has on the 

muscle mass of older individuals. To clarify the changes in body composition of 

older individuals after a period of aerobic training, the present study used dual

energy X-ray absorptiometry (DEXA) to measured percent body fat, abdominal fat 

and leg lean mass (LLM) after 16 weeks of aerobic training. 

Muscular Strength 

Few studies have reported changes in muscular strength in older individuals after 

chronic aerobic training. Hagberg and colleagues (1989) examined the effects of 6 

months of aerobic training (40 mins at 75-85% of V02 max, three times/wk) in 70-

79 year old men and despite a 22% increase in V0 2 max, there was no significant 

change in upper and lower body muscular strength as assessed by 1 RM. Similar 

results were reported by Widrick et al. (1996) who examined gastrocnemius fibers 

from six aerobically trained masters athletes (V02 max of 58 ± 2 ml .kg·' .min·' ) and 
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five age-matched sedentary (V02 max of 30 ± 2 ml .kg-'.min-') men. The muscle 

fibers from the aerobically trained men were significantly smaller in diameter 

compared to the sedentary men and as a result, peak isomeric force was 

significantly reduced in Type I (13%) and II (27%) muscle fibers (562), The 

significant difference in peak isometric force disappeared when force output was 

calculated relative to fiber diameter. 

In contrast, some studies have shown that chronic aerobic training can increase 

muscular strength in older trained men when compared to older untrained men (9, 

480). A comparison of aerobically trained men aged 62 ± 2 years (average 7-9 

h/wk of aerobic activity for 10-12 years) with age-matched untrained men reported 

that the aerobically trained men had a significantly greater force per muscle cross

sectional area of the plantar flexor muscle than the age-matched untrained men 

(9). However, Harridge and co-workers (1997) reported that the plantar flexor and 

knee extensors of older aerobically trained men (70-100 years) were not 

significantly different from aged matched untrained men despite a high level of 

physical activity as evident by above average V02 max levels. Harridge et al. 

(1997) suggested that aerobic training was of little value in maintaining muscular 

strength and speed of contraction. The difference in muscular strength between 

studies by Always et al. (1996) and Harridge et al. (1997) could have been due to 

the range of ages (70 -100 yrs) of the group used by Harridge et al. (1997). The 

very old (+80 yrs) have an accelerated loss of muscular strength, and the low 

exercise intensity of aerobic training may have been insufficient to attenuate the 

age-associated loss of muscular strength. The loss of muscular strength with age 

is clearly evident in the investigation by Pollock and colleagues (1997). During a 

longitudinal investigation, leg strength was well maintained in aerobic athletes over 

a twenty-year period until the age of 85 years. After 85 years of age there was a 

significant reduction in leg strength as assessed by 1 RM. Although the literature is 

not clear on whether short-term aerobic training can increase the muscular 
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strength of older individuals, aerobic training does appear to attenuate the loss of 

muscular strength with age until approximately 85 years of age. 

The present study measured muscular strength every four weeks during the 16 

weeks of aerobic training to determine if aerobic training can increase muscular 

strength in older individuals. 

Muscular Power and Rate of Force Development 

The loss of muscular power with age has severe functional consequences (146). 

For older individuals these functional consequences include a reduced capacity to 

rise from a chair, climb stairs, walking and preventing falls. To dato, the effect of 

chronic aerobic training on muscular power in older individuals is not well reported. 

Using the vertical jump to assess muscular power, Grassi et al. (1991) found that 

the maximum power and maximum power expressed per kilogram of body weight 

was similar in chronic aerobically trained older men and sedentary men of a similar 

age. Earles et al. (2001) compared the change in muscular power of men and 

women aged 70 ± 5 yrs after 12 weeks of training in a resistance training group 

(high velocity leg exercises three times/wk) and an aerobic training group (30 mins 

at 50-70% HR max, six times/wk). Leg extensor power significantly increased in 

the resistance training group, but did not significantly change in the aerobic training 

group (111). 

What evidence is available would suggest that aerobic training does not attenuate 

the loss of muscular power or rate of force development in older individuals. The 

present study attempted to resolve this matter by measuring muscular power and 

the rate of force development after 16 weeks of aerobic training in older men. 
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Peak Oxygen Consumption (V02 peak) 

Older individuals, who have engaged in chronic aerobic training, have consistently 

demonstrated a higher V02 peak than age-matched, untrained individuals (19, 

160,163,189,190,377,380,402,435,466,467,509, 510) (for reviews see (247, 

510, 511)}. Most longitudinal aerobic training studies of older individuals have 

shown a significant increase in V02 peak. Details of those aerobic training studies 

are summarized and presented in Table 2. 

The results of the studies presented in Table 2 show that aerobic training programs 

of between 8 and 52 weeks duration will result in a significant increase in V02 

peak for older individuals. Interestingly, aerobic training studies undertaken prior to 

1970 failed to show significant increases in V02 peak. Benestad (1965) found no 

significant change in V02 peak following 6 weeks of walking training in a group of 

men aged 60 to 71 yr. Likewise, DeVries (1970) reported a modest, but non 

significant increase in predicted V02 peak for a group of men (n = 112; 52-88 yr) 

who ran three times per week for 42 weeks. 

Studies completed after 1970, increasingly reported that older individuals 

undertaking periods of aerobic training significantly increased V02 peak. Buccola 

& Stone (1975) reported a significant increase in the predicted V02 peak 

(Astrand-Rythming nomogram) in a group of men aged 60-79 yr, following 16 

weeks of walking, jogging or cycling three time per week (52). Seals et al. (1984) 

compared the aerobic training adaptations to high and low intensity exercise in a 

group of previously sedentary individuals aged over 60 yr. Six months of 

unsupervised low intensity exercise (20 to 30 minutes walking at least 3 times per 

week at a HR less than 120 beats· min") resulted in a 12% increase in V02 peak. 

A further 6 months of supervised high intensity aerobic training (30 to 45 minutes 

walking, jogging or cycling at least 3 times per week at 75% heart rate reserve 

HRR)) resulted in a further 18% increase in V02 peak (467). Hagberg and co

workers (1989) also reported significant increases in V02 peak following low and 

high intensity aerobic training programmes. Male and female participants aged 
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between 70 and 79 yr had a 16% increase in V02 peak following a 13 week 

endurance training programme of running and cycling at 60% HRR. A subsequent 

13 week aerobic training programme undertaken at 80-85% HRR resulted in an 

additional 5% increase in V02 peak. Large increases in V02 peak for older 

individuals have been reported following high intensity aerobic training 

programmes (see Table 2.). Markides et al. (1990) trained 12 previously sedentary 

old (60-70 yr) and young (20-30 yr) subjects for 12 weeks. Aerobic training intensity 

started at 45% V02 peak in the first week of training and progressed to 85% V02 

peak in the final weeks of training. Old and young participants had significant 

increases in V02 peak of 38% and 29% respectively. 

While intensity is an important factor when prescribing exercise to increase V02 

peak in older individuals, some studies have indicated that adaptations to aerobic 

training in older individuals may be independent of training intensity and related to 

the total work done (17, 29,159). Badenhop et al. (1983) found that nine weeks of 

aerobic training in two groups that trained using either high (60-75% HR peak) or 

low (30-45% HR peak) intensity exercise resulted in similar and significant 

increases (p< 0.05) in maximum power, VE , V02 • More recently Gass et al. (2004) 

demonstrated similar and significant increases in peak V02 , power and HR after 

12 weeks of aerobic training at either 50% or 70% of V02 peak. Both training 

groups completed a similar total amount of work over the 12 weeks of training and 

it was therefore hypothesised that total amount of work achieved during a training 

programme may be a key factor in the results obtained i.e. improvement in V02 

peak (159). 

Cross-sectional aerobic training studies of older individuals have also shown 

significantly higher V02 peak values for long-term aerobically trained individuals 

compared to untrained individuals of a similar age. Baldi and colleagues (2003) 

compared V02 peak in groups of trained and untrained older men aged 60-80 

years. Peak oxygen uptake was significantly higher for trained, compared to 

untrained, older men (3.5 ± 0.5 vs. 2.3 ± 0.4 L ·mh' respectively). Other cross-
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sectional studies (517) comparing masters athletes with untrained older individuals, 

have reported similar results to Baldi et al. (2003). Gates and colleagues (2003) 

compared V02 peak between a group of long-term aerobically trained men (68 ± 

2 yr) and a group of untrained men (65 ± 2 yr). The V02 peak for the untrained 

group (29 ± 3 ml ·kg·'·min·') was 27% lower than that of the trained group (37 ± 2 

ml.kg·'.min·'). 

While aerobic training in previously sedentary older individuals appears to 

significantly increase V02 peak, aerobic training in chronically trained older 

individuals does not stop the age-associated decline in V02 peak. Pimental et al. 

(2003) examined the decline in V02 peak using a cross-sectional study involving 

153 men aged 20-75 yr (64 sedentary and 89 aerobically trained). The rate of 

decline in V02 peak with age was significantly greater (p< 0.001) in the aerobically 

trained group (-5.4 ml .kg·'.min·'.decade·') than in the sedentary men (-3.9 ml ·kg· 

'.min·'.decade·'). Peak V02 declined linearly across the age range in the 

sedentary men but was maintained in the aerobically trained men until 

approximately 50 yr of age. The accelerated decline in V02 peak after 50 yr of 

age was related to a decline in training volume and was associated with an 

increase in 10-km running time (396). A recent review by Tanaka and Seals (2003) 

also found that the decline in V02 peak was greater in Masters athletes than in 

their sedentary counterparts. The greater decline in V02 peak was most likely due 

to a decline in the "exercise training stimulus". These data indicated that weekly 

running mileage, frequency, and training speed all declined significantly with age 

and these declines were associated with the corresponding decline in V02 peak 

(510). However Tanaka and colleagues (2003) did point out that although the 

decline in V02 peak with age is greater in aerobically trained vs. sedentary adults, 

the aerobically trained individuals possess higher absolute levels of V02 peak. 

The present study measured V02 peak every four weeks during the 16 weeks of 

aerobic training to determine the rate of increase in V0 2 peak and assess how the 

changes in V02 peak may benefit the functional capacity of older individuals. 
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Cardiac Output (Q) 

Most (116, 333, 491, 500) but not all (467) studies show the primary mechanism 

for the increase in va, max from aerobic training in older men is an increase in 

6. Makrides et a!. (1990) reported that a 38% increase in va, max following 12 

weeks of aerobic training was primarily the result of an increase in peak 6 (30%) 

and a smaller increase in a- y a, difference (6%). Upon further examination the 

increase in peak 6 was found to be due to an increase in peak SV (20%) and 

peak HR (7%) and on the evidence available, the increase in stroke volume could 

result either from an increase in diastolic function (filling, relaxation times/ 

hypertrophy) and/or systolic function (pressure/contractility, neural/receptor 

function). The evidence that the older person can attenuate the decline in early to 

late phase of diastolic filling is equivocal (19, 108, 144,508). Aerobic training has 

been reported to increase filling rates during diastole, and that following aerobic 

training, the relationship between the early and late phases of diastole may shift in 

favour of the early phase diastolic filling (108, 508). Using Tissue Doppler Imaging, 

Baldi et a!. (2003) found that early diastolic filling was not affected by aerobic 

training in older men. However they did report that increased late diastolic filling, a 

normal compensatory adaptation in older men to increase end-diastolic volume, is 

augmented by aerobic training (19). In contrast Nottin et a!. (2004) reported that 

aerobically trained master athletes (58 ± 4 yrs) who trained 8-15 hours per week for 

the last 22 ± 5 yrs had significantly increased early diastolic filling compared to 

sedentary men of a similar age (56 ± 4 yrs). The increase in early diastolic filling 

occurred despite the inability of the aerobically trained men to attenuate the age

related decline in left ventricular relaxation properties. The authors hypothesised 

that the increased early diastolic filling was due to an increased preload as a result 

of plasma volume expansion in the master athletes (376). An expanded plasma 

and total blood volume may possibly contribute to the training-induced increase in 

left ventricular. end-diastolic volume and stoke volume seen in aerobically trained 

older men, although there is conflicting evidence as to whether aerobic training 
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increases plasma volume in older men (60, 189, 380). Hagberg et al. (1998) 

showed that total blood volumes were 15-20% larger in master athletes compared 

with age-matched sedentary men. However Okazaki et al. (2002) found no 

significant increase in blood volume in older men (64 ± 1 yrs) after 18 weeks of 

aerobic training (50-80% of V02 peak; 60 min/day, 3 days/wk). 

While the literature is unclear as to whether aerobic training can prevent the age

associated impairment of early diastolic function, some studies have found 

significant changes in systolic function in older aerobically trained men (19, 115, 

492) Ehsani et al. (1991) reported that peak ejection fraction (EF) was significantly 

increased following aerobic training in older men independent of an increased 

afterload. An increase in EF without a concomitant increase in afterload is 

characteristic of an increase in myocardial contractility, suggesting that aerobic 

training increased myocardial contractility in older men. To determine if the 

increase in myocardial contractility was mediated by enhanced response to 13-

adrenergic stimulation, left ventricular reserve and Q were assessed during 

V02 max with and without J3-adrenergic blockade, before and after 9 months of 

aerobic training in men aged 65 ± 1 yrs (492). Aerobic training resulted in 

significant increases in V0 2 max, Q and SV. However, the increases in maximum 

Q and SV were abolished following the administration of the J3-adrenergic 

blockade. These results suggest that in older men one of the underlying 

mechanisms responsible for the adaptive increase in LV systolic function in 

response to aerobic training is an enhanced inotropic sensitivity to catecholamines. 

While most studies (19, 333, 376, 488) report that increases in V02 max after 

aerobic training in older individuals is primarily the result of increases in Q, Seals 

et al. (1984) reported that the increase in V0 2 max (30%) following 12 months of 

aerobic training in older men and women (63 ± 2 yrs) was mediated primarily 

through an increase in maximum a- V02 difference with little increase in maximum 

Q. The difference in the mechanisms underlying the increase in V02 max 

between the studies by Makrides et al. (1990) and Spina et al. (1993) and Seals et 
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al. (1984) may have been due to the method used to determine peak 6. Seals and 

colleagues (1984) estimated peak 6 by multiplying the sub-maximum exercise SV 

(determined at 50, 60, and 70% of V02 max) by the peak heart rate. This method 

assumes a plateau in SV during upright incremental exercise. However studies 

have found that in some older subjects SV does not plateau, but continues to rise 

until V02 max is achieved (264, 430). Therefore, Seals et al. (1984) may have 

underestimated 6 peak and over estimated the peak a- V O2 differences thereby 

explaining the different results. Furthermore, both male and female subjects were 

used to determine 6 peak and peak a-V O2 difference, which may have further 

confounded results. Spina et al. (1993) reported that the 22% increase in V02 

max by older females was primarily the result of an increase in maximum a- V O2 

difference (15%) with no significant change in 6, SVor HR. Several authors (353, 

488, 491) have suggested that gender differences observed in cardiovascular 

responses to aerobic training may be due, in part, to an oestrogen deficiency 

associated with menopause. Recent evidence (272) has suggested that the 

deficiency in oestrogen associated with menopause may not be responsible for the 

lack of central adaptations to aerobic training in older women. Rather, the 

improvements in V02 max in older women with aerobic training may be due to 

improved peripheral vascular and cellular mechanisms, which are reflected in an 

increase in the a-V O2 difference. 

The present study used the acetylene rebreathing method to estimate cardiac 

output and determine changes in stroke volume in older men after 16 weeks of 

aerobic training. 
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Anabolic Hormones 

Men and women experience significant changes in hormonal function during the 

aging process (207). Decreasing concentrations of anabolic hormones are 

associated with musculoskeletal atrophy and a decrease in functional capacity in 

older individuals. As a result, of the musculoskeletal atrophy and decrease in 

functional capacity, there has been an increase in the use of pharmacological 

hormone therapies to improve the "quality of life" in older individuals (266). It is 

difficult to distinguish however, between physiological changes that are truly age 

related and those physiological changes that are associated with lifestyle factors 

such as physical inactivity. Some research has shown that circulating 

concentrations of anabolic hormones such as growth hormone (GH), insulin-like 

growth factor-1 (lGF-I) and testosterone in older men are related to increased 

levels of physical activity, muscle function, and aerobic power (227, 309). 

Therefore to counter the age-associated decline in anabolic hormones, regular 

exercise has been suggested as a possible non-pharmacological intervention to 

elevate the concentration of circulating anabolic hormones in older individuals. The 

effect of aerobic training on circulating anabolic hormones will be discussed in the 

following pages. 

Growth Hormone (GH) 

Plasma GH concentration has been shown to increase significantly in response to 

acute aerobic exercise. The response of plasma GH to acute aerobic exercise is 

dependent upon the nature, duration, and intensity of exercise, age, gender, and 

nutritional and training status of the individual (433, 497). Exercise intensity 

appears to be the main contributor to the increase in plasma GH concentration 
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during bouts of aerobic exercise (133, 326, 411, 553). Luger and colleagues (1992) 

found that in trained and untrained men aged 18-35 yrs, a clear threshold for an 

increase in GH concentration was evident at 50% of V02 max with the maximum 

GH response attained at approximately 70% V0 2 max. They hypothesised that 

the increase in lactate concentration after 50% of V0 2 max may playa role in the 

increase in plasma GH concentration (326). However, Pritzlaff et al. (1999) found 

plasma GH concentration increased in a linear manner with increasing exercise 

intensity in sedentary men (26 ± 1.1yrs.) who exercised at five different exercise 

intensities above and below the lactate threshold (0.25LT, 0.75LT, LT, 1.25LT, 

1. 75L T) Lactate threshold was determined by taking blood samples from an 

indwelling cannula 15 seconds from the end of each three minute stage during an 

incremental exercise test to volitional exhaustion. They concluded that the 

relationship between plasma GH concentration and exercise intensity is best 

represented in a linear dose-response rather than a threshold response at 50% 

V0 2 max as reported by Luger et al. (1992) (411). Pritzlaff et al. (1999) also 

suggested that the GH response during exercise was strongly related to the 

increase in plasma catecholamine concentration with increasing exercise intensity. 

In contrast to younger individuals, the plasma GH response to exercise intensity in 

older men and women is reduced (554, 561). In older, as in younger men, Weltman 

et aI., (2003) found the plasma GH response to exercise was related to exercise 

intensity in a linear dose response pattern. However, in older men, the plasma GH 

response during exercise was approximately four times lower than in younger men 

(554). While the plasma GH response to exercise intensity in older men and 

women is reduced, the present literature is unclear as to what effect aerobic 

training has on the plasma GH response to exercise intensity. Furthermore the 

effect of long-term aerobic training on resting GH concentration in older men is also 

unclear. Hurel and colleagues (1999) compared plasma GH concentrations in 10 

sedentary and 10 aerobically trained (running> 40 miles per week) men aged 55-

65 yrs before and after maximum exercise. The aerobically trained older men had 
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significantly higher resting plasma GH concentrations although no significant 

difference in plasma GH concentration was found at maximum exercise between 

the two groups. In contrast, Silverman and co-workers (1996) reported that older 

aerobically trained men aged 65 ± 2 yrs had similar resting plasma GH 

concentrations as sedentary age-matched men but the plasma GH concentration 

during sub-maximum (lactate threshold) and maximum exercise was significantly 

higher in the group of trained individuals. Other studies (102, 573) comparing 

aerobically trained and untrained middle-aged (42 ± 2.4 yrs) and older (62 ± 3.1 

yrs) men have found no significant difference in resting plasma GH concentration 

or the plasma GH response to maximum exercise. 

In summary, it is unclear as to what effect aerobic training has on resting plasma 

GH concentration in older men. Further research is also needed to determine what 

effect long-term aerobic training has on the response of plasma GH concentration 

to a bout of aerobic exercise in older men. To clarify the effects of aerobic training 

on plasma GH concentration in older men, the present study measured resting 

plasma GH concentration of older men before and after 16 weeks of aerobic 

training. Furthermore plasma GH concentration was measured during a bout of 

sub-maximum aerobic exercise before and after 16 weeks of aerobic training. 

Insulin-like growth factor1 (IGF-1) 

The effect of aerobic training on resting IGF-1 concentration in older men has also 

produced contrasting results. Poehlman and Copeland (1990) reported that in 

young (26-36 yrs) and older (59-76 yrs) men lower resting plasma IGF-1 

concentrations were related to lower levels of physical activity and lower VO 2 

max. Others have found no relationship between resting plasma IGF-1 

concentration and level of physical activity and V02 max in older men (219, 278). 

To examine the effect of long-term aerobic training on circulating resting plasma 

IGF-1 concentration in older men, Horber and colleagues (1996) compared resting 
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plasma IGF-1 concentrations in 14 aerobically trained (> 10 years training; > 

30km/wk) older men (67 ± 1 yrs) with 14 age-matched sedentary men. The 

aerobically trained older men had significantly higher resting plasma IGF-1 

concentrations than their sedentary counterparts, although the resting plasma IGF-

1 concentrations in the older trained men were still lower than a group of untrained 

younger (31 ± 2.1 yrs) men. Similarly, Tissandier et al. (1996) found that long-term 

(> 15 years training) aerobically trained men aged 58-77 yrs had significantly 

higher resting plasma IGF-1 concentrations (192.1 ± 40 ng .mr1
) compared to their 

sedentary counterparts (132.8 ± 31 ng .mr1
). However, Cooper et al. (1998) found 

no significant difference in resting plasma IGF-1 concentration in 15 Masters 

runners aged 60-70 years compared to 15 sedentary men of a similar age. The 

Masters runners had significantly higher V02 max (41.4 ± 1.6 vs 27.3 ± 1.4 ml·kg· 

1.min·1) and lower percent body fat (14.6 ± 3.7% vs 23.9 ± 3.2%) than their 

sedentary counterparts. Similarly, Deuschle et al. (1998) found no significant 

difference in resting plasma IGF-1 concentration in 11 male marathon runners 

aged 50-78 years when compared to untrained men of similar age. 

There is also conflicting evidence from cross-sectional studies as to whether 

aerobic training can increase resting plasma IGF- 1 concentration in older men. 

Poehlman and colleagues (1994) trained 10 men aged 66 ± 1.4 yrs three times a 

week at 60-75% of V0 2 peak for eight weeks. A significant increase in V0 2 max 

(14%) was accompanied by a significant increase (19%) in resting plasma IGF-1 

concentration. There was also a significant correlation (r = 0.79, P < .02) between 

changes in V02 max and changes in resting plasma IGF-1 concentration as a 

result of the eight-week training programme. In contrast, other stUdies have found 

no significant increase in resting plasma IGF-1 concentration in young or older men 

after a period of aerobic training (437, 544). Vitiello and et al. (1997) trained 15 

men aged 69 ± 1.3 yr five times per week at an intensity of 80-85% of heart rate 

reserve for 40-45 mins over six months. Despite a significant increase in V02 max 

(22%), significant decreases in body weight (3%), fat mass (12%) and waist-to-hip 
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ratio (1%), there was no significant change in resting plasma IGF-1 concentration 

of the older men after the six months of aerobic training (544). It is unclear why 

some studies have found increases in resting plasma IGF-1 concentration in older 

men in response to aerobic training while others have not. Factors such as IGF-1 

binding protein (IGFBP) concentration, dietary intake, body composition, insulin 

concentration and sex hormone status may have been factors that confounded the 

results (32). 

The response of plasma IGF-1 concentration to an acute bout of aerobic exercise 

is also unclear. Schwarz et al. (1996) examined the change in plasma IGF-1 

concentration after 10 minutes of low intensity (80% of lactate threshold (L T)) and 

1 0 minutes of high intensity (50% of the difference between L T and V0 2 max) 

cycle ergometry in ten untrained men aged 20-34 yrs. The order of exercise testing 

was determined randomly with a week separating test sessions. Plasma IGF-1 

concentration significantly increased from baseline values immediately post 

exercise in the low (7.7 ± 2.7%) and high intensity groups (13.3 ± 3.2%), although 

there was no significant difference between the increase in plasma IGF-1 

concentration of the exercise groups. The increase in plasma IGF-1 concentration 

was thought to be due to a significant increase in plasma IGFBP proteolytic activity 

found in the low (12.5 ± 3.3%) and high intensity groups (23 ± 6%). The increase in 

proteolysis of the IGFBP could lead to increased concentrations of plasma IGF-1. 

The increase in plasma IGF-1 concentration appeared to be unrelated to the 

change in growth hormone concentration as it peaked ten minutes after each 

exercise bout (465). More recently Kraemer et al. (2004) reported that plasma IGF-

1 concentration did not significantly change during a progressive intermittent 

exercise test. Six aerobically trained (V02 max of 61.8 ± 2.6 ml .kg·' .min") men (28 

± 3.2 yr) completed a treadmill protocol consisting of ten mins at 60% and 75% of 

V02 max, five mins at 90% of V0 2 max, and two mins at 100% of V0 2 max. 

Blood was sampled during the four mins of walking recovery between exercise 

intensities. Despite a significant increase in growth hormone at 75% of V0 2 max 
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and peaking at 100% of V02 max, there was no significant change in plasma IGF-

1 concentration and plasma IGFBP concentration (294). The immediate response 

of plasma IGF-1 concentration during a bout of aerobic exercise in older individuals 

is not well reported. Hagberg et al. (1988) examined the change in plasma IGF-1 

concentration of younger (25 ± 5 yr) and older (65 ± 4 yrs) trained and untrained 

men after 60 minutes of continuous cycling at 70% of V02 max. Venous blood was 

sampled immediately after the 60 minutes of cycling and ten minutes post exercise. 

Plasma IGF-1 concentration did not significantly change from the baseline values 

compared to after 60 minutes of cycling and ten minutes post exercise for the 

trained and untrained groups of older and younger men (192). 

In conclusion, the immediate response of plasma IGF-1 concentration to aerobic 

exercise in older trained and untrained men clearly requires further investigation. 

There appears to no clear consensus as to the effect of long-term aerobic training 

on resting plasma IGF-1 concentrations in older men. The present study attempted 

to resolve this lack of consensus by measuring resting plasma IGF-1 concentration 

in older men before and after 16 weeks of aerobic training. Furthermore plasma 

IGF-1 concentration was also measured during a bout of sub-maximum aerobic 

exercise before and after 16 weeks of aerobic training 
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Testosterone 

Plasma testosterone concentration has been shown to significantly increase in 

response to an acute bout of aerobic exercise « 90 minutes) in older men (128, 

179, 403, 576). However it is unclear whether the increase in plasma testosterone 

concentration is due to hemoconcentration, reduced metabolic clearance and/or 

possibly a hormone-mediated increase in testicular production (184). The change 

in plasma testosterone concentration in response to aerobic exercise is variable, 

and may be related to the intensity, duration and mode of exercise (185). Zmuda et 

al. (1996) examined the change in plasma testosterone concentration in response 

to four consecutive exercise intensities (50, 60, 70, 80% of peak heart rate reserve 

(HRR)) in sedentary men aged 66 to 76 years. Each exercise bout lasted 15 

minutes with 5 minutes rest between exercise bouts. Venous blood samples were 

obtained immediately before, and after each exercise bout. Plasma testosterone 

concentration significantly increased with each exercise intensity, reaching a peak 

(39%) after exercise at 70% of peak HRR. Plasma testosterone concentration 

returned to resting levels 60 minutes after the last exercise bout. Although plasma 

volume was not determined, the authors concluded that the rapid return of total 

protein and sex hormone-binding globulin (SHBG) to baseline values after the last 

exercise bout, suggested that the increase in plasma testosterone concentration 

may have been affected by the hemoconcentration associated with the exercise 

(576). White et al. (2002) also found a significant increase in plasma testosterone 

concentration after a maximum treadmill exercise test in a group of 13 moderately 

trained ('\t0 2 max of 52.9 ± 4.9 ml .kg·' .min-' ) men (25 ± 2.5 yrs). However after 

adjusting for exercise-induced changes in plasma volume, the increase in plasma 

testosterone concentration was no longer significant (559). 

The effect of long-term aerobic training on resting plasma testosterone 

concentration in men has been well documented (for review see Hackney 2001). 

Resting plasma testosterone concentration has been shown to be significantly less 

(15-40%) in long-term aerobically trained men compared to age-matched untrained 
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men (184, 185). Hackney et al. (2003) compared resting plasma testosterone 

concentration in a group of long-term aerobically trained (> 10 yrs training, 95-140 

km·wk'1, and 6-7 dayswk") men (31 ± 1.1 yrs) with sedentary men of a similar age. 

Resting plasma testosterone concentration was significantly lower in the 

aerobically trained men when compared to the sedentary. Furthermore the 

testicular responsiveness to infused gonadotrophin-releasing hormone (GnRH) in 

the aerobically trained men produced significantly lower plasma testosterone 

concentration (20-30%) than sedentary men. The authors concluded that the lower 

testosterone production in response to infused GnRH may account for the lower 

resting plasma testosterone concentration found in aerobically trained men (187). 

In contrast to the lower resting plasma testosterone concentration found in long

term aerobically trained men, cross-sectional data indicates that long-term 

aerobically trained older men have higher (14, 73) or no significant difference (39, 

423, 502) in resting plasma testosterone concentration when compared to age

matched sedentary men. Struder et al. (1998) compared resting plasma 

testosterone concentration in eight long-term aerobically trained (> 20 yrs training 

and 65 km.wk") older men (69 ± 4.2 yr) with eleven age matched sedentary men. 

There was no significant difference in resting plasma testosterone concentration 

between the two groups of men. The resting free testosterone concentration was 

significantly higher in the sedentary men compared to the aerobically trained men. 

The authors were unsure as to why the aerobically trained men had lower resting 

free testosterone concentrations but speculated that an increase in SHBG 

concentration (not measured in the study) may have influenced resting free 

testosterone concentrations. In fact SHBG concentration has been shown to be 

significantly (p< 0.05) higher in long-term aerobically trained older men (124.4 ± 

21.6nmol· L") compared to sedentary men (76.7 ± 11.6nmol· L") of a similar age. 

In summary, it would appear that there is a transient increase in plasma 

testosterone concentration in older men during and following an acute bout of 

aerobic exercise, returning to resting values within 60 minutes following the 
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exercise bout. The increase in plasma testosterone concentration is thought to be 

primarily due to hemoconcentration associated with the exercise. Furthermore, 

while older long-term aerobically trained men appear to have similar resting 

testosterone concentrations as there sedentary counter parts, there is an 

increasing volume of evidence that suggests at rest, plasma free testosterone 

concentrations are lower in long-term aerobically trained older men compared to 

age-matched untrained men. What, if any detrimental effect this could have on 

other anabolic-androgenic processes regulated by free testosterone is unclear. 

To clarify the effects of aerobic training on plasma testosterone concentration in 

older men, the present study measured resting plasma testosterone concentration 

of older men before and after 16 weeks of aerobic training. Furthermore plasma 

testosterone concentration was measured during a bout of sub-maximum aerobic 

exercise before and after 16 weeks of aerobic training. 
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OBJECTIVES OF THE INVESTIGATION 

Purpose 

The proposed research will have significant outcomes for older individuals and 

health professionals who care for older individuals. The significant increase in the 

proportion of older individuals with age-related diseases and disabilities has seen 

significant increases in health care costs (478). Only in the last 10 to 15 years has 

regular exercise been suggested as a possible intervention strategy to improve the 

health and functional capacity in older individuals (247). 

Regular exercise designed to optimise health, functional capcity and reduce health 

care costs in older individuals should address cardiovascular and musculoskeletal 

disease since they are the major cause of death and disability in the older 

population. It is still not clear how regular exercise influences the normal process of 

aging (for review see (556)) nor is it clear as to the mode of exercise, or interaction 

of intensity, frequency and duration that can confer significant protection from 

disability and disease in older individuals (28). Despite the mechanistic uncertainty, 

the accumulating evidence is suggesting that regular exercise is a significant 

therapeutic intervention. The potential outcome from the proposed research will 

include: 

(i) The benefits of resistance training and aerobic training on the functional 

capacity of older men 

(ii) The effect of short-term detraining on the functional capacity of older 

men 
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Aims 

The aims of this thesis were to: 

1. To investigate the effects of sixteen weeks of training (aerobic/resistance) 

and four weeks of detraining on the cardiovascular system of men aged 70-

80 yrs. 

2. To investigate the effects of sixteen weeks of training (aerobic/resistance) 

and four weeks of detraining on the musculoskeletal system of men aged 

70-80 yrs. 

3. To investigate the effects of sixteen weeks of training (aerobic/resistance) 

and four weeks of detraining on resting anabolic hormones and the 

hormonal response to exercise in men aged 70-80 yrs. 

Null Hypotheses 

1. There are no siginificant changes in body composition in men aged 70 - 80 

yrs following sixteen weeks of aerobic training and four weeks of detraining. 

Body composition includes: 

a. Body mass 

b. Percent body fat 

c. Abdominal fat 

d. Leg lean mass 

2. There are no siginificant changes in body composition in men aged 70 - 80 

yrs following sixteen weeks of resistance training and four weeks of 

detraining. Body composition includes: 

a. Body mass 

b. Percent body fat 

c. Abdominal fat 

d. Leg lean mass 
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3. There is no significant change in muscular strength in men aged 70 - 80 yrs 

following sixteen weeks of aerobic training and after four weeks detraining. 

4. There is no significant change in muscular strength in men aged 70 - 80 yrs 

following sixteen weeks of resistance training and after four weeks 

detraining. 

5. There is no significant change in muscular power and the rate of force 

development in men aged 70 - 80 yrs following sixteen weeks of aerobic 

training and after four weeks detraining. 

6. There is no significant change in muscular power and the rate of force 

development in men aged 70 - 80 yrs following sixteen weeks of resistance 

training and after four weeks detraining. 

7. There is no significant change in peak oxygen consumption in men aged 70 

- 80 yrs following sixteen weeks of aerobic training and after four weeks 

detraining. 

8. There is no significant change in peak oxygen consumption in men aged 70 

- 80 yrs following sixteen weeks of resistance training and after four weeks 

detraining. 

9. There is no significant change in peak cardiac output in men aged 70 - 80 

yrs following sixteen weeks of aerobic training and after four weeks 

detraining. 
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10. There is a significant change in peak cardiac output in men aged 70 - 80 

yrs following sixteen weeks of resistance training and after four weeks 

detraining. 

11. There is no significant change in selected cardiovascular and metabolic 

variables during sub-maximum exercise in men aged 70 - 80 yrs following 

sixteen weeks of aerobic training. 

12. Following four weeks of detraining there is no significant change in 

cardiovascular and metabolic variables during sub-maximum exercise in 

aerobically trained men aged 70 - 80 yrs. 

13. There is no significant change in selected cardiovascular and metabolic 

variables during sub-maximum exercise in men aged 70 - 80 yrs following 

sixteen weeks of resistance training. 

14. Following four weeks of detraining there is no significant change in 

cardiovascular and metabolic variables during sub-maximum exercise in 

resistance trained men aged 70 - 80 yrs. 

15. There is no significant change in resting anabolic hormones following 

sixteen weeks of aerobic training and four weeks of detraining in men aged 

70 - 80 yrs. Anabolic hormones include: 

a. Growth hormone 

b. Insulin-like growth factor-1 

c. Testosterone 

d. Free testosterone 

I 
) 
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16. There is no significant change in anabolic hormones during sub-maximum 

exercise in men aged 70 - 80 yrs following sixteen weeks of aerobic training 

and after four weeks of detraining. Anabolic hormones include: 

a. Growth hormone 

b. Insulin-like growth factor-1 

c. Testosterone 

d. Free testosterone 

17. There is no significant change in resting anabolic hormones following 

sixteen weeks of resistance training and four weeks of detraining in men 

aged 70 - 80 yrs. Anabolic hormones include: 

a. Growth hormone 

b. Insulin-like growth factor-1 

c. Testosterone 

d. Free testosterone 

18. There is no significant change in anabolic hormones during sub-maximum 

exercise in men aged 70 - 80 yrs following sixteen weeks of resistance 

training and after four weeks of detraining. Anabolic hormones include: 

a. Growth hormone 

b. Insulin-like growth factor-1 

c. Testosterone 

d. Free testosterone 
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Chapter 3 

METHODS 

EXPERIMENTAL DESIGN 

The experimental design, presented in Figure 6 was a factorial repeated measures 

design that included random treatment group allocation to an aerobic training 

group or a resistance-training group or a control group. The study was designed to 

permit comparison of the overall performance of the experimental groups on 

selected dependent measures and evaluation of changes in those selected 

dependent measures from each time period to the next time period. 

SUBJECT CHARACTERISTICS 

Recruitment and Screening 

Thirty-six previously sedentary males aged between 70 and 80 yrs were selected 

to participate in the present study. After recruitment and screening, 12 subjects 

were randomly selected into each of the experiemental groups (resistance, aerobic 

and control groups). Subjects were recruited through advertisements placed in 

local newspapers (see Appendix 1.). Respondents to the newspaper 

advertisement completed a physical activity readiness questionnaire ("PAR-Q") by 

telephone interview (see Appendix 2.). Those respondents with a history of 

cardiovascular or respiratory disease, diabetes, orthopaedic injuries or other 

medical conditions, which contraindicated vigorous exercise, were excluded from 

further participation. 

1 

92 



! 
( 

Following the initial telephone interview, each subject identified as potentially 

suitable for the experiment attended the laboratory on three separate occasions for 

further screening and familiarisation. 

On these occasions, each subject: 

• was provided with an information sheet setting out details of the experiment 

(see Appendix 3.) 

• completed a medical history questionnaire (see Appendix 5.) 

• undertook spirometry and a resting 12 lead electrocardiogram (ECG) 

After a clear explanation of the project, including the risks and benefits of 

participation, written consent was obtained (see Appendix 4.). Subjects then 

underwent a detailed medical examination and an incremental exercise test to 

volitional fatigue on the cycle ergometer with direct medical supervision. 

As a result of the familiarisation and screening process, each subject selected for 

the study: 

(i) was clinically free from known cardiovascular and respiratory disease 

(ii) was not taking any medication known to interfere with the exercise 

response 

(iii) had normal spirometry and a resting 12 lead ECG 

(iv) had resting blood pressure of less than 150/90 mmHg 

(v) had no evidence of clinically significant exercise induced myocardial 

ischaemia. 

No remuneration was offered to the subjects and the study was approved by the 

Griffith University Ethics Committee. 
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Figure 6. Experimental design to examine the effect of resistance and 
aerobic training on selected dependent variables in men aged 70-80 yr. 
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Anthropometry 

Standing height was measured using a stadiometer (Holtain) to the nearest 

millimetre. Body mass was measured using balance beam scales (Wedderburn) to 

the nearest 0.05 kg. 

Spirometry 

Forced vital capacity (FVC) and forced expiratory volume in one second (FEV,) 

were measured using a wedge bellows spirometer (Vitalograph). All tests were 

undertaken with the subject in the standing position. After clear instruction and 

demonstration, the subject was instructed to take a maximum voluntary inspiration, 

place his lips around the mouthpiece of the spirometer and "blowout hard and 

fast". Three trials were undertaken, with a short rest period among trials. The 

highest values of FEV, and FVC were recorded to the nearest 0.1 litre. All Expired 

volumes were corrected to body temperature saturated (BTPS) and the ratio of 

FEV,/FVC was calculated. 

Incremental ExerciseTest to Volitional Fatigue 

Each subject performed an incremental exercise test to volitional fatigue on an 

electronically braked cycle ergometer (Excalibur Sport V2.0, Groningen, 

Netherlands). The seat height was standardised for each subject. The ECG was 

determined from bipolar leads placed in the CM5 position using standard ECG 

electrodes (3M). A registered medical practitioner continually monitored the ECG 

throughout the incremental exercise test. 

Peak oxygen consumption (V02 peak) was determined for each subject by open 

circuit spirometry. Subjects breathed through a mouthpiece connected to a low 
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resistance two-way valve (Hans Rudolph #2700). An adjustable headpiece was 

attached to support the two-way valve and mouthpiece throughout the exercise 

test. A nose clip was then placed on the subject's nose. A temperature-humidity 

probe inserted above the pressure sensor in the pnemotach (Hans Rudolph. 

Kansas City. MO. U.S.A.) detected changes in temperature and humidity. for 

subsequent corrections of volume of expired air. The pnemotach was calibrated 

prior to and following each test using a 3-liter syringe at varying flow rates. similar 

to those expected throughout the incremental exercise test. Expired air was 

continuously sampled from a mixing chamber for percentage oxygen and carbon 

dioxide concentrations. Percentage of expired oxygen was measured using a fast 

response zirconia transducer oxygen analyser (Exerstress Oxygen Analyser. 

OX21). Percentage of expired carbon dioxide was measured using a fast response 

infrared transducer carbon dioxide analyser (Exerstress Carbon Dioxide Analyser. 

C021). The oxygen and carbon dioxide analysers were integrated with an IBM 

compatible 486 computer using an Exerstress Software Package. 

Oxygen consumption (VO,; L·min-' and mL.kg-'.min"' STPD). carbon dioxide 

production (VCO,; L·min-' STPD). pulmonary minute ventilation (VE; L·min-' BTPS) 

and respiratory exchange ratio (RER) were calculated at 20-second intervals. The 

oxygen and carbon dioxide analysers were calibrated pre and post test using alpha 

standard gases of known concentrations and any drift was corrected using 

standard regression techniques. 

The incremental exercise test used a continuous ramp protocol. The exercise test 

began with a three minute warm-up period at 15 Watts (W) after which time the 

power was incremented by 5 Watts every 20 seconds until volitional fatigue or the 

onset of clinical signs or symptoms that precluded further exercise. Heart rate and 

rhythm were monitored continuously by an electrocardiograph and recorded for 

approximately five seconds each minute. Blood pressure was recorded by 

auscultation every three minutes during the incremental exercise test and at three 

and five minutes post-exercise. Peak values for oxygen consumption were 
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calculated from the average of the last minute of exercise before volitional fatigue. 

The highest heart rate, power, and ventilation achieved at volitional fatigue were 

considered to be peak values. 

Figure 7. Subject performing incremental exercise test to volitional fatigue 
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SUBJECT TESTING 

Body Composition 

The body composition of all subjects was measured by dual-energy X-ray 

absorptiometry (DEXA) (Norland, XR36, Fort Atkinson, WI.). DEXA scans were 

performed in the pencil beam mode (scan time-4 min, radiation exposure -0.4 

mrems). The Norland XR-36 utilises an X-ray tube that operates at 100 kV, 

samarium filtration (K-edge at 46.8 keV) that produces energy peaks at maxima of 

40 and 80 keV, and a dual Nal-detector assembly. To reduce beam-hardening 

effects, the samarium filtration is changed dynamically during the scan. This is 

done by interposing a differential number of samarium filter sheets (1 fixed, 3 

variable, 8 different combinations) between the X-ray source and the object of 

measurement. The effect of this dynamic filter change is to uniform the X-ray beam 

intensity at any absorber thickness, thereby reducing the influence of beam 

hardening. 

The subjects were required to remove all objects such as jewellery and eyeglasses 

and wore only a standard hospital gown during the scan procedures. The subjects 

were then instructed to lie supine on the DEXA table where subject positioning and 

utilisation of the XR36 software was carried out by a trained technician. The same 

technician performed all DEXA scans. 

From the DEXA scans, thigh muscle mass, total body fat mass, percentage body 

fat and abdominal fat mass were determined. The abdominal region was defined 

by placing a horizontal line at the lowest point of the sacrum as the lower cutoff 

point and a horizontal line on the lower rib (L 1-T12) as the upper cutoff point. 

Abdominal fat mass was calculated using the following: Abdominal fat mass = total 

abdominal mass - (abdominal muscle mass) - (1.82 x abdominal BMC) (229). 

Thigh muscle mass was assessed using the ischial tuberosity and the knee joint as 

upper and lower margins respectively. Thigh muscle mass was calculated using 
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the following equation: Thigh muscle mass = total thigh mass - (thigh fat mass) -

(1.82 x thigh BMC) (229). 

Muscular Strength 

Prior to muscular strength testing, all subjects were familiarised with the incline 

squat apparatus (Body/Solid Inc., Broadview, III., U.S.A.). The subjects attended 

four familiarisation sessions over a period of ten days before the commencement 

of the training study. 

The initial session involved the investigator demonstrating the correct use of the 

incline squat. Subjects were advised to keep feet shoulder width apart and feet 

positioned high on the platform to minimise heel lift during the squat. Toes were to 

be pointing slightly outwards. The subjects lay back onto the apparatus and 

pushed up slightly to take the weight on the padded shoulder. Arms were folded 

across the chest and the upper body kept as relaxed as possible. When ready, the 

subjects were advised to descend in a controlled manner with the knees following 

a direct path over the feet and toes. All subjects were required to squat until 

approximately 90° of knee flexion was reached (see Figure 8). The transition from 

the descent to the ascent commenced with a powerful drive out of the bottom 

position utiliSing quadriceps extension. Subjects were advised to avoid bouncing 

out of the bottom and to hold feet flat on the platform. Upon passing the "sticking 

point" (about 120°) subjects were advised to begin to slowly expel air through the 

mouth, thereby minimising the Valsalva manoeuvre. Careful attention was paid 

during the ascent so that the knees did not bow inwards or outwards and the back 

was not arched or skewed to one side. The subjects ascended in a controlled 

manner. The knees were not to be locked at the top position but held with 

approximately 5° flexion so as to minimise the jarring effect of full extension on 

knee ligaments while maintaining tension on the quadriceps muscle. 
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During the initial visit, no load, apart from body weight, was used on the incline 

squat to minimise any muscle soreness that may arise from the new activity. 

Subjects were required to perform three sets of ten repetitions. The following 

familiarisation session the subjects again performed three sets of ten repetitions 

with body weight as the only resistance. The third visit involved the subjects 

performing two sets of six repetitions with 5 kilograms of resistance. The fourth visit 

the subjects were required to perform two sets of four repetitions with 10 kg of 

resistance. Preceding all familiarisation and training sessions on the incline squat 

subjects were required to perform an adequate warm-up and cool down. The 

warm-up consisted of ten minutes of exercise on a Monark Cycle Ergometer at 60 

W with a speed of 60 revolutions per minute. The cycle exercise was followed by a 

stretch for the hamstring and quadriceps muscles. Subjects were advised to hold 

the stretch in a tight but comfortable position for 20 seconds. Cool-down consisted 

of five minutes exercise on the Monark Cycle Ergometer at 60 W with a speed of 

approximately 60 revolutions per minute (rpm). 

Two days following the last familiarisation session all subjects were tested for their 

"one repetition maximum" (1 RM) strength and repeated two days later to determine 

the reliability of 1 RM procedure. A 1 RM is defined as the maximum weight which 

can be used by a muscle group(s) through the full range of motion using good form 

one time only (193, 256, 299, 359). The 1 RM is an acceptable procedure to 

determine muscular strength in older individuals and with a minimal risk of injury 

(470). 

The assessment of the 1 RM on the incline squat was as follows: 

(1) Warm-up on Monark cycle ergometer as previously described. Followed by 

stretching 

(2) Warm-up with body weight only for eight repetitions and rest two minutes 

(3) Complete five repetitions at approximately 50% of perceived maximum and rest 

two minutes 
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(4) Complete three repetitions at approximately 75% of perceived maximum and 

rest two minutes 

(5) Complete one repetition at approximately 90% of perceived maximum and rest 

two minutes 

(6) Weight was added and an attempt to lift the weight once 

If the subject failed, after a three minute rest the weight was reduced by two or 

three kilograms and another 1 RM was attempted. The 1 RM procedure was 

repeated until a successful lift was made. If the initial weight was lifted, steps 7 and 

8 were repeated. 

All subjects achieved their 1 RM's by the fourth attempt. Muscular strength levels 

were assessed pre-training, every four weeks during training, post training and 

again four weeks after post training assessment. The author supervised all testing 

and training sessions. 

Figure 8. Subject performing an incline squat. 
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the rebreathing bag, approximately equal to each subject's tidal volume, was 

derived from the expired volumes recorded by the pneumotachometer during the 

measurement of oxygen consumption. The closed circuit rebreathing manoeuvre 

was commenced at or near each subject's functional residual capacity (FRC). Two 

methods were used to ensure the correct timing of the change over of the 

mouthpiece valve from the open circuit to the closed circuit rebreathing bag 

system. Firstly, by observing each subject's ventilatory pattem and, secondly, 

when the subject had signalled to the operator that he had expired to FRC. A gas 

mixture containing 0.9% acetylene, 9.9% helium, 40% oxygen and balance 

nitrogen was rebreathed 8-10 times for approximately 15-20 seconds. The gas 

mixture was continuously sampled from the mouthpiece via a small bore sampling 

line. The concentration of the helium and acetylene was measured using an 

Airspec Model 3000 mass spectrometer. The mass spectrometer was calibrated 

prior to the commencement of each test using alpha standard chemically analysed 

precision gases (Linde Gases). The mass spectrometer and the 

pneumotachometer were connected via a twelve-bit analogue to digital converter 

board (Data Translation 2800) to a microcomputer. The generated output was 

used for subsequent data analysis. Computer software was specifically written to 

collect, store, and analyse the acetylene and helium gas concentration data in 

relation to the pneumotachometer respiratory flow rate data (ASYST Version 4). 

The end tidal concentration of acetylene and helium were obtained using the flow 

rate signal. Helium was included in the gas mixture to provide a standard reference 

time for initiating the analysis of the uptake of acetylene by the pulmonary 

circulation (484). 

Approximately one week following the incremental exercise test, each subject 

undertook an exercise test to determine the power output corresponding to 50% 

and 70% V02 peak. Two days following the sub-maximum exercise tests to 

determine relative exercise intensity (50% and 70% V0 2 peak) subjects 

underwent the measurement of cardiac output. Cardiac output was measured 
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during 30 minutes of continuous exercise on an electronically braked cycle 

ergometer at three, ten-minute sub-maximum exercise intensities (30W or 40W, 

50% and 70% V02 peak). At each exercise intensity (30W or 40W, 50% and 70% 

V02 peak), Q was measured on two occasions, with the first measurement 

occurring after four minutes of cycling and the second measurement of 6 occurred 

after nine minutes of cycling to allow for the washout of C2H2 from the previous 

measurement of 6. 
Oxygen uptake and heart rate were measured in the minute prior to the 

measurement of 6. The average 6, V02 and HR from the two measurements 

were determined for each exercise intensity (30W or 40W, 50% and 70% V02 

peak). From the determination of 6, HR and V02 the following calculations were 

made: 

(i) Stroke volume (SV) = 6 / HR expressed as mL· bear1 

(ii) a- V O2 difference = V0 2 / 6 expressed as mL O2 ·1 00mL,1 

Blood pressure (BP) using a calibrated sphygmomanometer (Baumanonmeter) 

was recorded on two occasions during each exercise intensity (30W or 40W, 50% 

and 70% V02 peak). Thirty seconds prior to 6 measurement, blood pressure was 

recorded by manual auscultation. From the determination of BP, HR and Q the 

following calculations were made: 

(i) Rate pressure product (RPP) = HR x Systolic blood pressure x 10'2 

expressed as mmHg· beats· min,1 

(ii) Total peripheral resistance (TPR) = MAP / 6 expressed as dyne· s· cm's 

105 



Anabolic Hormones: 

B/ood collection procedure 

Venous blood samples were taken from each subject before the commencement of 

training (pre-training), after 16 weeks training (post-training) and again 4 weeks 

after the 16 weeks training (4wk post-training/detraining). The venous blood 

samples were taken at the same time of the day for each subject to limit the effects 

of diurnal variation. Subjects were encouraged to avoid food at least 24 hours prior 

to blood sampling and to drink 250 to 350 mL of water at least one hour prior to 

blood sampling to avoid the possibility of dehydration and its consequences on 

blood samples. 

The blood samples were taken by standard venipuncture technique, from the 

antecubital vein using the Vacutainer System (Becton Dickinson, Australia). To 

maintain catheter patency, the blood collection site was flushed with a sterile saline 

solution between samples and a 5 mL discard tube drawn before collection of 

blood samples. Following the insertion of the catheter each subject underwent 45 

minutes of seated rest in a quiet environment. After resting for 45 minutes, subjects 

transferred to the cycle ergometer and rested a further 15 minutes in a seated 

position before the first blood sample (25 mL) was withdrawn. Subjects then 

completed two minutes of unloaded cycling after which the power was increased to 

40 Watts for 10 minutes. A second blood sample (25 mL) was taken after nine 

minutes of cycling at 40 Watts. The power was then further increased to the 

previously determined power that corresponded to 50% V0 2 peak for 10 minutes, 

at which point, power was increased to 70% V02 peak for the final 10 minutes of 

cycling. The third (50% V0 2 peak) and fourth (70% V02 peak) blood samples (25 

mL) were taken after nine minutes of cycling at 50% and after nine minutes of 

cycling 70% V02 peak respectively. Following the completion of the final 10 

minutes of cycling at 70% V0 2 peak, subjects completed two minutes of unloaded 

cycling at which time the subjects stopped cycling and sat quietly on the cycle 
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ergometer for another 15 minutes. The final blood sample (25 mL) was taken at the 

end of 15 minutes rest with subjects seated on the cycle ergometer. 

Blood handling and analysis 

Immediately following the collection of the venous blood sample from each time 

point, 20 mL of blood was transferred into two sterile, 10 mL glass serum separator 

tubes (SST). The two 10mL SST tubes were then gently inverted 5 times to mix the 

contents of the tube and left to stand at room temperature (21-22°C) in a vertical 

position for 20 minutes to from a solid clot. After 20 minutes, the supernatant was 

aspirated and transferred to a new sterile centrifuge tube. The tube was 

centrifuged at 4000 rprn for 10 minutes at 4°C (Eppendorf refrigerated centrifuge 

5810R, Germany). Following centrifugation, the serum was pipeUed into 1.5 mL 

Nunc CryoTube Vials (Nagle Nunc International, Denmark) and stored at -80°C for 

subsequent analysis of growth hormone (GH), insulin-like growth factor-1 (lGF-1), 

sex hormone binding globulin (SHBG), and testosterone. All Nunc vials were 

labelled with a code to identify the name of the subject, the date of the test and the 

blood sample period. 

The remaining blood collected from each time point was transferred into a 5 mL 

lithium heparin tube (Becton Dickinson, Australia) and gently inverted 8 times to 

mix the contents of the tube. Samples were then centrifuged at 4000 rpm for 10 

minutes at 4°C (Eppendorf refrigerated centrifuge 5810R, Germany). 

Subsequently, an aliquot of plasma was added to ice-cold 3 M perchloric acid 

(PCA) and spun again (10 minutes at 4000 rpm). The supernatant was aspirated 

and transferred to into a 1.5 mL Nunc CryoTube Vials (Nagle Nunc International, 

Denmark) and stored at -80°C for subsequent analysis of plasma lactate. 
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Growth Hormone (GH) 

Samples were assayed for GH employing the coated-tube immunoradiometric 

(IRMA) assays kit produced by DSL (DSL-1900 ACTIVE, Diagnostic Systems 

Laboratories Inc, Webster, Texas, USA). With this method GH is used as an 

antigen to produce antibodies in some other animal species, such as rabbit. These 

antibodies are then highly specific to GH. The antibodies are added to a reaction 

vessel containing the GH samples and radiolabel (in this case 1251). As a result, this 

type of assay is sometimes referred to as a "sandwich assay" because the analyte 

is sandwiched between solid phase antigen and antibody-radio label complex. 

A solid phase support is used for the reaction to take place on. In this particular 

assay the solid phase support is provided by cellulose particles. Cellulose is a 

stable polymer of glucose and the reactions take place in an aqueous solution at a 

pH of 3-10, and in organic solvents including dimethylformamide, dimethylsulphide, 

acetone, and dioxane. 

The DSL assay procedure employs a two site IRMA in which the analyte to be 

measured is sandwiched between two antibodies. The first antibody is immobilised 

to the inside walls of the tubes, the second is radiolabelled for detection. The 

analyte present in the unknowns, standards, and controls is bound by both of the 

antibodies to form a sandwich complex. Unbound materials are removed by 

decanting and washing the tubes. The amount of bound GH is directly proportional 

to the GH present in the samples. The radioactivity reflecting the amount of bound 

GH was determined by a 1261 Multigamma on-line counter (Wallac Oy, Turku, 

Finland). A standard calibration curve is produced by using known growth hormone 

concentration standards produced by the supplier of the IRMA kit. These standards 

undergo the same process detailed previously and are then run through the 

gamma counter. The theoretical sensitivity, or minimum detection limit, calculated 

by the interpolation of the mean + 2SD of 10 replicates of the 0 I1g01-1 GH standards 

is 0.01 I1g01-1. The intra-assay precision was determined from the mean of 12 

replicates with three human samples. For 12 replicates each, sample 1 was 2.91 
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(0.09) iJg'I-1 with a coefficient of variation (CV) of 3.1 %, sample 2 was 5.58 (0.22) 

iJg'I-1 with a CV of 3.9%, and sample 3 was 25.84 (1.40) iJg'I-1 with a CV of 5.4% 

(values are mean (SD». 

Insulin-like growth factor-1 (lGF-1) 

IGF-I concentrations were determined by a fully automated, two-site 

chemiluminescent immunoassay (Nichols Advantage; Nichols Institute Diagnostics, 

San Clemente, Calif., USA). In this system the antibody to the C-terminal 62-70 

amino acid sequence is biotinylated for capture and the antibody to the amino acid 

sequences of 1-23 and 42-61 is labeled with acridiilium ester for detection. Subject 

samples are acidified to separate S-IGF-I from IGF-binding proteins. The acidified 

samples are incubated with the biotinylated capture antibody in the presence of 

excess IGF-II and acridinium ester-labelled antibody. After the initial incubation 

period, strepavidin-coated magnetic particles are added to the reaction mixture. 

Free-labelled antibody is then separated from the labelled antibody bound to the 

magnetic particles by aspiration and subsequent washing, while a strong magnetic 

force keeps the magnetic particles in the well. An acid hydrogen peroxide solution 

and a sodium hydroxide solution are added to the well to initiate the 

chemiluminescence reaction. The assay has been calibrated against the World 

Health Organization International Reference Reagent 87/518. The IGF-I assay 

sensitivity was 1.6 iJg/1"' with an intra- and inter-assay coefficient of variation (CV) 

of -6 and 7%, respectively, in the concentration ranges observed, with a linear 

range of 1.6-64 iJg/1"' 
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Testosterone 

Testosterone was measured by the DPC IMMULITE 2000 (Diagnostics Product 

Corporation Los Angeles, Calif, USA.), which is an automated, random-access 

immunoassay analyser with a solid-phase washing process and a 

chemiluminescence detection system. The solid phase is made up of a polystyrene 

bead enclosed within the Immulite test unit that is coated with a polyclonal rabbit 

antibody specific for testosterone. The patient's sample and an alkaline 

phosphatase-conjugated testosterone reagent are simultaneously introduced into 

the test unit. During a 60-min incubation period at 37 C with intermittent shaking, 

the testosterone in the sample competes with the enzyme-labelled testosterone for 

a limited number of antibody binding sites on the bead. Unbound enzyme conjugate 

is then removed by a patented five-spin-wash technique. The chemiluminescence 

substrate, a phosphate ester of adamantyl dioxetane, is added and the test unit 

incubated for 10 min. The substrate is hydrolyzed by the alkaline phosphatase to 

an unstable anion. The decomposition of the anion yields a sustained emission of 

light. The bound complex, corresponding to the photon output, is inversely 

proportional to the concentration of testosterone in the sample. The dynamic range 

of the Immulite testosterone assay is 14 to 1586 ng/dl (0.5-55 nmolll'l). The 

sensitivity for the testosterone assay was 49 ng/dl (1.7 nmolll'l) and the average 

between run imprecision was 13.7% at a concentration of 427 ng/dl (14.8 nmoll(1
). 

During the study, the between run CV averaged 11.5%. 

Sex-hormone binding globulin (SHBG) 

Changes in SHBG were measured by the Elecsys 2010 immunoassay analyser 

(Roche Diagnostics, Mannheim, Germany). The Elecsys 2010 has a high-sensitive 

enzyme-linked immunosorbent assay (ELISA), which was used to perform the 

measurements of SHBG. The Elecsys-SHBG assay employs a sandwich assay 

principle using two monoclonal antibodies - a biotinylated monoclonal SHBG-

! 
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( specific antibody and a monoclonal SHBG-specific antibody - labelled with 

ruthenium complex. The assay has a measuring range of 0.350-200 nmol/r1 and is 

standardized against the 1st International Standard for SHBG from the National 

Institute for Biological Standards and Control (code 95/560) The intra-assay CVs at 

17 nmol/ 1"1 and 43 nmol/ 1"1 were 0.81% and 1.9% respectively and the inter-assay 

CVs at these concentrations were 1.5% and 1.7% respectively. 

Free testosterone 

Free testosterone values were calculated from total testosterone and SHBG using 

the Vermeulen formula (541). The accuracy and reliability of the Vermeulen formula 

for calculating free testosterone has been validated by others using the "gold 

standard" for measuring free testosterone (equilibrium dialysis) (365) 

Lactate 

Plasma lactate was measured in duplicate on a blood-gas/metabolite analyser 

(Ciba-Corning 865, Ciba-Corning Diagnostics Group, Medfield, MA). The analyser 

underwent a two-point calibration every 30 minutes of plasma lactate 

measurement. 
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THE TRAINING PROGRAMMES 

Training Programme for the Resistance Group 

The resistance training sessions consisted of: 

• Three sessions per week (Monday. Wednesday and Friday) 

• For the first two weeks of training. resistance training intensity was initially 

three sets of eight repetitions at 50% of 1 RM 

• For the final 14 weeks of training. intensity increased to three sets of six to 

ten repetitions at 70-80% of 1 RM 

The resistance-training programme was adapted from Hortobagyi et al. (2001). 

Taaffe et al. (1999) and Kraemer et al. (1999). Each session consisted of a five

minute warm-up on a cycle ergometer (Monark) at 30 Watts followed by five 

minutes of stretching. Subjects also completed five minutes of stretching at the end 

of each training session. The warm-up period was followed by one set of 10 

repetitions at 50% of each subject's training load. The training intensity of three 

sets of eight repetitions at 50% of 1 RM was selected for the first two weeks of 

training to maximize subject safety and compliance. 

The increase in training intensity to three sets of six to ten repetitions at 70-80% of 

1 RM occurred in the third week of training and continued until the sixteenth week 

of training. Increments in the training load were made during the 16 weeks of 

training to maintain the subjects training intensity at 70-80% of 1 RM. All sets 

throughout training were separated by two minutes recovery. Blood pressure was 

measured before and immediately after each training session. 
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Training Programme for the Aerobic Group 

The aerobic training sessions consisted of: 

• Three, 45 minute sessions per week 

• For the first two weeks of training, cycle exercise intensity was at 50% V0 2 

peak 

• For the final 14 weeks of training cycle exercise intensity increased to 70% 

V02 peak with a training heart rate equivalent to that of 70% V02 peak 

The mode, intensity and frequency of training was adapted from Okazaki et al. 

(2002), Morris et al. (2002) and Woods et al. (1999). Each session consisted of 

five-minutes warm-up on an unloaded cycle ergometer (Monark) and a cool-down 

period of five-minutes on an unloaded cycle ergometer after the training session. 

For the first two weeks of training a training intensity of 50% of V02 peak was 

selected to maximize subject safety and compliance. The increase in training 

intensity to 70% V02 peak occurred in the third week of training, and subjects 

continued to train at 70% V02 peak until the sixteenth week of the training 

programme. Increments in power were made during the 16 weeks of training to 

maintain the subjects training intensity at a heart rate equivalent to 70% V02 peak. 

Blood pressure was measured before and immediately after each training session. 

The heart rate of each subject was monitored constantly during each training 

session with an ECG (CM5 placement) to ensure no ECG abnormalities and heart 

rate recorded every ten minutes during each training session. 

Control Group 

The control group subjects were advised to maintain their normal daily routines and 

eating habits. They were to refrain from beginning any new exercise programmes 

for the duration of the study and to report for testing at the end of each month. 
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DATA REDUCTION AND STATISTICAL ANALYSIS 

Statistical analysis was performed using the Statistical Package for the Social 

Sciences (SPSS) [Version 10.0]. All data are reported as means and standard 

error of the mean (X ± SEM). A repeated measures ANOVA using a general linear 

model was used to determine differences within groups and between groups 

before training, after 16 weeks training and after four weeks of detraining. Where 

significant results were noted, a Bonferroni post hoc test was used to determine 

the significant difference between the groups. The level of significance was set at 

P<0.05 
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Chapter 4 

RESULTS 

SUBJECT CHARACTERISTICS 

Of the 36 men initially selected, 32 completed the study. Two subjects from the 

resistance-training group and one subject from each of the aerobic training group 

and control group withdrew. Subjects from the resistance training and control 

groups withdrew for personal reasons while the subject in the aerobic training 

group was withdrawn because of significant ECG changes during the second 

incremental exercise test to volitional fatigue. 

The physical characteristics and spirometry for the resistance training, aerobic 

training and control groups are presented in Table 3. There were no significant 

differences in body mass, body mass index, percent body fat, FEV
" 

FVC, and 

FEV, ! FVC among the three groups prior to the 16 week training study. 

Table 3. Physical characteristics and spirometry of the resistance training (RT), 
aerobic training (AT) and control groups (C) 

RT AT C 
(n = 10) (n = 11) (n = 11) 

Age (yrs) 74.1 ± 0.8 75.2 ± 0.8 73.7 ± 1.0 

Height (cm) 177.8 ± 1.5 171.0±1.5 177.5 ± 1.3 

Body mass (kg) 79.4 ± 4.5 78.9 ±4.3 73.3 ± 3.4 

BMI (kg.m·2) 23.5± 0.5 25.8 ± 0.5 23.5 ± 0.6 

Body fat (%) 27±2 29 ± 1 24 ±2 

FEV, (L) 3.5 ± 0.4 3.4 ± 0.2 3.7 ± 0.4 

FVC (L) 4.1 ± 0.4 4.2 ± 0.5 4.4 ± 0.3 

FEV, ! FVC (%) 84 ±2 83±3 85±2 

Values are mean ± SEM. BMI, body mass index; FVC, forced vital capacity; FEV
" 

forced 
expiratory volume in one second; n = number of subjects 
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THE MUSCULOSKELETAL SYSTEM 

Body Composition 

Body mass (kg) was assessed pre-training, every four weeks during training and 

after four weeks of detraining and the results are presented in Table 4. 

Table 4. Body mass (kg) over 16 weeks of training and four weeks of detraining for the 
resistance training (RT), aerobic training (AT) and control groups (C). 

RT AT C 
(n=10) (n=11) (n = 11) 

Owk 79.4 ± 4.5 78.9 ±4.3 73.3 ± 3.4 

4wk 79.4 ±4.9 77.9 ± 4.3 72.9 ± 3.4 

8wk 79.2 ± 4.7 77.2 ± 3.9 * 72.9 ± 3.3 

12wk 79.7 ± 4.8 76.8 ± 3.8 * 73.0 ± 3.3 

16wk 79.8 ±4.9 76.3 ± 3.8 * 73.1 ± 3.3 

20wk 79.5 ± 5.1 76.1 ± 3.8 * 73.1 ± 3.4 

Values are mean ± SEM. * P< 0.05 less than pre-training values (0 weeks); 16 -20 wk 
represents 4 wk detraining. 

Body mass did not change significantly over the 20 weeks of the study in the 

resistance training group and control group. For the aerobic training group, body 

mass was significantly (P< 0.05) lower after eight weeks of training and remained 

significantly lower until week 16. There was no significant difference in body mass 

for the aerobic training group between week 16 of training and four weeks post 

training/detraining. 
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There were no significant differences in pre-training values (0 week) of percent 

body fat among the three groups (Table 5). Percent body fat did not significantly 

change in the resistance training group and control group during the 16 weeks of 

training or during the four weeks of detraining. In the aerobic training group, 

percent body fat after 16 weeks training was significantly (P< 0.05) lower than pre

training values (0 week). Following four weeks of detraining, there was no 

significant difference in percent body fat in the aerobic training group compared to 

after 16 weeks training and pre-training values (0 week). 

As determined by DEXA, there were no significant differences in pre-training 

abdominal fat mass (g) among the three groups (Table 5). Abdominal fat mass did 

not significantly change in the resistance training group and control group during 

the 16 weeks of training or after four weeks of detraining. In the aerobic training 

group, abdominal fat mass was significantly (P< 0.05) lower after 16 weeks training 

compared to pre-training (0 Week). After four weeks of detraining, abdominal fat 

mass in the aerobic training group was significantly (P< 0.05) higher than after 16 

weeks training but not significantly different from pre-training (0 Week) (Table 5). 

There was a significant (P< 0.05) decrease (-9.9 ± 2.1%) in abdominal fat mass in 

the aerobic training group after the 16 weeks training compared to the resistance 

training group and control group (-0.4 ± 3.2% and +0.03 ± 1.9% respectively) 

(Figure 9). After four weeks detraining the change in abdominal fat was 

significantly (P< 0.05) greater (+6.9 ± 1.6%) in the aerobic group compared to the 

resistance and control groups (+1.2 ± 1.8% and +1.0 ± 0.9% respectively). 

There were no significant differences in pre-training leg lean mass (LLM) among 

the three groups (Table 5.). After 16 weeks training, LLM in the resistance training 

and aerobic training groups was significantly (P< 0.05) higher than pre-training 

values (0 Week). Following four weeks of detraining, the LLM in the resistance 

training group was significantly (P< 0.05) lower than after 16 weeks training but 

significantly greater than pre-training (0 Week) LLM. In the aerobic training group, 

the LLM was significantly (P< 0.05) lower after four weeks detraining compared to 
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after 16 weeks training but not significantly different from pre-training (0 Week) 

LLM. In the resistance training group there was a significant (P< 0.05) increase 

(+7.2 ±1.1%) in LLM (P< 0.05) after 16 weeks training compared to the aerobic 

training and control groups (+3.8 ± 1.6% and +1.1 ± 0.8% respectively). Afterfour 

weeks detraining there was a significant (P< 0.05) decrease in LLM in the 

resistance training and aerobic training groups (-3.4 ± 0.9% and -5.3 ± 1.4% 

respectively) compared to the control group (-0.04 ± 0.4%) (Figure 10). 

12 l1li Resistance training group 

10 
l1li Aerobic training group * 
l1li Control group 
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Figure 9. Percent change in abdominal fat after 16 weeks training and four 
weeks of detraining for the resistance training , aerobic training and control 
groups. Values are mean ± SEM. * P< 0.05, aerobic training group greater than 
resistance training and control groups. 
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Figure 10. Percent change in leg lean mass (LLM) after 16 weeks training and 
four weeks of detraining for the resistance training, aerobic training and control 
groups. Values are mean ± SEM. * P< 0.05, resistance training group greater 
than aerobic training and control groups; t P< 0.05, resistance training and 
aerobic training groups greater than control group; :j: P< 0.05, aerobic training 
group greater than control group. 
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Table 5. Body composition following 16 weeks training and four weeks of detraining for the resistance training (RT), aerobic training (AT) and control 
groul2s (C). 

RT AT C 
(n = 10) (n = 11) (n = 11) 

Variable Owk 16wk 20wk Owk 16wk 20wk Owk 16wk 20wk 

Body fat (%) 27±2 27±2 27±2 29± 1 27± 1 * 28± 1 24±2 24±2 24±2 

Whole body fat 21943 ± 2664 21816 ± 2715 22051 ±2741 23427 ±2170 21412± 1683 22257 ± 1891 18089 ±2171 17896 ± 2117 17980 ± 2057 
mass (g) 

Abdominal fat (g) 7006 ± 1133 6987 ± 1061 7319 ± 1259 7681 ±874 6830± 668 * 7374± 698 5654 ± 956 5635 ±946 5669 ± 947 

Whole body lean 54413 ± 2407 55036 ±2571 54542 ± 2772 52626 ±2169 52086 ± 2076 51059 ± 1926 52424± 1547 52544± 1495 52602 ± 1468 
mass (g) 

Leg lean mass (g) 10221 ±416 10976 ± 521 t 10601 ± 508:j: 10378 ± 526 10770± 542 t 10182 ± 489 # 10432 ± 337 10536 ± 310 10535 ±327 

Values are mean ± SEM. * P< 0.05, less than pre-training values (0 weeks); t P< 0.05, greater than pre-training values (0 weeks); :j: P< 0.05, less than after 16 
weeks training but greater than pre-training values (0 weeks); # P< 0.05, less than after 16 weeks training. 16 -20 wk represents 4 weeks detraining. 
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Muscular Strength 

Maximum muscular strength. as measured by 1 RM on the incline squat. was 

assessed pre-training. every four weeks during training and after four of weeks 

detraining (Table 6). There were no significant (P< 0.05) differences in pre-training 

maximum muscular strength (1 RM) among the three groups. 

Table 6. Maximum muscular strength (1RM) after 16 weeks of training and four 
weeks of detraining for the resistance training (RT). aerobic training (AT) and control 
groups (C) 

RT AT C 
n = 10 n = 11 n = 11 

Owk 40.9 ± 6.7 45.8 ± 7.9 47.8 ± 5.8 

4wk 57.3 ± 7.3 * 45.5 ± 8.0 47.9 ± 5.3 

8wk 66.5 ± 7.1 * 48.5 ± 7.7 46.8 ± 5.5 

12wk 72.5 ± 7.3 * 52.8 ± 8.1* 48.0 ±5.5 

16wk 79.2 ± 7.9 * 54.0 ± 8.0 * 48.3 ±5.5 

20wk 66.3 ± 7.3 * 48.5 ±7.2 48.0 ± 5.4 

Values are mean ± SEM. * P< 0.05. greater than pre-training values (0 weeks); 16 - 20 
wk represents 4 weeks detraining. 

For the resistance training group. maximum muscular strength (1 RM) increased 

significantly (P< 0.05) every four weeks over the sixteen-week training programme. 

Following four weeks of detraining. maximum muscular strength (1 RM) was 

significantly (P< 0.05) less than maximum muscular strength (1 RM) reported at 

weeks 12 and 16 of training. but still significantly (P< 0.05) higher than maximum 

muscular strength (1RM) values recorded pre-training (0 weeks). There was no 

significant difference in maximum muscular strength (1 RM) between values 

recorded after four weeks detraining (66.3 ± 7.3 kg) and values recorded after eight 

weeks of training (66.5 ± 7.1 kg). 
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For the aerobic training group there were no significant differences in maximum 

muscular strength (1RM) between pre-training (0 weeks) and weeks four and eight 

of training. After 12 and 16 weeks of aerobic training. maximum muscular strength 

(1RM) was significantly (P< 0.05) greater than pre-training (0 weeks) maximum 

muscular strength (1 RM). Following four weeks detraining. maximum muscular 

strength (1 RM) in the aerobic training group was significantly (P< 0.05) less than 

maximum muscular strength (1 RM) recorded at weeks 12 and 16 of training. There 

was no significant difference in maximum muscular strength (1 RM) after four 

weeks detraining compared to pre-training (0 weeks) and after the first eight weeks 

of training. No significant differences in maximum muscular strength (1 RM) were 

found in the control group during the training and detraining periods. 

The rate of gain in maximum muscular strength determined every four weeks of 

the 16 weeks training programme was significantly (P< 0.05) higher in the 

resistance training group compared to the control and aerobic training groups 

except during weeks 8 - 12 of training. During weeks 8 - 12 there was no 

significant difference in the rate of gain in maximum muscular strength between the 

resistance training and aerobic training groups (Table 7). In the aerobic training 

group the rate of gain in maximum muscular strength during weeks 4 - 8 and 8 - 12 

of training was significantly (P< 0.05) greater than the control group. After four 

weeks of detraining. there was no significant difference (p = 0.10) in the rate of 

decay in maximum muscular strength in the resistance training group (-17.4 ± 2%) 

and aerobic training group (-10.9 ± 2%). 
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Table 7. Rate of gain (%) in maximum muscular strength (1 RM) during sixteen weeks 
of training and rate of decay (%) following four weeks detraining for the resistance 
training (RT), aerobic training (AT) and control groups (C). 

0-4wk 4-8wk 8-12wk 12-16wk 16-20wk 

RT(n=10) 46.4±8%* 20.4±4%* 9.7±1%+ 10±0.6%* -17.4 ± 2% + 

AT(n=11) 0.2±5% 8.7±4%t 9.7±3%t 2.5±2% -10.9±2% t 

C (n=11) 2.6±3% -2.7±2% 2.6±2% 1.1 ± 2% -0.6 ± 1% 

Values are mean ± SEM. * P< 0.05, resistance training group greater than aerobic training and 
control group; :I: P<0.05, resistance training group greater than control group; t P< 0.05, aerobic 
training group greater than control group.(Percentages calculated with respect to previous 
value)16 - 20 weeks represents 4 wk detraining. 

After 16 weeks training, the overall increase in maximum muscular strength (1 RM) 

for the resistance training, aerobic training and control groups was 95 ± 0.6%, 21 ± 

1.3% and 4 ± 2.1 % respectively (Figure 11). Following four weeks of detraining 

maximum muscular strength (1 RM) in the resistance training group had declined 

by 17.4 ± 2% but was significantly (P< 0.05) greater (77 ± 2.3 %) than pre-training 

(0 weeks) values. Following four weeks of detraining in the aerobic training and 

control groups, maximum muscular strength (1 RM) had declined by 10.9 ± 2% and 

0.6 ± 1 % respectively. 
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Figure 11. Percent change in maximum muscular strength (1 RM) for the 
resistance training, aerobic training and control groups during 16 weeks of training 
and four weeks of detraining (wk 16-20). Values are mean ± SEM. * P< 0.05, 
resistance group greater than aerobic and control groups; P< 0.05, aerobic group 
greater than control group. Shaded area represents 4wk detraining. 
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Muscular Power and Rate of Force Development 

Rate of force development (RFD), maximum bilateral isometric force (MBIF) and force in 

500ms (F50oms) were determined pre-training (0 weeks), after 16 weeks training and after 

four weeks of detraining (Table 8). There were no significant differences in pre-training (0 

weeks) RFD, MBIF and F500ms among the three groups. 

In the resistance training group, but not in the aerobic training group, RFD after 16 weeks 

training was significantly (P< 0.05) higher than pre-training values (0 weeks). The MBIF 

and F500ms were significantly (P< 0.05) higher after 16 weeks training in both the resistance 

training group and aerobic training group when compared to pre-training (0 weeks) values. 

Following four weeks of detraining, RFD, MBIF and F500ms for the resistance training group 

were significantly (P< 0.05) lower compared to after week 16 of resistance training. MBIF 

and F500ms were still significantly (P< 0.05) higher after 4 weeks detraining compared to 

pre-training (0 weeks) values. In the aerobic training group there was no significant 

difference in RFD, MBIF and F500ms following four weeks detraining compared to pre

training (0 weeks) values. In the control group there was no significant difference in RFD, 

MBIF and F500ms over the 20 weeks of the study (Table 8). 

After 16 weeks training the change in RFD was significantly (P< 0.05) higher in the 

resistance group (14 ± 2%) compared to the change in RFD in the aerobic (5 ± 2%) and 

control (-1 ± 1%) groups (Figure 12). Following four weeks of detraining the change in 

RFD was significantly (P< 0.05) lower in the resistance (-8 ± 2%) and aerobic (-9 ± 3%) 

groups compared to the control (0.9 ± 1 %) group. 

The change in MBIF (25 ± 4%) of the resistance training group was significantly (P< 0.05) 

higher after 16 weeks of training when compared to the aerobic training group (12 ± 5%) 

and control (-1.2 ± 0.9%) group (Figure 13). The change in MBIF in the aerobic training 

group after 16 weeks of training was also significantly (P< 0.05) higher than the control 

group. After four weeks of detraining the change in MBIF in the resistance training (-14 ± 

2%) and aerobic training (-10 ± 4%) groups was significantly (P< 0.05) lower when 

compared to the control group (1 ± 1%). 
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In the resistance training group the change in Fsooms was significant (P< 0.05) higher (22 ± 

5%) after 16 weeks training compared to the aerobic training (9 ± 6%) and control (-3 ± 

2%) groups (Figure 14). In the aerobic training group the change in F500ms was also 

significantly (P< 0.05) higher than the control group after 16 weeks of training. After four 

weeks of detraining the change in Fsooms was significantly (P< 0.05) lower in the resistance 

training (-13 ± 2%) and aerobic training (-14 ± 7%) groups when compared to the control 

group (-0.2 ± 2%). 
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Figure 12. Percent change in maximum rate of force development (RFO) after 16 weeks 
training and four weeks of detraining for the resistance training, aerobic training and 
control groups. Values are mean ± SEM. * P< 0.05, resistance training group greater 
than aerobic training and control groups; t P< 0.05, resistance training and aerobic 
training groups greater than control group. 
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Figure 13. Percent change in maximum bilateral isometric force (MBIF) after 16 weeks 
training and four weeks of detraining for the resistance training, aerobic training and 
control groups. Values are mean ± SEM. * P< 0.05, resistance training group greater 
than aerobic training and control groups; t P< 0.05, aerobic training group greater than 
control group; :j: P< 0.05, resistance training and aerobic training groups greater than 
control group 
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Figure 14. Percent change in force in 500ms (F50oms) after 16 weeks training and four 
weeks of detraining for the resistance training, aerobic training and control groups. 
Values are mean ± SEM. * P< 0.05, resistance training group greater than aerobic 
training and control groups; t P< 0.05, aerobic training group greater than control group; 
+ P< 0.05, resistance training and aerobic training groups greater than control group. 

129 



Table 8. Maximum bilateral isometric force (MBIF). maximum rate afforce development (RFD) and force in 500ms (F5{)oms) following 16 weeks 
training and four weeks of detrainin~ in the resistance trainin~ (RT). aerobic training (AT) and control (e) groues. 

RT AT C 
(n = 10) (n = 11) (n = 11) 

Variable Owk 16wk 20wk Owk 16wk 20wk Owk 16wk 

MBIF (N) 702 ±42 878 ± 55 * 746±43t* 687 ±45 762 ± 51 • 679 ±48 t 724±65 711 ± 58 

RFD (N.s·1 
) 976 ± 125 1109 ± 140' 1014 ± 128 * 966 ± 82 1035±101 953 ± 86t 895 ± 87 882± 83 

Fsooms (N) 407 ± 56 478±47* 425 ± 53 t * 384 ± 35 425 ±43 * 354±36t 363 ±36 351 ± 37 

Values are mean ± SEM.· P< 0.05, greater than pre-training values (0 weeks); t P< 0.05. less than after 16 weeks training; 16 -20 wk represents 4 wk 
detraining 

20wk 

706 ±63 

892±88 

348±35 

130 



" 
I 
I 

I 

I ' 

THE CARDIOVASCULAR SYSTEM 

Peak Oxygen Consumption (V02 peak) 

Peak oxygen consumption (V02 peak), peak power (W), peak ventilation (L .min·' ) 

and peak heart rate (beats· min") was assessed pre·training (0 weeks), every four 

weeks during training and after four weeks of detraining (Table 9). There were no 

significant differences in pre·training values of V0 2 peak (ml ·kg·' .min·' ), peak 

power, peak ventilation (V E peak) and peak heart rate (HR peak) among the three 

groups. 

In the resistance training group there was no significant difference in V0
2 

peak 

and peak power during the first eight weeks of training. After 12 weeks of training, 

V02 peak and peak power were significantly (P< 0.05) higher compared to the first 

four weeks of training (Table 9). After 16 weeks of training, V0
2 

peak and peak 

power were significantly (P< 0.05) higher compared to the first eight weeks of 

training. After four weeks of detraining, V02 peak and peak power were 

significantly (P< 0.05) lower, compared to weeks 12 and 16 of training and not 

significantly different from weeks four and eight of training and pre·training values 

(0 weeks). There were no significant differences in peak HR and peak VE for the 

resistance training group over the 16 weeks of training and four weeks of 

detraining. 

In the aerobic training group, V02 peak increased significantly (P< 0.05) every 

four weeks of the 16 week training programme. There was no significant difference 

in peak power during the first four weeks of training. Peak power was significantly 

(P< 0.05) higher after eight weeks of training compared to four weeks of training 

and pre·training values (0 weeks). After 12 weeks of training, peak power was 

significantly (P< 0.05) higher compared to weeks four and eight of training and pre

training values (0 weeks). After 16 weeks of training, peak power was significantly 

(P< 0.05) higher compared to weeks four, eight and twelve of training and pre

training values (0 weeks). There was no significant difference in peak V E for the 
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aerobic training group during the first eight weeks of training. After 12 weeks 

training peak VE was significantly (P< 0.05) higher compared to weeks four and 

eight of training and pre-training (0 weeks) values. After 16 weeks training peak 

VE was significantly (P< 0.05) higher compared to weeks four, eight and twelve of 

training and pre-training (0 weeks) values. Following four weeks of detraining, 

V0 2 peak and peak power were significantly (P< 0.05) lower compared to weeks 

12 and 16 of training but still significantly (P< 0.05) higher than pre-training (0 

weeks) values (Table 9). Peak VE was significantly (P< 0.05) lower after four 

weeks detraining compared to weeks 12 and 16 of training but not significantly (P< 

0.05) different from weeks four and eight of training and pre-training (0 weeks) 

values. Peak HR did not change significantly (P< 0.05) in the aerobic group over 

the duration of the study. 

No significant differences were found in V0 2 peak, peak power, peak VE and HR 

peak in the control group over the 16 weeks of training and four weeks of 

detraining. 
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Table 9. Peak exercise results over 16 weeks of training and four weeks of detraining for the resistance training (RT), aerobic training 
(AT) and controls (C) grouQs. 

Variable Owk 4wk 8wk 12wk 16 wk 20wk 

RT (n = 10) 

VOz peak (mL .kg·
'
.min·' ) 24.2± 1.0 24.5± 0.8 24.8 ± 0.8 25.5 ± 0.9 * 26.2 ± 0.9 # 24.2 ± 1.0 a 

Peak Power 0N) 153± 7 154±7 156± 7 161 ± 6 * 165 ± 7 # 156 ± 7 a 

Peak V E (L .min·') 80.4 ±4.9 80.2 ± 6.7 86.1 ± 5.3 85.1 ± 5.7 84.2 ± 4.9 82.9 ± 6.5 

HR peak (beats· min") 153±5 152±5 154±5 154±5 154±4 154± 5 

AT(n=11) 

VOz peak (mL .kg·'.min·') 22.6 ±0.7 23.3 ± 0.9 b 24.3 ± 0.9 b 25.0 ± 1.0 b 25.9 ± 0.9 b 23.6 ± 0.8 c 

Peak Power (W) 144±5 145± 5 152 ± 5 * 162 ± 7 # 168 ± 6 d 155 ± 6 c 

Peak V E (L .min·' ) 71.6±4.7 71.3 ±4.7 76.3 ± 5.0 79.7 ± 5.1 # 86.7 ± 5.3 d 73.3 ±4.5 3 

HR peak (beats· min") 150 ±4 148±3 150±4 151 ±4 152±4 150±4 

C(n=11) 

V02 peak (mL .kg·' .min·' ) 25.8± 1.3 25.4±1.1 25.0 ± 1.1 25.4 ± 1.2 25.3± 1.2 26.0± 1.2 

Peak Power 0N) 155±7 153 ±7 153±7 155±7 156± 7 155± 7 

Peak VE (L .min·') 82.9 ±4.4 78.3±4.6 77.3 ±4.0 81.4 ±4.4 82.3±4.6 83.0 ±4.3 

HR peak (beats· min") 152±3 150± 3 150 ±3 150 ±3 151 ± 3 152±3 

Values are mean ± SEM. V02 peak, peak oxygen uptake; peakVE , peak ventilation; peak HR, peak heart rate. * P< 0.05, greater than 
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after four weeks training and pre-training (0 weeks) value; # P< 0.05, greater than weeks four and eight of training and pre-training (0 
weeks) values; a P< 0.05, lower than weeks12 and 16 of training; b P< 0.05, greater than preceding four weeks training; C P< 0.05, lower 
than weeks 12 and 16 of training and higher than week four of training and pre-training (0 weeks) values; d P< 0.05, greater than weeks 
four and eight of training and pre-training (0 weeks) values. 16 -20 wk represents 4 wk detraining. 
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In the resistance training group the rate of gain in V02 peak was significantly 

higher after eight, twelve and sixteen weeks of training compared to the control 

group (Table 10). In the aerobic training group, the rate of gain in V02 peak every 

four weeks over the 16 weeks of training was significantly (P< 0.05) higher 

compared to the control group. The rate of gain in V0 2 peak during weeks four 

and eight of training were significantly (P< 0.05) higher in the aerobic training 

group compared to the resistance training group (Table 10). There was no 

significant difference in the rate of gain in V02 peak between the resistance 

training and aerobic training groups over the last 8 weeks of training. 

During the four weeks of detraining there was no significant difference in the rate 

of decay in V02 peak between the resistance training and aerobic training 

groups, although the decay in V0 2 peak was significantly (P< 0.05) higher in the 

resistance and aerobic training groups compared to the control group. 

Table 10. Rate of gain (%) in V0 2 peak during sixteen weeks of training and rate 

of decay (%) following four weeks detraining for the resistance training (RT), 
aerobic training (AT) and control groups (C). 

0-4 wk 4 -8wk 8 -12 wk 12-16wk 16-20wk 

RT (n=10) 0.9 ± 0.3% 2.9 ± 0.7% + 2.1 ± 0.6% + 2.2 ± 0.6%+ -6.9 ± 1.6% + 
AT (n=11) 3.1 ± 1.1 % * 4.2 ± 1.5% * 3.4 ± 0.8% t 3.1±0.7%t -8.7 ± 0.9% t 

C (n=11) -0.8 ± 0.9% -1.5 ± 1.0% 0.1 ± 1.0% -0.3 ± 0.5% 0.1 ±0.9% 

Values are mean ± SEM. * P< 0.05, aerobic training group greater than resistance training 
and control group; t P< 0.05, aerobic training group greater than control group; =1= P< 0.05, 
resistance training group greater than control group; (Percentages calculated with respect to 
previous value.) 16 -20 wk represents 4 wk detraining. 
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After 16 weeks training, the overall increase in in V02 peak for the resistance 

training, aerobic training and control groups was 8 ± 0.8%, 15 ± 2.5% and -2 ± 

0.6% respectively (Figure 15). Following four weeks of detraining V02 peak in the 

aerobic training group had declined by 8.7 ± 0.9% although remained significantly 

(P< 0.05) higher (5 ± 2.9%) than pre-training (0 weeks) values. Following four 

weeks of detraining, V0 2 peak had declined by 6.9 ± 1.6% and 0.1 ± 9% in the 

resistance training and control groups respectively and were not significantly 

different from pre-training (0 weeks) values. 

The overall increase in peak power over the 16 week training period for the 

resistance training, aerobic training and control groups was 7.6 ± 0.9%, 16.5 ± 

1.8% and 0.8 ± 1.1% respectively (Figure 16). After four weeks detraining, peak 

power remained significantly (P< 0.05) higher than pre-training (0 weeks) values (8 

± 1.6%) in the aerobic training group. In the resistance training group and control 

group peak power had declined by 6.3 ± 1.4% and 0.5 ± 1.1% respectively 

following four weeks of detraining and were not significantly different from pre

training (0 weeks) values. 
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Figure 15. Percent change in V02 peak for each group during 16 weeks of 

training and four weeks detraining (wk 16-20). Values are mean ± SEM. * P< 
0.05, aerobic training group greater than resistance training and control groups; 
t P< 0.05, aerobic training group greater than control group; :t: P< 0.05, 
resistance training group greater than control group. Shaded area represents 4wk 
detraining. 
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Figure 16. Percent change in peak power (cycle ergometer) for each group 
during 16 weeks of training and four weeks detraining (wk 16-20). Values are 
mean ± SEM. * P< 0.05, aerobic training group greater than resistance training 
and control groups; t P< 0.05, resistance training group greater than control 
group. Shaded area represents 4 wk detraining. 
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Peak Cardiac Output (Q ) 

Cardiac output was measured during 30 minutes of continuous exercise on an 

electronically braked cycle ergometer at three, ten-minute sub-maximum exercise 

intensities (30W or 40W, 50% and 70% V02 peak). At each exercise intensity 

(30W or 40W, 50% and 70% V02 peak), Q was measured on two occasions, with 

the first measurement occurring after four minutes of cycling and the second 

measurement of Q occurred after nine minutes of cycling to allow for the washout 

of C2H2 from the previous measurement of Q. Peak cardiac output was then 

estimated by multiplying the SV volume calculated at 70% of V02 peak by the 

maximum HR attained during the incremental exercise test to exhaustion. 

In the resistance training group there was no significant change in peak Q after 16 

weeks training and after four weeks of detraining (Table 11). In the aerobic training 

group there was a significant (P< 0.05) increase in peak Q after 16 weeks training 

(13.4 ± 0.4 L· min·
j 
pre training vs 15.1 ± 0.4 L . min,j after 16 wk training) and after 

four weeks of detraining (14.7 ± O.4L· min,j). No significant differences were found 

in peak Q in the control group over the 16 weeks. 
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Table 11. Peak cardiac output (Q), stroke volume (SV) and arterio-venous oxygen 
difference (a - V 02 diff) for the resistance training (RT), aerobic training (AT) and 

control (C) groups pre-training (Owk), after 16 weeks training and after four weeks 
detraining (20wk). 

Variable Owk 16wk 20wk 

RT (n = 10) 

V02 peak (L· min") 1.95 ± 0.10 2.13 ± 0.12 * 1.98±0.12 

HR peak (beats. min" ) 153 ±5 154 ±4 154 ± 5 

SV peak (mL . bear') 88±6 89 ±7 88±7 

Q peak (L· min") 13.2 ± 0.7 13.7 ± 0.8 13.5 ± 0.9 

Peak a - V O2 diff (mL 02·100mL·') 14.7 ± 0.5 15.7 ± 0.6 * 14.6 ± 0.5 t 

AT (n = 11) 

V02 peak (L.min·' ) 1.88 ± 0.12 2.11 ± 0.07 * 1.96 ± 0.06 * 

HR peak (beats· min") 150 ± 4 152 ±4 150 ±4 

SV peak (mL. bear') 91±4 100 ± 7 * 99 ± 8 * 

Q peak (L.min-') 13.4 ± 0.4 15.1±0.4* 14.7 ± 0.4 * 

Peak a - V O2 diff (mL 02'100mL-1) 14.1 ± 0.9 14.0 ± 0.6 13.4 ± 0.6 

C(n=11)# 

V02 peak (L. min-1) 1.91 ± 0.11 1.89 ± 0.10 1.92 ± 0.13 

HR peak (beats.min-1) 152 ± 3 151 ± 3 152 ± 3 

SV peak (mL . bear') 86±6 87 ±6 

Q peak (L· min-1) 13.2 ± 0.4 13.4 ± 0.5 

Peak a- V 02 diff (mL 02·100mL-1) 14.4 ± 0.6 14.1 ± 0.5 

Values are mean ± SEM. V02 peak, peak oxygen uptake; HR peak, peak heart rate; Q peak, 
peak cardiac output; peak a - Ii 02 difference, peak artenal venous difference; SV peak, peak 
stroke volume. * P< 0.05 greater than pre-training values, t P< 0.05 less than after 16 weeks 
training. 20wk is after 4 wk detraining 
# Cardiac output was not measured after four weeks of detraining in the control group. 
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Sub-maximum Exercise 

Cardiac output (Q) and other associated cardiovascular variables were assessed 

during three ten minute sub-maximum exercise intensities (40 Watts, 50% and 

70% of V02 peak) pre-training (0 weeks), after 16 weeks training and again after 

four weeks of detraining (Tables 12,13,14). Plasma blood lactate concentration 

[La'] was measured at rest, and after nine minutes of cycle exercise at 40 Watts, 

50% and 70% V02 peak with a further lactate measurement taken 15 minutes 

after the completion of cycling at 70% V02 peak (Figures 17, 18 & 19). 

40 Walts 

In the resistance-training group there was no significant difference in ventilation 

(Vel, RER, oxygen consumption (V02 ) and arterio-venous oxygen difference (a

y O2 diff), after 16 weeks training or four weeks of detraining. Heart rate was 

significantly (P< 0.05) lower after 16 weeks training (88 ± 4 beats·min-1
) and after 

four weeks of detraining (87 ± 4 beats·min-1
) compared to pre-training (0 weeks) 

values (95 ± 5 beats·min-\ Stroke volume was significantly (P< 0.05) higher after 

16 weeks training (85 ± 6 mL.bear1
) and four weeks of detraining (88 ± 6 mL·beaf 

1) when compared to pre-training (0 weeks) values (78 ± 5 mL.bear1) (Figure 20). 

There was no significant difference in cardiac output (Q ) after 16 weeks training or 

four weeks of detraining in the resistance training group. 

Systolic blood pressure (SBP) and the rate-pressure-product (RPP) were 

significantly (P< 0.05) lower after 16 weeks training (142 ± 5 mmHg & 126 ± 8 x 10-

2 mmHg. beats· min-1 respectively) and four weeks of detraining (137 ± 5 mmHg & 

120 ± 8 x 10-2 mmHg· beats· min-1 respectively) when compared to pre-training (0 

weeks) values (150 ± 6 mmHg & 143 ± 10 x 10-2 mmHg· beats· min-1 respectively). 

There was no significant difference in diastolic blood pressure (DBP), mean arterial 

pressure (MAP) and total peripheral resistance (TPR) after 16 weeks training or 

four weeks of detraining (Table 12). 
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In the aerobic-training group there was no significant difference in ventilation (VE), 

RER, oxygen consumption ('V02 ) and arterio-venous oxygen difference (a- Y O2 

diff), after 16 weeks training or four weeks of detraining. Heart rate was significantly 

(P< 0.05) lower after 16 weeks training (82 ± 2 beats.min-1) and four weeks of 

detraining (82 ± 3 beats.min-1) when compared to pre-training (0 weeks) values (87 

± 4 beats.min"1). Stroke volume was significantly (P< 0.05) higher after 16 weeks 

training (92 ± 3 mL.bear1) and four weeks of detraining (90 ± 4 mL.bear1) when 

compared to pre-training (0 weeks) values (82 ± 1 mL.bear1) (Figure 20). There 

was no Significant difference in cardiac output (Q) after 16 weeks training or four 

weeks of detraining in the aerobic training group. 

Systolic blood pressure (SBP), mean arterial pressure (MAP), the rate-pressure

product (RPP), and total peripheral resistance (TPR) were significantly (P< 0.05) 

lower after 16 weeks training and four weeks of detraining when compared to pre

training (0 weeks) values (Table 13). 

In the control group there were no significant differences in the cardiovascular 

response to cycle exercise at 40 watts after 16 weeks training and four weeks 

detraining (Table 14). 

50% of V0 2 peak 

In the resistance training group there was no significant difference in ventilation 

(VE), RER, oxygen consumption (V02 ) cycle ergometer power and arterio-venous 

oxygen difference (a- Y O2 diff) after 16 weeks training or four weeks of detraining. 

Heart rate was significantly (P< 0.05) lower after 16 weeks training (95 ± 3 

beats.min·1) and four weeks of detraining (94 ± 6 beats·min·1) when compared to 

pre-training (0 weeks) values (101 ± 4 beats.min-1). There was no Significant 

difference in stroke volume (SV) after 16 weeks of training or four weeks of 
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detraining (Figure 21). Systolic blood pressure (SSP), diastolic blood pressure 

(DSP), mean arterial pressure (MAP), the rate-pressure-product (RPP), and total 

peripheral resistance (TPR) were not significantly (P< 0.05) different after 16 

weeks training or four weeks detraining (Table 12). 

In the aerobic training group there was no significant difference in ventilation (VE), 

RER and oxygen consumption (\;0 2 ) after 16 weeks training or after four weeks of 

detraining. Cycle ergometer power was significantly (P< 0.05) higher after 16 

weeks training (53 ± 2 W) compared to after four weeks of detraining (44 ± 4 W) 

and pre-training (0 weeks) values (44 ± 4 W). Heart rate was significantly (P< 0.05) 

lower after 16 weeks training (85 ± 3 beats.min·1) and four weeks of detraining (85 

± 4 beats.min,1) when compared to pre-training (0 weeks) values (91 ± 4 beats· min' 

1). Stroke volume (SV) was significantly (P< 0.05) higher after 16 weeks training 

(99 ± 4 mL.bear1) and four weeks of detraining (100 ± 4 mL.bear1) when compared 

to pre-training (0 weeks) values (91 ± 4 mL.bear1) (Figure 21). There was no 

significant difference in cardiac output (Q) and arterio-venous oxygen difference 

(a- ,,02 diff) after 16 weeks training or after four weeks of detraining. 

Systolic blood pressure (SSP), diastolic blood pressure (DSP), mean blood 

pressure (MAP), the rate-pressure-product (RPP), and total peripheral resistance 

(TPR) were significantly (P< 0.05) lower after 16 weeks training and four weeks of 

detraining when compared to pre-training (0 weeks) values (Table 13). 

In the control group there were no significant differences in the cardiovascular 

response to cycle exercise at 50% of \;02 peak after 16 weeks (Table 14). 
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70% of V02 peak 

In the resistance-training group there was no significant difference in ventilation 

(VE) and RER after 16 weeks training or after four weeks of detraining. Cycle 

ergometer power, oxygen consumption (V02 ) and arterio-venous oxygen 

difference (a- y02 diff) were significantly (P< 0.05) higher after 16 weeks training 

compared to after four weeks of detraining and pre-training (0 weeks) values 

(Table 11). There were no significant differences in heart rate (HR) and stroke 

volume (SV) after 16 weeks of training or four weeks of detraining (Figure 21). 

Systolic blood pressure (SBP), mean blood pressure (MAP), and the rate-pressure

product (RPP) were significantly (P< 0.05) lower after four weeks detraining 

compared to pre-training (0 weeks) values. There were no significant differences in 

diastolic blood pressure (DBP) and cardiac output (Q ) after 16 weeks of training or 

four weeks of detraining (Table 12). 

In the aerobic-training group there was no significant difference in ventilation (VE) 

and RER after 16 weeks training compared to pre-training (0 weeks) values. 

Ventilation (VE) was significantly (P< 0.05) lower after four weeks detraining 

compared to after 16 weeks training. Cycle ergometer power and oxygen 

consumption (V0 2 ) were significantly (P< 0.05) higher after 16 weeks training 

compared to after four weeks of detraining and pre-training (0 weeks) values (for 

values see Table 13). Heart rate (HR) was significantly (P< 0.05) lower after 16 

weeks training (104 ± 4 beats· min") and four weeks of detraining (103 ± 5 

beats· min") when compared to pre-training (0 weeks) values (112 ± 6 beats.min-'). 

Stroke volume (SV) was significantly (P< 0.05) higher after 16 weeks training (100 

± 7 mL.bear') and four weeks of detraining (99 ± 8 mL.bear') when compared to 

pre-training (0 weeks) values (91 ± 4 mL.bear') (Figure 22). There were no 

significant differences in cardiac output (Q), arterio-venous oxygen difference (a

Y02 diff) and systolic blood pressure (SBP) after 16 weeks of training or four 

weeks of detraining 

143 



IJ 

Diastolic blood pressure (DBP), mean blood pressure (MAP), and total peripheral 

resistance (TPR) were significantly (P< 0.05) lower after 16 weeks training and four 

weeks of detraining when compared to pre-training (0 weeks) values. The rate

pressure-product (RPP) was significantly (P< 0.05) lower after four weeks 

detraining when compared to pre-training (0 weeks) values (Table 13). 

In the control group there were no significant differences in the cardiovascular 

responses to cycle exercise at 70% of V02 peak either after 16 weeks training or 

after four weeks detraining (Table 14). 

Plasma blood lactate concentration [La-J 

Plasma blood lactate concentration [La'] was measured pre-training (week 0), after 

16 weeks training and after four weeks detraining (except for the control group). 

Samples were taken pre-exercise, during 30 minutes of continuous exercise on an 

electronically braked cycle ergometer at three, ten-minute exercise intensities 

(30W or 40W, 50% and 70% V02 peak) and 15 minutes after the completion of 

the 30 minutes of cycle exercise. At each exercise intensity, plasma [La'] was 

measured after nine minutes of cycle exercise. 

In the resistance-training group there was no significant difference in plasma [La'] 

at 40 Watts, 50% and 70% V02 peak and 15 minutes post exercise after the 16 

weeks of training or four weeks of detraining (Figure 17). 

In the aerobic training group, plasma [La'] was significantly (P< 0.05) lower at 40 

Watts, 50% and 70% V02 peak and 15 minutes post exercise after the 16 weeks 

of training and four weeks of detraining compared to pre-training (week 0) values 

(Figure 18). 

In the control group there was no significant difference in plasma [La'] at 40 Watts, 

50% and 70% V0 2 peak and 15 minutes post exercise after the 16 weeks of 

training or four weeks of detraining (Figure 19). 
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Figure 17. Change in plasma blood lactate concentration pre-exercise, during a sub-maximum cycle test at three workrates 
and 15 minutes post-exercise for the resistance training group before training, after 16 weeks of training and after 4 weeks 
detraining. Values are mean ± SEM. 
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Figure 18. Change in plasma blood lactate concentration pre-exercise, during a sub-maximum cycle test at three workrates 
and 15 minutes post-exercise for the aerobic training group before training, after 16 weeks of training and after 4 weeks 
detraining. Values are mean ± SEM. * P<O.05, higher than after 16 weeks training and after four weeks detraining. 
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Figure 19. Change in plasma blood lactate concentration pre-exercise, during a sub-maximum cycle test at three 
workrates and 15 minutes post-exercise for the resistance training group before training, and after 16 weeks of training. 
Values are mean ± SEM. (Plasma lactate was not measured in the control group after 4 weeks detraining). 
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Table 12. Cardiovascular responses of the resistance training group during sub-maximum exercise at absolute and relative intensities. 

Resistance training group 

40 Walts 50% V02 peak 70% V02 peak 

Pre-training 16wk 20wk Pre-training 16wk 20wk Pre-training 16wk 20wk 
training training training 

VE (L ·min·') 31.5± 1.3 31.0 ± 1.1 32.0±0.9 37.7±1.7 37.3±1.9 36.5± 1.9 50.0 ± 2.4 53.5 ± 3.5 48.5±2.5 

RER 0.89 ± 0.02 0.88 ± 0.02 0.92 ± 0.03 0.94 ± 0.02 0.91 ± 0.02 0.95 ± 0.02 0.99 ± 0.03 0.98 ± 0.02 0.99 ± 0.03 

Power ryJ) 40 40 40 54±6 55±6 53±6 81 ±8 86±7 b 79±6 

V02 (L.min·') 0.98 ± 0.04 0.96 ± 0.04 0.93 ± 0.03 1.12 ± 0.08 1.11±0.Q7 1.09 ± 0.07 1.42 ± 0.08 1.53±0.10 b 1.40 ± 0.08 

HR (beats· min" ) 95±5 88±4* 87±4* 101 ±4 95±3* 94±6* 120±5 117±4 115±7 

SV (mL.bear') 78±5 85±6t 88±6t 85±6 86±5 88±6 88±6 89±7 89±7 

Q (L.min·') 7.3± 0.3 7.4±0.3 7.5 ± 0.2 8.4 ± 0.4 8.1 ± 0.3 8.4 ± 0.2 10.6 ± 0.4 10.3 ± 0.5 10.0 ± 0.4 

a-v02 diff (mL 02'100mL") 13.6± 0.3 13.2 ± 0.5 12.4 ± 0.5 13.2 ± 0.5 13.7 ± 0.6 12.9 ± 0.6 13.5 ± 0.4 14.9 ± O.4b 14.0 ± 0.4 

SBP (mmHg) 150±6 142 ± 5* 137 ± 5* 158± 6 152±3 145±4 179±3 170 ±3 169 ±4* 

DBP (mmHg) 87±2 86±3 85±2 88±2 88±3 87±2 90 ±2 90±3 86±2 

MAP (mmHg) 108± 3 105 ±4 104±3 111 ± 3 110±3 107±3 120±2 117±3 114 ± 2* 

RPP (mmHg.beats.min·') 143 ± 10 126 ± 8* 120 ± 8* 160 ± 10 145±6 143±9 219 ± 10 199±6 187 ± 13* 

TPR (dyne·s·cm-5) 15.0 ± 0.7 14.6 ± 0.7 14.7 ± 0.5 13.4±0.7 13.8 ± 0.7 12.9 ± 0.5 12.0 ± 0.5 11.8±0.7 11.5 ± 0.6 

Values are mean ± SEM. * P< 0.05, less than pre-training values; t P< 0.05, greater than pre-training values; a P< 0.05, less than after 16 weeks training; b P< 0.05, 
greater than pre-training and after four weeks detraining. VE, ventilation (BTPS); RER, respiratory exchange ratio; V02, oxygen consumption; HR, heart rate; SV, stroke 

volume; Q, cardiac output; a-V O2 diff, arterio-venous oxygen differenoe; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; RPP, 
rate pressure product; TPR, total peripheral resistance. Week 20 represents 4 wk of detraining. 
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Table 13. Cardiovascular responses of the aerobic training group during sub-maximum exercise at absolute and relative intensities 

Aerobic Group 

Workrate 40 Watts 50% VOz peak 70% VOz peak 

Pre-training 16wk 20wk Pre-training 16wk 20wk Pre-training 16 wk 20wk 
training training training 

VE (L .min·1) 29.0 ± 3.0 27.2± 1.5 27.0 ± 1.6 30.6 ±2.4 33.0 ± 1.7 28.7± 1.8 51.7 ± 3 54.5 ±2 48.8 ±2.6 a 

RER 0.83 ± 0.03 0.85 ± 0.01 0.88 ± 0.02 0.89 ± 0.02 0.90 ± 0.01 0.90 ± 0.01 0.94 ± 0.02 0.94 ± 0.01 0.95 ± 0.01 

Power(W) 40 40 40 44±4 53±2 b 44±4 70±6 84±4 b 71±5 

V02 (L.min·' ) 0.93 ± 0.05 0.90 ± 0.03 0.86 ± 0.03 1.03 ± 0.06 1.06 ± 0.02 0.95 ± 0.04 1.33 ± 0.10 1.41 ± 0.05 b 1.27 ± 0.07 

HR (beals.min·' ) 87±4 82 ±2* 82 ±3* 91 ±5 85± 3* 85±4* 112 ± 6 104 ±4* 103 ± 5* 

SV (mL.bear' ) 82± 1 92±3t 90±4t 91 ±4 99±4* 100 ±4* 91 ±4 100 ± 7* 99 ±8* 

Q (L.min·' ) 6.8±0.3 7.1 ± 0.2 7.0± 0.3 8.0 ± 0.4 8.3 ± 0.2 8.3 ± 0.3 10.2 ± 0.5 10.5 ± 0.4 10.0 ± 0.4 

a-v02 diff (mL 02'100mL-1) 13.3 ± 0.8 12.6 ± 0.5 12.2 ± 0.4 12.8 ± 0.3 12.7 ± 0.5 11.8 ± 0.3 13.2 ± 0.7 13.3 ± 0.5 12.7 ± 0.8 

SSP (mmHg) 144± 5 136 ± 3* 134 ± 2* 157±2 147 ± 4* 145 ± 3* 167± 3 164± 6 161 ±2 

DSP (mmHg) 86 ±2 81 ±3 78±2 89 ±2 81 ± 3* 80 ±2* 90 ±2 82±3* 81 ± 2* 

MAP (mmHg) 107± 3 99±3* 98±2* 111 ± 2 103 ± 3* 102 ± 2* 115 ± 2 109 ± 3* 108 ± 2* 

RPP (mmHg·beats·min·' ) 128 ± 11 112±10* 112 ± 7* 142±7 126 ± 9* 126 ± 9* 180 ± 14 174 ± 13 160 ± 8* 

TPR (dyne·s.cm-5) 15.3 ± 0.3 13.7 ± 0.6* 13.9±0.4* 13.9 ± 0.7 12.4 ± 0.3* 12.2 ± 0.4* 11.8±0.5 10.8 ± 0.4* 10.7 ± 0.4* 

Values are mean ± SEM. * P< 0.05, less than pre-training values; t P< 0.05, greater than pre-training values; =I: P< 0.05, less than pre-training and after 16 weeks training; 
a P< 0.05, less than after 16 weeks training; b P< 0.05, greater than pre-training and after four weeks detraining. VE, ventilation (BTPS); RER, respiratory exchange ratio; 
V02, oxygen consumption; HR, heart rate; SV, stroke volume; Q, cardiac output; a-v02 diff, arteno-venous oxygen difference; SSP, systolic blood pressure; DBP, 
diastolic blood pressure; MAP, mean artenal pressure; RPP, rate pressure product; TPR, total penpheral resistance. Week 20 represents 4 wk of detraining 

149 



Table 14. Cardiovascular responses of the control group during sub-maximum exercise at absolute and relative intensities 

Workrate 

VE (L .min'1) 

RER 

PowerCN) 

\;02 (L.min,1) 

HR (beats.min,1) 

Q (L.min,1) 

SV (mL.bear1) 

a-v02 diff (mL 02'100mL,1) 

SSP (mmHg) 

DSP (mmHg) 

MAP (mmHg) 

RPP (mmHg.beats.min,1) 

TPR (dyne.s·cm,5) 

Pre-training 

29.4±1.6 

0.87 ± 0.03 

40 

0.89 ± 0.03 

91 ±5 

7.6 ±0.2 

81±4 

12.1 ±0.3 

145±8 

79±3 

101 ±4 

136 ± 14 

14.8 ± 0.5 

40 Watts 

16 wk training 

29.6 ± 2.0 

0.87 ± 0.03 

40 

0.87 ± 0.03 

91 ±3 

7.7±0.2 

83±3 

11.6 ± 0.7 

147±5 

79±3 

102 ±3 

134±9 

14.4 ± 0.7 

Control Group 

50% \;02 peak 70% \;02 peak 

Pre-training 16 wk training Pre-training 16 wk training 

29.7 ± 2.3 29.9 ± 2.4 41.4±3.3 41.9 ± 3.6 

0.89 ± 0.03 0.87 ± 0.03 0.93 ± 0.02 0.94 ± 0.02 

42±3 42±3 68±5 68±5 

0.89 ± 0.03 0.91 ± 0.05 1.21 ± 0.06 1.19 ± 0.07 

94±3 93±4 115 ±4 115 ± 5 

7.7± 0.3 8.0± 0.3 9.8± 0.5 10.0 ± 0.5 

82±4 83±6 86± 6 87±6 

11.4±0.3 11.9±0.7 12.3 ± 0.4 12.3 ± 0.5 

150 ± 7 149 ±5 169 ± 7 172 ± 7 

81 ±3 79±2 82±2 82±2 

104±3 103 ±3 111 ± 3 112 ± 3 

140±9 137±9 193 ± 12 195±13 

13.3 ± 0.7 13.5 ± 0.6 12.0 ± 0.4 11.7±0.6 

Values are mean ± SEM. VE, ventilation (STPS); RER, respiratory exchange ratio; 1;°2, oxygen consumption; HR, heart rate; SV, stroke volume; Q, cardiac output; a
V O2 diff, arterio-venous oxygen difference; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; RPP, rate pressure product; TPR, 
total peripheral resistance. 
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Figure 20. Stroke volume and heart rate at 40 Watts, before training (0 
weeks), after 16 weeks training and after four weeks of detraining (16 - 20 
weeks) in the resistance training, aerobic training and control groups. 
Values are mean ± SEM. * P< 0.05, higher than pre-training values; t P< 
0.05, lower than pre-training values. 
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Figure 21. Stroke volume and heart rate at 50% of V0 2 peak, before 
training (0 weeks), after 16 weeks training and after four weeks of detraining 
(16 - 20 wk) in the resistance training, aerobic training and control groups. 
Values are mean ± SEM .• P< 0.05, higher than pre-training values; t P< 
0.05, lower than pre-training values. 

16 

152 



'c 
'E 
iJ ro 
<IJ 
.Q 

110 . 

105 

100 

95 

90 

85 

80 

75· 

70 

130 

125 

120 

115 

70% V02 peak * * 

III Resistance training group 
• Aerobic training group 
• Control group 

f 

~ 

110 2 
t t f I 
f f 

~ 
t 105 ro 
<IJ 
I 

100 

95· 

90 + ----j---+- ---------

o 16 20 0 

Time (wks) 

. I 

16 20 

I 

o 16 

Figure 22. Stroke volume and heart rate at 70% of i/02 peak, before 
training (0 weeks), after 16 weeks training and after four weeks of 
detraining (16 - 20 wk) in the resistance training, aerobic training and 
control groups. Values are mean ± SEM. * P< 0.05, higher than pre-training 
values; t P< 0.05, lower than pre-training values 
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Anabolic Hormones 

The anabolic hormones growth hormone (GH), insulin-like growth factor 1 (IGF-1), 

testosterone, sex-hormone binding globulin (SHBG), and free testosterone were 

measured at rest and after 30 minutes of continuous sub-maximum cycle exercise 

(10 mins at 40 Watts, 10 mins at 50% 110 2 peak and 10 mins at 70% 1102 peak) 

pre-training (0 wk), after 16 weeks training and after four weeks of detraining for 

the resistance and aerobic training groups. The concentration of anabolic 

hormones was assessed in the control group pre-training and after 16 weeks 

training but not after four weeks of detraining for financial reasons. 

Growth hormone (GH) 

There were no significant differences in resting GH concentration pre-training (0 

week), after 16 weeks training and after four weeks of detraining among the 

resistance training, aerobic training and control groups. There were no significant 

differences in GH concentration after sub maximal exercise compared to pre

training (0 week), after 16 weeks training and after four weeks of detraining among 

the resistance training, aerobic training and control groups (Table 15a). 

Insulin-like growth factor-1 (IGF-1) 

There were no significant differences in plasma IGF-1 concentration pre-training (0 

week), after 16 weeks training and after four weeks of detraining among the 

resistance training, aerobic training and control groups. There were no significant 

differences in plasma IGF-1 concentration after submaximal exercise compared to 

pre-training (0 week), after 16 weeks training and after four weeks of detraining 

among the resistance training, aerobic training and control groups (Table 15a). 
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Testosterone 

There were no significant differences in plasma testosterone concentration at rest, 

pre-training (0 week), after 16 weeks training and after four weeks of detraining in 

the resistance training and aerobic training groups. In the control group plasma 

testosterone concentration at rest was significantly (P< 0.05) higher after 16 weeks 

compared to pre-training (0 weeks) values. After sub maximal exercise, plasma 

testosterone concentration was significantly (P< 0.05) higher in the resistance 

training, aerobic training and control groups when compared to values at rest. In 

the resistance training group, the increase in testosterone concentration after 

submaximal exercise was significantly (P< 0.05) higher after 16 weeks training (3.0 

± 0.5 nmol· L-' ) compared to the increase in plasma testosterone concentration 

measured after submaximal exercise at pre-training (2.0 ± 0.4 nmol· L-' ) and after 

four weeks of detraining (2.4 ± 0.4 nmol· L-' ) (Table 15b). 

Sex-hormone binding globulin (SHBG) 

At rest there were no significant differences in plasma SHBG concentration pre

training (0 week), after 16 weeks training and after four weeks of detraining among 

the resistance training, aerobic training and control groups. There were no 

significant differences in plasma SHBG concentration after submaximal exercise 

compared to pre-training (0 week), after 16 weeks training and after four weeks of 

detraining among the resistance training, aerobic training and control groups 

(Table 15b). 
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Free testosterone 

There were no significant differences in free testosterone plasma concentration at 

rest, pre-training (0 week), after 16 weeks training and after four weeks of 

detraining in the resistance training and aerobic training groups. In the control 

group free testosterone plasma concentration at rest was significantly (P< 0.05) 

higher after 16 weeks compared to pre-training (0 weeks) values. After submaximal 

exercise free testosterone plasma concentration was significantly (P< 0.05) higher 

in the resistance training, aerobic training and control groups when compared to 

resting values. In the resistance training group, the increase in free testosterone 

plasma concentration after submaximal exercise was significantly (P< 0.05) higher 

after 16 weeks training (10.5 ± 2.0 pmol· L'l) when compared to the increase in 

free testosterone plasma concentration measured after submaximal exercise at 

pre-training (7.0 ± 1.7 pmol· L'l) and after four weeks of detraining (8.2 ± 2.5 

pmol.L'l) (Table 15b). 
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Table 15a. Plasma concentration of growth hormone (GH) and insulin like growth factor-1 (lGF-1) after 30 minutes of sub-maximum exercise for 
the resistance training (RT), aerobic training (AT) and control groups (e), pre-training (0 wk), after 16 weeks training and after four weeks 
detrainin~. 

RT AT C' 
(n = 10) (n = 11) (n = 11) 

Pre- Post /::, Pre- Post /::, Pre- Post /::, 

exercise exercise exercise exercise exercise exercise 

GH 
Pre-training (0 wk) 4.8± 1.2 7.1 ±2.9 2.3 ± 1.4 3.0 ± 1.2 4.3 ± 1.5 1.3±1.7 3.0 ± 1.3 4.4± 1.8 1.5 ± 2.4 

(f!g.L·' ) 
16 wk training 3.5 ± 1.2 5.0 ± 1.1 1.4 ± 1.2 1.6 ± 0.6 4.8 ± 1.8 3.2± 1.8 5.6 ± 1.6 3.8 ± 1.1 -1.9±1.7 

4 wk d.etraining 3.2 ± 1.2 3.6± 1.3 0.4± 0.8 2.7±1.1 3.1 ± 1.0 0.4 ± 0.5 

IGF-1 
Pre-training (Owk) 16.4± 1.9 17.4 ± 2.0 1.1±0.3 15.4 ± 1.9 15.4± 1.8 0.2± 0.3 13.5±1.4 13.8 ± 1.4 0.2 ± 0.3 

(nmol. L") 16 wk training 14.6 ± 1.4 16.4± 1.5 1.8±O.4 15.6±1.6 16.1 ± 1.7 0.6 ±0.3 11.7±0.8 12.0±1.0 0.3 ± 0.5 

4 wk detraining 13.8± 1.2 14.2± 1.1 0.4 ± 0.4 14.2± 1.9 15.3 ± 2.0 1.1±0.4 

Values are mean ± SEM. t., change in plasma concentration. # GH and IGF-1 were not measured after four weeks of detraining in the control group 
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Table 15b. Plasma concentration of testosterone, sex-hormone binding globulin (SHBG) and free testosterone after 30 minutes of sub
maximum exercise for the resistance training (Rn, aerobic training (AT) and control groups (e), pre-training (0 wk), after 16 weeks training and 
after four weeks detraining. 

RT AT C· 
(n = 10) (n = 11) (n = 11) 

Pre- Post t. Pre- Post t. Pre- Post t. 
exercise exercise exercise exercise exercise exercise 

Pre-training (0 wk) 15.0±1.1 16.9 ± 0.9 # 2.0 ± 0.4 15.8±1.4 18.1 ± 1.9 # 2.3± 0.5 15.6 ± 1.8 18.3 ± 2.0 # 2.7 ± 0.4 
Testosterone 
(nmol. L") 16 wk training 14.6 ± 0.9 17.6±1.2# 3.0±0.5t 16.9±1.5 19.3 ± 1.8 # 2.4 ± 0.4 18.7 ± 2.6 t 21.2 ± 2.8 # 2.5 ± 0.7 

4 wk detraining 14.7±1.1 17.0 ± 1.6 # 2.4 ± 0.8 17.2±1.4 19.6 ± 1.8 # 2.4± 0.5 

Pre-training (0 wk) 48.9±3.8 50.1 ± 3.6 1.2 ± 1.0 50.3±4.6 51.2±4.9 1.3 ± 0.9 48.8±6.3 49.5 ±5.9 0.7 ± 1.0 
SHBG 

(nmol. L") 16 wk training 48.2±4.0 50.4 ± 4.1 2.2 ±0.8 51.3±4.5 51.0±4.6 -0.3± 1.7 52.3±6.7 52.9 ± 6.9 0.6 ± 0.7 

4 wk detraining 48.1 ± 3.8 50.4±4.7 2.3 ± 1.4 51.4±4.1 51.2±4.7 -0.2±1.0 

Pre-training (0 wk) 55.0 ± 3.1 62.2 ± 3.0 # 7.0±1.7 57.5±4.4 65.4 ± 5.9 # 7.9 ± 1.7 56.5 ±5.7 66.4 ± 6.5 # 9.9 ± 1.5 
Free 

testosterone 16 wk training 53.9 ±2.9 64.4 ±4.0 # 10.5 ± 2.0 t 61.3 ±4.9 70.2 ± 5.7 # 8.9 ± 1.5 66.9±8.3 t 77.8 ± 8.8 # 10.8 ± 2.6 
(pmol. L") 

4 wk detraining 53.8 ± 3.5 62.0 ± 5.1 # 8.2 ±2.5 62.5±4.6 71.2 ± 6.0 # 8.3 ± 1.6 

Values are mean ± SEM. t., change in plasma concentration; • P< 0.05, greater than pre-exercise value; t P< 0.05, greater than pre-training. # Testosterone, SHBG 
and free testosterone were not measured after four weeks of detraining in the control group. 
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Chapter 5 

DISCUSSION 

INTRODUCTION 

This thesis examined the cardiovascular, hormonal, and neuromuscular responses 

to aerobic and resistance exercise in older males. Subjects in each group were 

examined before training (Owk), after 16 weeks of training and after four weeks of 

detraining. The four weeks of detraining allowed us to examine the cardiovascular, 

hormonal, and neuromuscular responses of older individuals after the stimulus of 

aerobic and resistance exercise had been withdrawn. The inclusion of a four week 

period of detraining provides new information and understanding about the 

'detraining response' in older individuals and has important consequences for the 

prescription of exercise as older individuals often encounter periods of 

immobilisation or bed rest due to injury or disease. 

At the time of writing, this study was unique in collectively examining the 

cardiovascular, hormonal, and neuromuscular responses to aerobic and resistance 

exercise in men aged 70-80 years. While there has been an increase in the 

number of studies involving older individuals and exercise, the majority of these 

studies are of younger age groups (60-70 yrs.) (67,115,155,193,285,299,343, 

529), across a larger range of ages (55, 102,407,459) or mixed gender (54, 81, 

360, 563). Only in recent years (4) has resistance training been prescribed as a 

form of exercise that may prevent many age-related diseases and improve the 

functional capacity of the older person. 

The beneficial effects of aerobic exercise on the cardiovascular system of the older 

person are well established (for review see (306, 478)), however the reduced 

functional capacity and clinical problems seen in older individuals may be more 
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related to a reduction in muscle mass and strength than simply to lack of 

cardiovascular performance. 

Resistance training has been shown to be superior to aerobic training to increase 

muscle mass and muscular strength in the older person and aerobic training 

superior to resistance training to improve cardiovascular function (478). However 

the question still remains as to which exercise stimulus or combination of exercise 

stimulus can more effectively improve the functional capacity of older individuals for 

every day living 

It was the aims of the present study to invesigate the cardiovascular, hormonal, 

and neuromuscular changes that occur during resistance training and aerobic 

training in older men and how these physiological changes may improve the 

functional capacity of older individuals. 

The first part of the discussion will consider changes to the neuromuscular system 

after 16 weeks training and four weeks detraining. In particular, changes in body 

composition, muscular strength, muscular power and the rate of force development 

will be discussed. 

The second part of the discussion will consider changes to the cardiovascular and 

hormonal systems after 16 weeks training and four weeks detraining. In particular, 

changes in peak oxygen consumption, cardiac output and changes in the exercise 

response to sub-maximum exercise including changes in anabolic hormones will 

be discussed. 
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SUBJECT CHARACTERISTICS 

All 32 subjects that participated in the study were free from clinical signs of 

cardiovascular and respiratory diseases and were judged to be medically healthy. 

Subjects were normotensive, with normal lung function and resting 12 lead EGG, 

who had no evidence of clinically significant exercise induced myocardial 

ischaemia during an incremental exercise test to exhaustion. However light to 

moderate smokers « 1 0 - 20 per day) and former heart by-pass patients were 

accepted into the study to more closely represent 70-80 year old males in the 

general population. Similar selection criteria has been used in other studies of older 

men (193, 255, 544). While the subjects were physically active (gardening/walking) 

none were engaged in regular aerobic or resistance training. 

The subjects in the present study represented a group of sedentary healthy older 

men similar to other studies involving sedentary males of a comparable age and 

investigating their responses to chronic exercise (67, 190, 285, 299, 333, 517). 

The medical screening and selection process comprised of 

1. telephone interview and PARQ assessment 

2. complete medical history questionnaire 

3. spirometry and resting 12 lead EGG 

4. incemental exercise test to volitional fatigue with direct medical supervision 

This ensured the subjects who participated in the present study were relatively 

homogeneous with respect to age, health and physical condition. The relatively 

homogeneity of participants allowed the cardiovascular, hormonal, and 

neuromuscular responses to resistance and aerobic exercise to be assessed 

reasonably independent of confounding factors associated with aging. 
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THE MUSCULOSKELETAL SYSTEM 

Body Composition 

The assessment of body composition has become increasingly important in the 

evaluation of its impact on health and disease in older individuals. The accuracy of 

body composition measurement is of particular importance due to the small 

magnitudes of change often reported in training studies. While there are a number 

of techniques available to assess body composition (for review see (316)) the 

present study utilized dual-energy x-ray absorptiometry (DEXA). Although DEXA 

was originally developed to measure bone mineral content and bone density, the 

DEXA technique has been enhanced for body composition analysis. Previous 

studies have demonstrated that DEXA is an accurate, rapid and low cost method 

for the measurement of whole body, as well as regional fat and muscle mass in 

older persons (316, 455, 543). The DEXA scanner system acquires body 

composition data through the measured attenuation of two main x-ray energy 

peaks (395). However, the two fixed x-ray energy peaks have been identified as a 

possible source of error in the measurement of fat distribution and high tissue 

thickness (37). To overcome this limitation, the DEXA scanner (Norland XR-36) 

used in the present investigation employed a dynamically changing samarium 

filtration system that compensates for changes in tissue thickness. The samarium 

filtration system is unique to the Norland XR-36 and has been shown to have a 

high accuracy for analysis of body composition (169). 
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Body Mass 

The body mass of the subjects of all three groups (resistance training, aerobic 

training and control) prior to commencement of the study was similar to the values 

reported by others for untrained and similarly aged males (193, 299, 327). 

Resistance training group 

In the present study the body mass of the resistance trained men did not 

significantly change over the 16 weeks of training or during the four weeks of 

detraining (Table 4). The present finding of no significant change in body mass is 

consistent with the majority of other resistance training studies of short duration « 

24 wk) involving men over the age of 65 years (523). However, resistance training 

in older individuals may result in significant changes in body composition with a 

concurrent decrease in body fat and an increase in muscle mass with little or no 

change in body mass. The possibility of these changes in body fat and muscle 

mass are discussed in subsequent sections. 

Aerobic training group 

The present study found a significant (P< 0.05) reduction in body mass of 1.7 ± 1.2 

kg after eight weeks of aerobic training. After 16 weeks of training there was a 

further and significant (P< 0.05) reduction in body mass of 2.6 ± 2.1 kg (Table 4). 

Other aerobic training studies that were of similar duration have also reported 

significant reductions in body mass (67, 267, 286, 464, 491). Kahn and colleagues 

(1990) reported that a 26-week aerobic training programme resulted in a mean loss 
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of 2.4 kg (79.6 ± 2.4 to 77.2 ± 2.3 kg) (P< 0.005) in body mass in a group of men 

aged 61-82 yrs. 

The reduction in body mass of 1.7 ± 1.2 kg in the present study after eight weeks 

of training is inconsistent with the results of others (29, 168, 351, 505) and may 

reflect differences in training protocol (mode of exercise, training intensity, duration 

of training). It is possible that the reduction in body mass after eight weeks training 

was due to a loss in fat mass at week eight. However, body fat was not measured 

at week eight so the contributing factor to the loss in body mass remains 

speculative. After four weeks of detraining in the aerobic training group, body mass 

remained significantly (P< 0.05) lower (76.1 ± 3.8 kg) compared to pre-training 

values (78.9 ± 4.3 kg). Body mass did not significantly change after the four weeks 

of detraining compared to after 16 weeks of training. While other studies (163, 394) 

have found similar non-significant changes in body mass after detraining they have 

found significant changes in body composition. The changes in body composition 

found in the present study will be discussed in the following sections. 
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Percent Body Fat 

The percent body fat of the subjects in the resistance training, aerobic training 

and control groups prior to the commencement of the study were not significantly 

different and were similar to those reported elsewhere for untrained males over 

the age of 60 years (67, 155, 191, 193, 286, 298, 491). 

Resistance training group 

The percent body fat of the resistance trained older men did not significantly 

change over the 16 weeks of training or after four weeks of detraining (Table 5). 

While some studies on resistance training in older men show significant decreases 

in percent body fat (193, 256) other studies have found no significant change in 

percent body fat after resistance training (438, 522). The lack of consistency in 

reported changes of percent body fat after resistance training may, in part, reflect 

differences in the age and initial body composition of the subjects, in the training 

regimen and the technique used to measure body fat in the older person. Treuth 

and colleagues (528) examined the changes in body fat in men (60 ± 4 yrs.) after 

16 weeks of resistance training. With the use of DEXA and MRI, significant 

reductions in percent body fat were reported. However, no significant changes in 

percent body fat were found as estimated from the sum of four skinfold sites. 

Previous studies that found a reduction in the percent body fat of older men after 

resistance training suggest that the reduction in percent body fat was related to 

changes in activity-related energy expenditure (245). Other factors include a 

training duration of not less than 20 weeks (243). The present study was 16 weeks 

in duration and may not have been of sufficient duration to significantly reduce the 

precent body fat in the present subjects. A review by Toth et al (1999) examining 

the effect of resistance training and aerobic training on the body composition of 

older individuals found similar reductions in body fat for both resistance training 
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(range: -0.9 to -2.7 kg) and aerobic training (range: -0.4 to -3.2 kg) after similar 

durations of training. The mechanism by which body fat is lost as a result of 

resistance training is thought to be by an increase excess post-exercise oxygen 

consumption (EPOC) (461). An elevation in EPOC has been reported up to 39 

hours post-exercise (461) and may be due to an increase in the resting levels of 

norepinephrine (407), an increase in hormone concentration (295) or a shift 

towards lipid metabolism (346). There was no measurement of post-exercise 

oxygen consumption in the present study. 

Aerobic training group 

Percent body fat was significantly (P< 0.05) reduced from 29 ± 1% to 27 ± 1% after 

16 weeks of aerobic training representing a loss of 2.3 ± 0.5 kg in fat mass. The 

present results are consistent with the results of other endurance training studies 

involving similarly aged men (191, 286, 351, 394, 463, 467). However, not all 

endurance training studies report a significant reduction in percent body fat in older 

men after training (147, 158, 360, 569). The lack of significant change in percent 

body fat may be due to the aerobic training programme providing insufficient 

stimulus (ie. intensity, duration and frequency of training) to affect a reduction in 

body fat (5). In some studies (86, 366), the use of selected skinfold thicknesses 

may lack the sensitivity to detect changes in body fal.. 

The mechanisms responsible for the loss of body fat with aerobic training in older 

individuals are thought to be similar to that of resistance training (400). However, 

the similarity in mechanisms of body fat loss between the two modes of exercise 

has been challenged (440). In one of the few studies to control for diet and 

exercise, Ross et al. (1996) examined the response of aerobic and resistance 

training in obese (BMI> 30) middle-aged men. Both aerobic and resistance trained 

groups lost similar amounts of visceral (~35%) and subcutaneous (~ 25%) fat 
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despite the resistance trained group expending a third less of the energy to 

complete their training programme. Although post-training resting metabolic rate 

(RMR) was not measured by Ross et a!. (1996), they hypothesised that an 

increase in post-exercise RMR could account for the difference in energy balance 

between the resistance and aerobic trained groups. 

After four weeks of detraining there was no significant increase in the percent body 

fat. Our results following four weeks detraining are in contrast to the results of other 

studies (163, 394) that reported significant increases in percent body fat in both 

long-term (21 ± 12 years) and short-term (16 weeks training) endurance trained 

older men (50-65 years) following a period of detraining. However both Giada et a!. 

1998 and Pickering et a!. 1997 used detraining periods of eight and sixteen weeks 

respectively to assess changes in percent body fat with no measurement after four 

weeks detraining. The results from the present study suggest that a detraining 

period of four weeks was of sufficient duration to maintain the reduced percent 

body fat of the older men resulting from the 16 weeks of aerobic training. 

Abdominal Fat 

Resistance training group 

There was no significant change in abdominal fat in the resistance training group 

over the 16 weeks of training or after four weeks of detraining (Table 5). Despite 

the health risks of increased abdominal fat with aging (393), there are few data 

available on the effect of resistance training on abdominal fat. One study using 

DEXA found a significant reduction in trunk fat mass (12.2 ± 4.1 kg to 11.3 ± 3.7 

kg) following 16 weeks of resistance training (528). In contrast, Hunter and 

associates (2002) using computerized tomography (CT) found no significant 

change in intra-abdominal fat after 25 weeks of resistance training in men 61-77 

years. However, the authors (243) admit that the CT scan of abdominal fat at the 
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4th/5th lumbar vertebrae is limited to that region and does not indicate changes in 

the volume of abdominal fat. In light of the contrasting findings and evidence 

provided in a recent review (439), it is still unclear whether resistance training is 

associated with a significant reduction in abdominal fat. Further study is required to 

determine whether resistance training can successfully reduce the potential health 

risk of abdominal fat in older males. 

Aerobic training group 

The present study found a significant (P< 0.05) reduction in abdominal fat after 16 

weeks of aerobic training. The loss of abdominal fat (-1.0kg) accounted for over 

40% of the total body fat mass lost during the 16 week aerobic training period. The 

loss of abdominal fat after aerobic training has also been reported in rats (121), 

obese and non-obese middle-aged men (440, 564) using imaging techniques and 

waist measurement but not in older men when DEXA technology was used to 

assess abdominal fat. While others (408, 464) have found reductions in waist 

circumference in older men following aerobic training, measuring waist 

circumference to assess changes in abdominal fat has been shown to be 

unreliable (439). In contrast to measurement of waist circumference, DEXA, which 

was used in the present study, has been shown to measure total body (455) and 

abdominal fat mass (485) accurately in older individuals. The preferential reduction 

in abdominal fat in response to the aerobic exercise is thought to be the result of 

increased sensitivity of omental and mesenteric adipocytes to lipolytic stimulation 

compared with other regions of the body (112). The loss of abdominal fat by 

aerobic training has a 'flow on' effect to the health of older men as abdominal 

obesity is reported to be an independent predictor of metabolic risk factors such as 

cardiovascular disease and Type 2 diabetes (118). 

I, 

168 



t ' 

I 

While the present investigation found a significant reduction in abdominal fat 

following 16 weeks of aerobic training, others have reported no significant loss in 

abdominal fat after aerobic training of similar durations despite reporting significant 

increases in V02 max (105, 147, 274). The lack of significant change in 

abdominal fat indicates that exercise prescriptions that are usually associated with 

improvements in V02 max are not necessarily associated with significant 

reductions in abdominal fat. It has been suggested that exercise programs 

designed to reduce body and abdominal fat should increase energy expenditure by 

the inclusion of low intensity aerobic exercise (50-60% max heart rate) on a daily 

basis and for long durations over 50 minutes (439). In the present study subjects 

exercised for 40 minutes at 70-80% of maximum heart rate, three times per week 

expanding approximately 140 KJ/session. 

After four weeks of detraining, the abdominal fat had significantly (P< 0.05) 

increased. After four weeks detraining there was no significant difference with pre

training abdominal fat. The 0.5 ± 0.2 kg of fat mass gained in the abdominal region 

after the four week detraining period is approximately 70% of the total fat gained 

during the detraining period (see Figure 9) and suggests a preferential gain in 

abdominal fat once the stimulus of aerobic exercise training has been withdrawn. 

Despite the significant gain in abdominal fat during the detraining period, no 

significant change in body mass was found. This may have been due to the gain in 

abdominal fat being offset by the almost identical loss of 0.6 ± 0.3 kg in leg lean 

mass (LLM) over the detraining period (see Table 5). In agreement with our 

findings, Kriketos and colleagues (2000) suggested that there is a high risk of a 

positive fat balance and weight gain during a detraining period after a period of 

aerobic exercise training. It has been reported in rats that the cessation of aerobic 

exercise training, enhances the capacity for lipogenesis, independent of changes in 

food energy intake (307). 
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Fat Free Mass (FFM)/Leg Lean Mass (LLM) 

While both FFM and LLM were measured in the present study, much of the 

discussion will centre on changes in LLM in the resistance training and aerobic 

training groups rather than FFM. The primary muscle groups used in both the 

resistance and aerobic training groups were the quadriceps and hamstring muscles 

and therefore these muscle groups were used to assess changes in LLM after 

training and detraining. The use of anatomical land marks (the ischial tuberosity 

and the knee jOint as upper and lower margins respectively) ensures precise 

measurement of the thigh area and a high level of reliability (r = 0.93). The knee 

extensor and flexor muscles have been shown to be important contributors to 

human stability and locomotor efficiency and therefore any increase in muscle 

mass of the lower extremity may lead to increase in strength and functional 

improvements in daily activities for older individuals (24,136,155,516,543). 

Resistance training group 

The resistance trained group significantly (P< 0.05) increased their LLM after 16 

weeks of training. The increase in LLM (0.8 ± 0.2 kg) is similar to the increase 

reported by others following a resistance training with similarly aged men (136, 

155, 211, 299, 550). Not all resistance training studies report significant increases 

in the LLM of older men (34, 361, 428, 452). The difference between results of the 

present study and the results of others may be due to differences in the resistance 

exercise training programme, the age of the subjects, or the method used to 

determine changes in LLM. Anthropometric techniques such as girths and skinfolds 

fail to accurately measure LLM in older men due to the increase in intramuscular 

fat and connective tissue when compared to computed tomography (CT) (277, 

429). Furthermore several studies have reported that the anatomical point of 
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measurement when using GT or MRI can influence the amount of LLM measured 

(357,371). 

In the present study the significant increase in LLM accounted for approximately 80 

% of the increase in whole body FFM. This result was not unexpected as the 

primary muscles used in the resistance-training programme were the quadriceps 

and hamstring muscles. There was no significant difference in whole body FFM 

after the 16 weeks training. Although LLM is a major component of whole body 

FFM, the lack of significant change in whole body FFM over the 16 weeks of 

resistance training may be due to the confounding influence of changes in total 

body water and body cell mass (316). The lack of significant change in whole body 

FFM highlights the importance of precise regional measurement of muscle mass 

following resistance training in older men. In the present study, the increase in LLM 

was most likely due to an increase in the size of the muscle fibres. Although 

biopsies were not taken, results from other studies in which biopsies were taken, 

reveal significant increases in the GSA of Type I and Type II muscle fibres with 

resistance training in older men (155, 197,414,477,507). The increase in GSA of 

the Type I and Type II muscle fibres is due to an increase in the myosin heavy 

chain (MHG) and mixed protein synthesis rates resulting in an increase in 

contractile proteins within the muscle fibres (216). Furthermore, an increase in the 

proportion of satellite cells has recently been reported in men aged 65-75 years 

after 9 weeks of unilateral leg extensions (441). Satellite cell activation and 

proliferation has been shown to support the enlargement of muscle GSA by 

increasing the number of myonuclei in the muscle cell (265). Our results suggest 

that resistance training of sufficient intensity and duration can attenuate the age

associated decline in LLM and stimulate muscle hypertrophy in older men 

After four weeks of detraining, LLM remained significantly (P< 0.05) higher than 

pre-training values but was significant lower compared to LLM measured after 16 

weeks of training. A few studies have examined the long-term (12-31 weeks) 

effects of detraining on FFM or LLM in older men (195, 254, 506, 523) and found 
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most of the gains in muscle mass were completely lost after the detraining period. 

The present study selected four weeks of detraining in an attempt to determine the 

early consequences of withdrawing the resistance-training stimulus. In contrast to 

previous detraining studies, subjects in the present study retained over 40% of the 

gains in LLM after 4 weeks of detraining. The difference in muscle mass loss is 

most likely reflected in the longer detraining period of the previous studies. Taaffe 

and Marcus (1997) using muscle biopsies to assess changes in muscle mass 

found that the CSA of both Type I and Type II muscle fibres had reverted to pre

training values after 12 weeks of detraining in men aged 65-77 years. In the presnt 

study, the increase in muscle mass obtained after 16 weeks of resistance training 

was partially retained after four weeks of detraining, providing information on the 

expected time course of decay in LLM in men aged 70-80 yrs. 

Aerobic training group 

We found no significant changes in whole body FFM after the 16 weeks of aerobic 

training and after four weeks of detraining. Similar results have been reported 

elsewhere (190, 360, 394). Cross-sectional data (210, 283, 504) have also shown 

there is no significant difference in the FFM of long-term endurance trained older 

men when compared to aged matched sedentary counterparts. Of particular note 

Pollock and colleagues (1997) found that 20 years of "vigorous aerobic training" 

failed to attenuate the age-related loss FFM. One explanation for the loss of whole 

body FFM with age independent of the level of aerobic exercise is that chronic 

aerobic exercise does not provide a significant anabolic stimulus to promote 

muscle growth (522). While the present study did not find any significant changes 

in whole body FFM, we did find a significant increase in LLM as shown in Table 5. 

The findings of the present study therefore challenge the evidence that aerobic 

training does not increase the LLM of older individuals (504). In support of the 
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increase in LLM found in the present study, was a corresponding and significant 

(P< 0.05) increase in leg muscle strength (as measured by 1 RM) of the aerobically 

trained men (see Table 6.). Although the gain in LLM was significantly (P< 0.05) 

less than the gain in LLM in the resistance trained group, 16 weeks of aerobic 

training on a cycle ergometer did appear to promote muscle hypertrophy in the 

thigh of older men. Despite a significant increase in the LLM of the aerobically 

trained men, whole body FFM did not significantly change over the 16 weeks of 

training. The lack of significant change in Whole body FFM again reinforces the 

need for accurate and precise measurement of regional muscle mass when 

examining changes in muscle mass after aerobic training in older individuals. To 

date, we are unaware of any other studies that have measured the LLM of men 

aged 70-80 years after short-term (16 wk) aerobic training. Sugawara and 

colleagues (2002) did find that long-term (16 ± 2 years) aerobically trained men 

aged 60-79 years had Significantly higher LLM when expressed relative to body 

mass or body surface area than sedentary age-matched subjects. The significant 

increase in LLM in the aerobically trained group suggests that our training stimulus 

was sufficient to elicit muscle hypertrophy, while simultaneously resulting in 

significant cardiovascular changes. A significant (P< 0.05) increase in plasma 

testosterone concentration was found (see Table 14.) after the SUb-maximum cycle 

ergometry tests, lending a measure of support to the suggestion that anabolic 

processes stimulated by aerobic exercise may have contributed towards muscle 

hypertrophy. The increase in LLM in our older men after 16 weeks of aerobic 

training was most likely due to a signifcant increase in the CSA of the muscle 

fibres. A significant increase in the CSA of both Type I and Type II gastrocneimus 

muscle fibres was found after nine months of aerobic training in previously 

sedentary older men (64 ± 3 yrs) (67). After four weeks of detraining the LLM in 

the aerobic group was significantly (p< 0.05) lower compared to the LLM after 16 

weeks training. The loss of LLM during the detraining period represented a total 

reversal of the gains in LLM achieved over the 16 weeks of aerobic training. After 
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the four weeks of detraining, leg strength also decreased to pre-training values 

(see Table 6.), suggesting the loss of leg strength was the result of the loss of LLM 

and possibly fibre CSA. To our knowledge, no studies have examined the changes 

in LLM following a period aerobic training and subsequent detraining in older men. 

The results of the present study indicate that once the stimulus of aerobic training 

has been removed, the gains in LLM achieved after 16 weeks training are lost, with 

the LLM of the older men returning to pre-training levels after four weeks 

detraining. 

Muscular Strength 

The 1 repetition maximum (1 RM) was used to assess muscular strength prior to 

training, every four weeks of the training programme and after four weeks of 

detraining. The 1 RM has been proven to be an acceptable procedure to measure 

muscular strength with minimal risk of injury or cardiovascular misadventure in the 

older population (470). 

Resistance training group 

The present study found a significant (P< 0.05) increase in muscular strength 

(1RM) after 16 weeks of training which are similar to the results of other 

comparative resistance training studies (Table 6.) (155, 193,263,506, 524). Some 

resistance training studies have reported higher (136, 211) and lower (34, 199, 

299) gains in muscular strength in older men following resistance training. The 

contrasting results are primarily due to methodological differences in the resistance 

training prescriptions (ie. the duration of training, the intensity and volume of 

training, mode of exercise) used in the present study and those reporting 

contrasting results. For example, older age subjects with low pre-training 
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measurements of muscular strength (1 RM) can give rise to a greater percent gain 

in muscular strength (136, 211). The percent gain in muscular strength (1 RM) in 

the present study over the 16 weeks of training was 95 ± 0.6% and this was 

significantly (P< 0.05) higher than the 7.2 ± 1.1% increase in LLM. The disparity in 

the percent gain in 1 RM and LLM is a common finding of resistance training 

studies in young and old men and women (199, 254, 299, 344, 414, 456). The 

difference between increases in muscular strength and muscle mass is most likely 

due to enhanced neural drive (456), motor unit recruitment (456) and improved skill 

and coordination (451) especially during the early stages of a resistance training 

programme. Hakkinen and colleagues (2000) reported an increase of 30-40 % in 

integrated electromyograms (lEMGs) in the vastus lateralis of men aged 62-77 

years after 24 weeks of resistance training. They attributed the increase in IEMG to 

increased motor unit activation and also reported a decrease in the co-activation of 

the antagonists during testing of muscular strength (1 RM). The majority of gains in 

muscular strength (46.4 ± 7.7%) made by the resistance trained group occurred 

within the first four weeks of training. Following the initial four-week increase in 

muscular strength (1 RM), the rate of gain muscular strength (1 RM) for weeks 5-8 

slowed significantly (P< 0.05). The slowed rate of gain in muscular strength during 

weeks 5-8 would suggest a reduced effect of neural drive upon the gain in 

muscular strength. One possible reason for the reduced effect was the men 

became accustomed to the movement pattern associated with the resistance 

training program and made appropriate changes in the activation of synergists and 

antagonists (456). Although muscular strength continued to increase from weeks 8-

16, the rate of gain in muscular strength during weeks 8-16 was similar to week 5-

8. The increase in muscular strength after eight weeks of resistance training may 

be due to both neural drive and muscular adaptations occurring within the muscle 

(139,199,456). After eight weeks of resistance training subjects had completed 24 

training sessions. An increase in muscle contractile protein content and GSA is 

reported after sixteen training sessions, which may account for the present results 
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(139). To identify the time course of changes in the structural adaptations of 

muscle to resistance training, Staron and colleagues (1994) obtained biopsies of 

the vastus lateralis muscle every two weeks of an eight-week resistance training 

programme. Although they found significant changes in muscle protein synthesis 

after one bout of resistance training, 6-8 weeks of resistance training was 

necessary before significant changes in muscle CSA were observed (495). While 

there was a significant increase in LLM after 16 weeks of training in the present 

study, the measurement of LLM occurred pre-training and after 16 weeks of 

training. Accordingly our results for LLM allow us to reflect only on the amplitude of 

the response and not the rate of change in LLM over the 16 weeks of training. 

After four weeks of detraining, muscular strength remained significantly (P< 0.05) 

higher when compared to pre-training values but was significantly (P< 0.05) lower 

when compared to muscular strength after 16 weeks of resistance training. Our 

findings agree with some (139, 506, 523), but not others (195, 317). Loss of 

muscular strength in older subjects has been reported as high as 32% after four 

weeks of detraining (136) or as little as no change in muscular strength after 12 

weeks of detraining (317). The present study found a 17.4 ± 2% reduction in 

muscular strength following four weeks of detraining. Our results which are in 

contrast to the results of others (136, 195, 317) can be explained. Firstly, those 

studies with a smaller increase in muscular strength over the training period, also 

have a smaller reduction in muscular strength over the detraining period (195, 

317). Secondly, the assessment of muscular strength assessment every one or 

two weeks during the detraining period may have acted as a training stimulus (320, 

506) thereby attenuating the decline in muscular strength loss during the detraining 

period. Indeed, resistance training once per week has been shown to maintain 

knee extensor strength in older men that was gained after a 12 week training 

programme (523). In the present study approximately 50% of the gain in LLM and 

apprOXimately 75% of the gain in muscular strength was retained after four weeks 

detraining. The difference in the level of retention in LLM (50%) and muscular 
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strength (75%) again reinforces the importance of neural drive in maintaining 

muscular strength when leg muscle mass is declining. 

Aerobic training group 

Although few studies have measured muscular strength following a period of 

aerobic training, it is generally accepted that aerobic training does not significantly 

increase the muscular strength of older individuals (190, 247, 402, 479). Hagberg 

and colleagues (1989) found no significant increase in upper or lower body 

strength following 26 weeks of aerobic training in older (70-79 years) subjects. 

Similarily, Sipila et al. (1995) also found no increase in muscular strength in a 

group of aerobically trained older (76-78 years) subjects. In contrast to these 

findings (190, 479), the present study found a significant (P< 0.05) increase in leg 

muscular strength (1 RM) in older men after 16 weeks of aerobic training. The 

contrasting results between the present study and others may be due to 

methodological differences, in particular the mode of exercise used for the aerobic 

training. In the study by Hagberg et al. (1989) the aerobic exercise stimulus was 

walking, while in the present study the aerobic stimulus was cycling. Other factors 

that may account for the differences between the results of the present study and 

Hagberg et al. (1989) include the use of male and female subjects and different 

methods of assessing muscular strength (139). The present study used the incline 

squat to assess changes in leg strength, which simulates functional tasks (139) 

such as walking and cycling whereas Hagberg et al. (1989) used leg extension. 

Leg extension does not closely simulate functional tasks (456) and as a method of 

assessing muscular leg strength must be questioned. In support of the significant 

(P< 0.05) increase in muscular strength in the aerobically trained men, using a 

repeated measures design, a significant increase in muscular strength occurred 

only after 12 weeks of aerobic training. It could be suggested that the influence of 
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neural drive seen during the early stages of resistance training is reduced in the 

aerobically trained group possibly due to the nature of the training stimulus in the 

aerobic group and the infrequent use (once every four weeks) of the incline squat. 

In support of the reduced influence of neural drive during the early stages of 

aerobic training is the lack of increase in muscular strength after the first eight 

weeks of aerobic training. Muscular strength significantly (P< 0.05) increased only 

after 12 weeks of aerobic training by which time an increase in muscle contractile 

proteins and CSA could have contributed to the increase in muscular strength. In 

the present study a contributing factor to the increase in muscle strength was a 

significant increase in LLM after 16 weeks of aerobic training. We did not measure 

LLM every four weeks so we cannot say whether the increase in muscle strength 

at week 12 was also accompanied by a parallel increase in LLM. During the last 

four weeks of training there was no further increase in muscular strength in the 

aerobic group. The lack of significant increase in muscular strength over the final 

four weeks of aerobic training suggests that the selected training stimulus provided 

insufficient stimulus to promote increases in muscular strength consistent with a 

plateau in muscular strength observed between weeks 12 and 16 of training. 

After four weeks of detraining muscular strength was significantly (P< 0.05) lower 

than after 16 weeks training and had returned to pre-training values. At the time of 

writing, no studies have examined the changes in muscular strength following a 

period aerobic training and subsequent detraining in older men. The significant 

decline in muscular strength after the four week detraining period was 

accompanied by the return LLM to pre-training values. The concurrent reduction in 

muscular strength and LLM suggests the decline in muscular strength was a result 

of a decline in LLM. The results of the present study indicate that once the aerobic 

training stimulus has been removed, the gain in muscular strength achieved after 

16 weeks training are lost, with the strength of the older men after four weeks 

detraining no different from their pre-training levels. 
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Muscular Power and Rate of Force Development 

Muscular power, the rate of force development (RFD), maximum bilateral isometric 

force (MBIF) and force in 500ms (F5OOms) were assessed prior to training, after 16 

weeks training and after four weeks of detraining. 

Resistance training group 

In the present study, the resistance trained men significantly (P< 0.05) increased 

their RFD, MBIF and F500ms after 16 weeks of training. These results agree with 

some (199, 256, 262) but not others (155, 483). The lack of resistance training 

stimulus and the method used to assess the RFD, MBIF and F500ms may explain 

why some studies fail to find a significant change in the RFD, MBIF and F500ms after 

resistance training in older men. Hakkinen and colleagues (1998) utilised 

resistance training combined with explosive exercises (3-4 sets of 8-12 repetitions 

at 50-60% of 1 RM) to report a 36 ± 4% increase in MBIF after 24 weeks in men 

aged 72 ± 3 years. The present study used high-intensity resistance training (3 

sets of 6-10 repetitions at 70-80% of 1RM) and was able to increase MBIF by 25 ± 

4% after 16 weeks. The RFD or explosive muscle strength as assessed in the 

present study represents the rate of rise in contractile force at the onset of 

contraction. The RFD has from a functional perspective been described, as the 

most important muscular strength adaptation elicited by resistance training (2). 

Few studies have examined the changes in the RFD following resistance training in 

older men. Hakkinen and colleagues (1998) reported a 40 ± 10% increase in RFD 

in older men (72 ± 3 yrs.) after 28 weeks of resistance training. The present study 

found a 14 ± 2% increase in the RFD after 16 weeks of resistance training. Similar 

results to these have been reported in young men (23 ± 4 yr) following 14 weeks of 

resistance training (2). The greater increase in isometric force and RFD reported 
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by Hakkinen and colleagues (1998) may primarily due to the longer training period 

and the explosive exercises that were combined with the resistance training 

stimulus. The significant increases in MBIF, RFD and F500ms in the present study 

may be the result of an increase in neural activation and an increase in muscle 

size. Aagaard and colleagues (2002) suggested that after 14 weeks of resistance 

training in men aged 23 ± 3.7 yrs an increase in motorneuron firing frequency and 

recruitment of previously non-activated motorneurons (neural adaptations) during 

the first 200ms of a maximum isometric contraction contributed primarily to the 

increase in RFD. The increase in neural activation was confirmed by the finding of 

a 22 to 143% increase in EMG and 41 to 106% increase in the rate of EMG rise 

(2). Hakkinen and colleagues (1998) reported similar increases in EMG and 

significant decreases in the EMG of antagonistic muscles during maximurn 

isometric contractions in older men after resistance training. 

Following four weeks of detraining, MBIF, RFD and F500ms were all significantly (P< 

0.05) lower than after 16 weeks training with MBIF and F500ms rernaining 

significantly (P< 0.05) higher than pre-training values. Those studies that have 

examined the effect of detraining on MBIF and the RFD in young or older men 

have produced conflicting results. Some studies reported no change (196), an 

increase (253) and decrease (300) in isometric force and the RFD in younger men 

(18-35 yrs.) after detraining. The conflicting results are most likely due to 

methodological differences among the studies, including training protocols, 

methods of assessing maximum force and the level of experience of the subjects 

(ie number of years of training). To our knowledge only one study has measured 

the effect of detraining on MBIF in older men. Hakkinen and colleagues (2000) 

reported no significant loss in MBIF after three weeks detraining that followed 24 

weeks of training. After 24 weeks detraining a significant 9% decrease in MBIF had 

occurred. These findings are in ccntrast to our results where MBIF significantly (P< 

0.05) decreased by 14 ± 2% after four weeks of detraining. The smaller decrease 

in MBIF reported by Hakkinen et al. (2000) during detraining may be due to the use 
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I of a mix of explosive strength training and a longer training duration (24 weeks) as 

the resistance training stimulus. The present study did not include a component of 

explosive strength training in the resistance training stimulus. The significant (P< 

0.05) decrease in MBIF in the present study was accompanied by significant (P< 

0.05) declines in the RFD (8 ± 2%) and F500ms (13 ± 2%) after four weeks 

detraining. While there was a 25% reduction in muscular strength during the four 

weeks of detraining, there were over 50% reductions in MBIF, RFD and F500ms. The 

greater reduction in MBIF, RFD and F500ms compared to muscular strength 

indicates a more rapid decline in the ability to develop force quickly than the ability 

to develop maximum force once the stimulus of resistance training had been 

removed. This has significant consequences for older individuals as the ability to 

develop force rapidly is an important performance characteristic, contributing to 

several tasks of daily life such as climbing stairs, walking, and attempting to avoid a 

fall (503). 

Aerobic training group 

A novel finding of the present study was a significant (P< 0.05) increase in MBIF 

and F500ms after 16 weeks of aerobic training. To date no other studies have 

examined the changes in MBIF and F500ms after aerobic training in either young or 

older men. Generally, cross-sectional data have indicated that aerobically trained 

and untrained older men have similar MBIF, RFD and F500ms (9, 173, 210). The 

aerobically trained men in the present study significantly (P< 0.05) increased their 

MBIF and F500ms (12 ± 5% and 9 ± 6% respectively). In support of the increase in 

MBIF and F500ms there was a significant (P< 0.05) increase in muscular strength 

(1 RM) after the 16 weeks training. Gains in muscular strength have been shown to 

be an important factor for increasing MBIF (83). The significant increases in MBIF 

and F500ms in the present study may be the result of an increase in neural activation 
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as reported in the resistance trained individuals and an increase in LLM. The RFD 

of the aerobically trained group did not significantly increase after 16 weeks of 

training. It is unclear as to why there were significant increase in MBIF and F500ms 

and yet RFD remained essentially unchanged. We can only hypothesise that cycle 

ergometry associated with the aerobic training stimulus provided sufficient stimulus 

to increase MBIF and F500ms but not the RFD. The differential response between 

MBIF and F500ms and RFD is supported by data that suggests heavy resistance 

training and/or ballistic type training is required to increase muscular force in the 

early phase (initial 100-200 ms of contraction) of muscle contraction (2, 197,575). 

Low intensity resistance training (40-60% of 1 RM) has also failed to produce 

increases in RFD despite increases in muscular strength further highlighting the 

need for heavy resistance training and/or ballistic type training to promote 

increases in RFD (460). Presently no other studies have measured RFD after 

aerobic training in young or older men. 

After four weeks of detraining MBIF, F500ms and the RFD were all Significantly (P< 

0.05) lower than after 16 weeks training and not significantly different from pre

training values. At the time of writing, no other studies have assessed the effects 

of detraining on MBIF, F500ms and the RFD in older men after a period of aerobic 

training. The decline of maximum force values after four weeks of detraining to pre

training levels is consistent with the retum of maximum muscular strength and LLM 

values to pre-training levels. Therefore it would appear that the gains in MBIF and 

F500ms in older men after 16 weeks of aerobic training are lost within the first four 

weeks of detraining. While the aerobic training in the present study increased MBIF 

and F500ms, it does not provide sufficient stimulus to Significantly increase RFD. The 

ability to develop a rapid rise in muscular force i.e. RFD has been shown to be 

more important than MBIF and F500ms as many types of movements in daily life, 

such as preventing a fall, are characterised by a limited time to develop force (0 -

200ms) which is less than the time it takes to achieve MBIF (-400 - 600ms) (2, 

503). 
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THE CARDIOVASCULAR SYSTEM 

Peak Oxygen Consumption (V02 peak) 

Peak oxygen consumption was assessed by cycle ergometry in all subjects every 

four weeks of the 16 weeks training study and after four weeks of detraining. A 

review by Hurley and Hagberg (1998) noted that it is difficult to obtain a "true 

V02 max" on the cycle ergometer in older subjects, with peak cycle performance 

being limited by non-cardiovascular factors such as leg muscle strength and 

power. These non-cardiovascular factors together with conservative medical 

supervision during the incremental exercise test may further reduce the likelihood 

of reaching a plateau as defined by Taylor (1955). Furthermore recent evidence 

suggests that the V0 2 peak attained on a maximum effort incremental test in 

subjects exercising to the limit of tolerance is likely to be a valid index of V0 2 max, 

despite no evidence of an actual V02 plateau (89). The present study took a 

number of steps to ensure that the V02 achieved at the end of each incremental 

exercise test should be regarded as V0 2 peak and representative of maximum 

performance that has been reported by others (67, 154, 191, 285, 319, 467). 

These steps include (i) familiarisation with the testing equipment, cycle ergometer 

and testing procedures (ii) initially two incremental exercise tests, with the highest 

value taken as V0 2 peak (iii) the use of Accident and Emergency Registrars for 

medical supervision who were less conservative with subject end points during the 

incremental exercise test because of their confidence in resuscitation should a 

misadventure occur. The criteria for the attainment of V02 max is typically defined 

by Taylor et al. (1955), as a plateau in V02 (ie. an increase in V02 of less than 

0.15 L.min·1
) despite an increase in power. The attainment of a plateau in V0 2 

during an incremental exercise test in not a universal finding in either younger or 

older subjects, particularly during an incremental exercise test on a cycle 

ergometer (154, 247). Notwithstanding the procedural steps we took prior to each 

incremental exercise test, we required for the attainment of V02 peak that two of 
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findings Hepple et al. (1997) examined the changes in capillary-to-fibre perimeter 

in men aged 65-74 years after nine weeks of resistance training. V0 2 peak 

increase by 8.5 % and the capillary-to-fibre perimeter exchange significantly 

increased (12%), indicating a larger surface area was available for exchange 

between the capillaries and muscle fibres. One interpretation of a larger surface 

area is an increased capacity for oxygen exchange. Hepple and colleagues (1997) 

also found a significant correlation between the change in capillary-to-fibre 

perimeter exchange and V02 peak. 

Although the increase in V0 2 peak of the resistance training group (8 ± 1%) was 

approximately half that of the aerobic trained group (15 ± 3%), there was no 

significant difference in the rate of gain in V0 2 peak between the two groups from 

weeks 8 to 16 of training (Table 11). To date, we are unaware of any other studies 

that have examined the rate of gain in V02 peak of older men during 16 weeks of 

resistance training. The difference in the rate of gain in V0 2 peak between the 

resistance trained and aerobic trained groups is most likely due to the different 

physiological adaptations that occur in response to the training stimulus. In the 

aerobic trained group the significantly greater increase in the rate of gain in 

V02 peak observed during the first 8 weeks of training could be due to the 

expansion of blood volume which appears to peak within approximately one week 

of training and is explained almost completely by an expansion of blood plasma 

(215, 270). The delayed response in the rate of gain in V02 peak in the resistance 

trained group (Figure 15) may have been due to the longer time frame required for 

the formation of new capillaries. Green et al. (1999) examined the rate of change in 

capillary density in a group of men (19 ± 0.48 yrs) after 12 weeks of resistance 

training (3 sets of 6-8 repetitions at 80-85% of 1 RM). Muscle biopsy samples were 

taken from the vastus latera lis at weeks 0, 4, 7, and 12 with an increase in the 

number of capillaries in contact with each fibre not observed until after 12 weeks of 

resistance training. 
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After four weeks of detraining in the resistance training group, V0 2 peak was 

significantly (P< 0.05) lower than after 16 weeks training, returning to pre-training 

levels (Figure 15). This is a novel finding as no other studies have examined the 

changes in V0 2 peak after a period of resistance training and subsequent 

detraining in older men. The return of V0 2 peak after four weeks detraining to pre

training levels occurred despite muscle leg strength remaining significantly (P< 

0.05) above pre-training levels (77 ± 2.3%). Our findings begin to challenge the 

assertion that when V0 2 peak is reached on a cycle ergometer by non-CYClists 

that non-cardiovascular factors, such as muscle leg strength or muscular power 

are the primary limiting factors (248). Furthermore the a - V O2 difference of the 

resistance-trained men was significantly (P< 0.05) lower than after 16 weeks 

training, returning to pre-training levels (Table 11) indicating that the suggested 

increase in capillary density had also returned to pre-training levels. We are 

unaware of any other detraining studies that have examined the change in a - V O2 

difference after a period of resistance training. However, Klausen et al. (1981) 

examined the change in capillary denisity after eight weeks of aerobic training 

followed by eight weeks of detraining in men aged 19-25 yrs. While capillary 

density and V0 2 peak significantly increased after eight weeks training, both 

capillary density and V0 2 peak returned to pre-training levels after eight weeks of 

detraining. The findings from Klausen et al. (1981) and our results suggest that 

peripheral adaptations such as an increase in capillary density, which in part, may 

result in an increase in V0 2 peak, are lost after 4-8 weeks of detraining. 
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Aerobic training group 

The aerobic training group had a significant (P< 0.05) increase in V02 peak after 

16 weeks of training. A number of aerobic training studies involving older men have 

previously reported significant increases in V0 2 max/peak. A summary of these 

results is presented in Table 2. A review of these results found that the percent 

increase in V0 2 max/peak with aerobic training was positively and significantly 

correlated with the duration of the aerobic training programme (r = 0.67, P< 0.05). 
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Figure 23. Percent change in peak oxygen consumption: Effect of length of 
aerobic training for studies of 4-30 weeks duration. r = 0.67, P< 0.05 
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The 15 ± 2.5% increase in V0 2 peak for the aerobic group was similar to the 

increase reported by the majority of aerobic training studies of 16 to 20 weeks 

duration involving men of a similar age (1, 105, 225, 259, 394, 405). 

However not all training studies have reported significant increases in V02 peak 

after aerobic training in older men (93, 94, 334). Malbut et al. (2002) examined the 

effect of aerobic training (20 minutes at a RPE of 13-15, 3 daysfwk) in a group of 

men aged 80-87 yrs. After 24 weeks training there was no significant increase in 

V02 peak. The authors were unsure as to why there was no significant increase in 

V02 peak in the older men (334). However, guidelines from the American College 

of Sports Medicine (5) and a recent review (306) indicate that the duration of each 

training session and the training intensity may been insufficient training stimulus to 

significantly increase V0 2 peak. The effect of training intensity on changes in V02 

peak is emphasised in the study by Hagberg et al. (1989). Two groups of men and 

women aged 64 ± 3 yrs trained at either a low intensity (30-45 mins at 53% of 

V0 2 peak) or a moderate intensity (30-40 mins at 73% of V0 2 peak) for nine 

months. While the moderate intensity group significantly improved their V02 peak 

by 28%, there was no significant improvement in V02 peak in the low intensity 

group despite both groups having similar total caloric expenditure per week (190). 

Makrides et al. (1990) demonstrated the effect of high-intensity aerobic training on 

12 men aged 60-70 yrs. The 12-week training program consisted of one hour three 

times per week of interval type training where subjects exercised at > 85% of V0 2 

peak for 5 mins with 3 mins recovery at 65% of V0 2 peak (333). Peak V0 2 

significantly increased by 38% which is considerably greater than the 15% increase 

in V02 peak of the present study. This is most likely due to the training intensity 

and duration of the present study (45 mins at 70% of V0 2 peak) being 

considerably less than the training intensity and duration of the study by Makrides 

et al. (1990) (60mins at > 85% of V0 2 peak for 5 mins with 3 mins recovery at 

65% of V02 peak). Furthermore the older age group of the present study (70-80 

yrs) compared to the age group used by Makrides et al. (1990) (60-70 yrs) may 
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have contributed to the difference in reported increases in V02 peak. Several 

studies (116, 489) have shown that older subjects (> 75 yrs) may have a reduced 

capacity to improve V02 peak in response to aerobic training compared to youger 

subjects « 70 yrs). 

The aerobically trained men of the present study had a significant (P< 0.05) 

increase in peak power and peak V E (Table 9). These results agree with the 

findings of others who reported significant increase in peak power (17, 333, 405) 

and peak VE (29,190,351,405,571) with aerobic training. The increase in peak 

power is consistent with a significant increase in V02 peak (see Figures 15 &16). 

Subjects were able to exercise for a longer period in the incremental exercise test 

thereby achieving a greater peak V E and power. 

Our data suggest that the mechanism responsible for the increase in V02 peak in 

response to the aerobic training was a larger peak exercise cardiac output, as 

evidenced by a significant increase in cardiac ouput without a concurrent increase 

in a - V 02 difference (Table 11). The increase in Q peak was most likely due to an 

increase in SV as there was no significant increase in maximum heart rate. While 

most studies (59, 67, 189, 190,225,380,386,399) report no significant change in 

peak heart rate after a period of aerobic training, some studies (116, 333) have 

found significant increase in peak heart rate. Ehsani et al. (2003) examined the 

change in Q peak in a group of 22 men and women aged 83 ± 3.6 yrs after nine 

months of aerobic training (70-75% of V0 2 peak for 20-60 min/day, 3 days/wk). 

Peak cardiac output (14%) and peak heart rate (5%) significantly increased 

however there was no significant increase in SV. The authors admitted that 

significant increase in peak heart rate may have been due to the inability of the 

older subjects to attain a true V0 2 peak during their initial incremental exercise 

test because of muscle weakness and fatigue (116). Furthermore the use of male 

and female subjects may have confounded the results. Spina et al. (1993) have 

reported that significant increases in V02 peak in older women are primarily due 

to an increase in maximum a - V O2 difference whereas in older men the significant 
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increases in V02 peak is mediated by an increase in 6, SV and to a lesser 

degree maximum a - V O2 difference. When Ehsani et al. (2003) examined the 

effect of gender on the adaptive responses to aerobic training they found a 

significant increase in 6 peak (21 %) and no significant difference in peak heart 

rate whereas the women had no significant difference in 6 peak or maximum 

a - V 02 difference while peak heart rate remained significantly higher. These 

findings confirm the concept that there are gender differences in the mechanisms 

underlying the increase in aerobic capacity of older individuals. 

The significant increase in SV of the older men in the present study may have been 

due to an increase in blood volume as a result of an increase in plasma volume 

(71). However, it is unclear as to whether aerobic training increases the blood 

volume in older subjects. Some studies (59, 189, 215, 394) have reported that 

aerobic training increases blood volume in older subjects and others have reported 

no increase in blood volume (366, 380). Okazaki et al. (2002) examined the 

changes in blood volume in 23 men aged 64 ± 1 yrs after 18 weeks of aerobic 

training (50-80% of V02 peak for 60 min/day, 3 days/wk). Despite a significant 

increase in V0 2 peak (20 ± 2%), there was no significant increase in blood 

volume. The authors suggested, as a possible explanation for no increase in blood 

volume was the associated lack of change in total albumin. Increases in blood 

volume have been reported to be associated with an increase in total albumin in 

younger subjects. In contrast to these findings, Pickering et al. (1997) who reported 

a significant increase in V02 peak (16 ± 8%) also reported a significant increase in 

blood volume (7 ± 3%) and plasma volume (11 ± 3%) after 16 weeks of aerobic 

training (50-85% of V02 peak for 35 min/day, 3 days/wk) 10 men and women 

aged 62 ± 2 yrs. Although total albumin was not measured, there were significant 

increases in total circulating protein and sodium levels which may have contributed 

to the significant increase in plasma and blood volume (394). An increase in blood 

volume has been reported to increase early diastolic filling in older men (376). 

Nottin et al. (2004) reported that aerobically trained master athletes (58 ± 4 yrs) 
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who trained 8-15 hours per week for the last 22 ± 5 yrs had significantly increased 

early diastolic filling compared to sedentary men of a similar age (56 ± 4 yrs). The 

increase in early diastolic filling may in turn lead to an increase in left ventricular 

end-diastolic volume and SV. The increase in blood volume, which has been 

observed during training, has been reported to increase after six days of training in 

both younger (19 ± 4 yrs) and older men (68 ± 5 yrs) (167, 215). The rapid 

increase in blood volume in response to aerobic training may, in part, explain the 

significant increase in V02 peak observed in the present study after four weeks of 

training. V02 peak significantly (P< 0.05) increased every four weeks during the 

16 weeks of training in the aerobic group. It should be noted that the present study 

measured cardiac output only after 16 weeks, therefore the exact mechanism(s) 

for the increase in V0 2 peak every four weeks of the study in the aerobic group 

are unknown. However, apart from a possible increase in blood volume, an 

increase in oxidative enzymes may also be responsible for early increases in V0 2 

peak seen in the present study (213, 488). Spina et al. (1996) reported a 

siginificant increase in V02 peak (9%) and significant increases (25-47%) in the 

oxidative enzymes citrate synthase, B-hydroxyacyl-CoA dehydrogenase, 

mitochondrial thiolase and carnitine acetyltransferase after seven days of aerobic 

training in 12 men and women aged (27 ± 5 yrs). Similarly, Short et al. (2003) 

investigated the changes in muscle oxidative capacity after 16 weeks of aerobic 

training (70-80% of V02 peak for 40 min/day, 4 days/wk) in 21 men and women 

aged 70-87 yrs. The aerobic training resulted in a significant increase in V02 peak 

(10%) and significant increases in the oxidative enzymes citrate synthase (46%) 

and cytochrome c oxidase (87%) (474). Other physiological adaptations that may 

have contributed to the increase in V02 peak from weeks 8-16 of the present 

study include a reduced capillary basement membrane (563), increased capillary 

density (225) and enhanced myocardial contractile function in response to J3-

adrenergic stimulation (492). However, changes in cardiac structure are unlikely to 

have contributed to the increase in cardiac output and V02 peak of the present 
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study as short-term « 6 months) training studies (225, 388, 567) have not 

generally found any changes in left ventricular mass, cavity dimension and wall 

thickness often seen in long-term (3 to 6 decades) aerobically trained older men 

(163,545). 

After four weeks of detraining \;02 peak was significantly (P< 0.05) lower than 

after 16 weeks training but remained significantly (P< 0.05) higher than pre-training 

values (Figure 15). Our results are in contrast to others (129, 391, 394) who have 

reported that gains in \;02 peak after a period of aerobic training in older men are 

completely lost following a period of detraining. Fatouros et al. (2004) examined 

the changes in \;02 peak of 11 men aged 65-78 yrs after 16 weeks of aerobic 

training (50-80% of HRmax for 45 min/day, 3 days/wk) and after 16 weeks of 

detraining. \;02 peak significantly increased (26%) after 16 weeks training but 

returned to pre-training levels after the detraining period (129). Similarly, Pickering 

et al. (1997) found that the significant increase in \;02 peak (16%) after 16 weeks 

of aerobic training (50-85% of \;02 peak for 35 min/day, 3 days/wk) had returned 

to pre-training levels after 16 weeks detraining in 10 men and women aged 62 ± 2 

yrs. The difference in our results with those of Fatouros et al. (2004) and others 

(360, 394) may be due to the length of the detraining period. The present study 

used 4 weeks as a detraining period compared to the 16-24 weeks of detraining 

used in the other studies. Longer detraining periods (> 8 wk) are associated with a 

greater decrease in \;02 peak than shorter detraining periods « 4 wk) (367). 

Other factors that may influence the extent of decline in \;02 peak during the 

detraining period include, the higher the \;02 peak, the larger the decline in \;02 

peak during detraining (368) and the level of habitual activity during the detraining 

period (368). To control the activity of the subjects in the aerobic training group 

during the detraining period all subjects were (i) advised prior to the detraining 

period of the importance of maintaining their normal daliy activities and refraining 

from participating in any new regular physical activity during the four weeks of 

detraining (ii) contacted on a weekly basis to remind subjects of the conditions to 
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which they were to adher to during the four weeks detraining. With these measures 

in place we are confident that the V02 peak measured after four weeks detraining 

truly represents the effect of detraining without the influence of regular physical 

activity. To our knowledge, the effects of short-term detraining « four weeks) on 

V0 2 peak in men aged 70-80 yrs after 16 weeks of aerobic training have not been 

well examined. While the aerobically trained group increased V02 peak after 16 

weeks training (15 ± 2.5 %) V02 peak had declined by approximately 60% after 

the four weeks of detraining. The decline in V0 2 peak after the four weeks 

detraining may be the result of a reduced blood volume (368, 391, 394). Pickering 

et al. (1997) reported that significant increases in blood volume (7 ± 3%), plasma 

volume (11 ± 3%) and V0 2 peak (16 ± 8%) after 16 weeks of aerobic training had 

returned to pre-training levels after 16 weeks detraining in men and women aged 

62 ± 2 yrs. Shorter detraining periods have also resulted in significant decreases in 

blood and plasma volume after a period of aerobic training (78, 391). Petrella et al. 

(1997) reported that significant increases in plasma volume (10%) and V0 2 peak 

(12%) following 5 days of high-intensity aerobic training (60min at 70% (day 1), 

80% (day 2) and 90% (days 3-5) of pre-training peak work rate) had returned to 

pre-training levels after 21 days of detraining in seven men aged 68 ± 4 yrs. These 

results and others (368, 472) indicate that increases in plasma volume after a 

period of aerobic training maybe lost within the first 1-3 weeks of detraining and 

that the loss of plasma volume may be, in part, responsible for the decrease in 

V02 peak observed in the present study. However, neither cardiac output nor 

stroke volume was significantly reduced after four weeks detraining. A reduced SV 

resulting from the reduced blood volume is thought to be responsible for the 

decrease in V02 peak following a period of detraining. The changes in cardiac 

output and SV will be discussed in the following section. Other possible reasons for 

the decrease in V0 2 peak in the present study include a decrease in 

mitochondrial enzymes (79, 560) and capillary density (282) that have been 

reported after 3-8 weeks of detraining. 
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Peak Cardiac Output (Q peak) 

Peak estimates of Q were determined because of the difficulty in measuring Q at 

maximum exercise in older subjects. To determine Q peak each subject would 

have been expected to sustain an V02 equivalent to V02 peak for a period of 

approximately one-minute while the rebreathing procedure is performed. Unless 

the subjects are highly motivated, a sustained maximum effort is difficult to 

achieve, particularly for the older individual. Indeed, Rivera et al. (1989) was 

unable to measure Q max in a group of highly motivated masters athletes using 

acetylene rebreathing because subjects could not perform the rebreathing 

procedure at maximum effort. Several stUdies have estimated peak Q in older 

subjects. These studies are summarised in Table 16. The estimated pre-training Q 

peak for all subjects in the present study was similar to those values presented in 

Table 16. 

There is variation in the values of Q peak for older subjects presented in Table 16 

that reflects differences in V0 2 peak. Subjects with a lower V02 peak have 

reported a lower Q peak (264), whereas subjects with a higher V02 peak have a 

higher Q peak (430), confirming the relationship between Q and V02 as 

described by the Fick equation. When examining Table 16 some varations are 

noted between values reported for Q and V02 peak. For example, Seals et al. 

(1984) estimated Q peak to be 17.6 L·min·1 for a group of subjects with a 

V02 peak of 1.91 L·min-1
. By comparison, Spina et al. (1993) found a lower 

Q peak (17 L·min-1
) in a group of older subjects with a higher V02 peak (2.35 

L.min·\ Furthermore, Hossack & Bruce (1982) and Ogawa et al. (1992) studied 

two separate groups of older subjects that had a similar mean V0 2 peak (2.21 and 

2.24 L·min-1 respectively) but with a different Q peak (15.3 and 16.3 L·min-1 

respectively). 
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Table 16. Estimates of [leak cardiac out[lut for subjects aged 50 to 81 yr. I 
Investigation 

Age V02 peak Qpeak SVpeak HR peak Peak a - v O2 diff' 
(yr) (L.min·' ) (L·min") (mL.bear' ) (beats.min·' ) (mL 02·100mL·') \ 

Julius et al. (1967) 1.38 140 11.3 50-69 12.0 86 

Hossack & Bruce (1982) # 60-73 2.21 15.3 96 160 14.5 

Seals et al. (1984) # 60-67 1.91 17.6 101 174 11.7 

Rivera et al. (1989) 59-81 3.0 18.2 117 155 16.6 

Markides et al. (1990) # 60-70 1.60 12.7 79 161 12.6 

Ogawa et al. (1992) 60-68 2.24 16.3 101 161 13.6 

Spina et al. (1993) 60-69 2.35 17.0 101 168 13.8 

Ehsani et al. (2003) 78-90 1.34 11.2 85 132 11.4 
Present 

Resistance 70-80 1.95 13.2 88 153 14.7 study #. 

Aerobic 70-80 1.88 13.4 91 150 14.1 

Control 70-80 1.91 13.2 86 152 14.4 

Values are means only. V02 peak, peak oxygen uptake; Q peak, peak cardiac output; SV peak, peak 
stroke volume; HR peak, peak heart rate; Peak a - V O2 diff, peak arterial venous difference. # Estimate 
of cardiac output at maximum exercise from sUb-maximum exercise. • Resistance, aerobic and control 
groups pre-training values. 

The variation in Q peak in relation to V02 peak in Table 16 may reflect 

methodological differences. Some studies (333, 467) have estimated Q peak using 

a sub-maximum exercise measurement of Q and assumed that SV had plateaued. 

Peak cardiac output was then estimated by multiplying the sub-maximum exercise 

SV by the peak HR. Stroke volume has been shown to peak at 40% of V02 max 

in trained cyclists, runners as well as sedentary older men (345). However, studies 

by Julius et al. (1967) and Rivera et al. (1989) found that in some older subjects SV 

does not plateau during incremental exercise. In the present study Q was 

measured at approximately 70% V02 peak and multiplied by peak HR to 

determine Q peak. While SV could have continued to increase as indicated by 

Julius et al. (1967) and Rivera et al. (1989), the increase in SV from 70-100% 
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V02 peak could expect to have a smaller variation on 6 peak than assuming that 

SV had peaked at 30-40% V0 2 peak as reported by McLaren et al (1997). A 

recent review (536) found that while early research supported a plateau in SV in 

healthy untrained and trained subjects, more recent research has found that SV 

progressively increases to V0 2 peak in both untrained and trained SUbjects, 

although this finding has not been consistently reported. Therefore the 6 peak 

values reported for maximum exercise in the present study must be viewed with 

some caution. 

Resistance training group 

The effect of resistance training on 6 in older men is not clear with few longitudinal 

studies examining the changes in cardiac function and morphology after a period of 

resistance training. Cross-sectional data indicates that long-term resistance trained 

athletes have an increased absolute left ventricular mass (127, 220, 222), 

increased left ventricular wall thickness (358), and increased septum thickness 

(349). Furthermore, Suman et al. (2000) have shown that long-term (> 5 years) 

resistance trained athletes with left ventricular hypertrophy have an enhanced 

inotropic response to catecholamines which may affect Q during exercise. The 

changes in ventricular morphology seen in resistance trained athletes appears to 

be related to the intensity and duration of the training (138). It is thought that the 

heightened pressure load and subsequent wall stress associated with resistance 

training acts as the stimulus to increase left ventricular wall thickness and mass 

(498). While plausible, other studies have found no significant changes in cardiac 

structure or function in resistance trained athletes (222). The disparity among 

reported results may be due to (1) the type of resistance trained athlete studied (ie. 

bodybuilder vs powerlifter vs weightlifter) and (2) whether the subjects were using 
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anabolic steroids. Studies have shown that anabolic steroid use may be associated 

with left ventricular morphological adaptations including an increase in posterior 

wall thickness (453) ventricular septal wall thickness (103) and left ventricular mass 

(90, 453). In the present study, the peak SV, HR and Q did not change 

significantly over the 16 weeks of training or during the four weeks of detraining. 

These results agree with other studies that have examined changes in cardiac 

function of older men after a period of resistance training (220, 454). Whether older 

men require a longer training duration to induce changes in cardiac function or if 

increases in left ventricular dimensions and mass secondary to exercise training 

are limited to those who perform aerobic exercise is yet to be determined. 

The present study found a significant (P< 0.05) increase in peak a -V O2 difference 

after 16 weeks of resistance training. To date we are unaware of any other studies 

that have assessed changes in peak a -V O 2 difference after a period of resistance 

training and subsequent detraining in older men. The widening of the a - V 02 

difference may be due to an increase in oxidative enzymes (154, 263), capillary 

density (154) and capillary-to-fiber surface area (225) seen in other resistance 

training studies. The 8.2 ± 0.5% increase in a -v O2 difference found in the 

resistance trained men of the present study, was similar to the 8 ± 0.8% increase in 

V02 peak found in the present study after 16 weeks of resistance training. In 

support of these findings, Hepple et al. (1997) reported that after nine weeks of 

resistance training in older men (65-74 yr), the increases in the capillary-to-fibre 

surface area also paralleled the changes in V02 peak. The increase in capillary

to-fibre surface area was despite the significant (P< 0.05) increase in muscle fibre 

area and was due to an increase in the number of capillaries in contact with 

individual muscle fibres. The larger capillary-to-fibre surface area indicates a larger 

area was available for exchange between the capillaries and fibres after resistance 

training and suggests there may be an increased capacity for oxygen diffusion and 

therefore increased a - V O2 difference. 
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After four weeks of detraining a - V 02 difference was significantly (P< 0.05) lower 

than after 16 weeks training and had returned to pre-training values. The return of 

the a - V 02 difference to pre-training values parallels the change in V02 peak, 

which also retuned to pre-training values after four weeks of detraining. We can 

only hypothesise that once the stimulus of resistance training had been removed 

the proposed mechanisms for an increase in a - V O2 difference (an increase in 

oxidative enzymes, capillary density or capillary-to-fibre surface area) had also 

returned to pre-training levels after the four weeks of detraining. 

Aerobic training group 

After 16 weeks training in the aerobic group there was a significant (P< 0.05) 

increase in peak SV and Q with no significant change in peak HR or a - V O2 

difference. The present results are similar to those reported by some (333, 491) but 

differ from others (467). Unlike the present study, Seals et al. (1984) reported that 

the primary mechanism for an increase in V02 peak following aerobic training was 

an increase in the peak a - V 02 difference, rather than an increase in Q peak. 

However, Seals et al. (1984) possibly failed to detect changes in Qpeak because 

of the inclusion of both male and female subjects in their study. A later study 

reported that adaptations to aerobic training in older subjects were gender specific 

(491). For older females, the increase in V0 2 peak following aerobic training was 

entirely due to an increase in peak a - V 02 difference, whereas for older males the 

increase in V02 peak was the result of an increase in both Q peak and a - V O2 

difference. Ehsani et al. (2003) also found differences in the gender response to 

aerobic training in older men and women (83 ± 3 yr). After nine months of strength 

and aerobic training there was a significant increase in V0 2 peak (14%), Q peak 

(14%) with no significant change in a - V 02 difference for the older men and 
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women. However, when the effect of gender was examined, V02 peak increased 

by 15.4% for the men and 10.4% for the women. In the men, the increase in V0 2 

peak was exclusively due to an increase in 6 peak (22%) as a result of an 

increase in SV (15%). In the women, the increase in V0 2 peak was due to a small 

increase in Q peak (6%) as a result of a significant increase in HR (6%) with no 

significant increase in a - V 02 difference reported. To reduce the confounding 

effect of gender on the cardiovascular response to aerobic training, the present 

study used only males between the ages of 70 and 80 years. 

It should be noted that although the present study found a significant increase in 

peak SV after 16 weeks of aerobic training, we did not investigate the mechanisms 

responsible for change in SV with aerobic training. Therefore the exact 

mechanism(s) for the increase in peak SV following training in the aerobic group 

are unknown. A number of studies have reported that the increase in SV following 

aerobic training in older subjects may be due to an increased preload (113, 319, 

500). Eshani et al. (1987) found an increase in the peak SV measured during 

supine exercise following 12 months of aerobic training in a group of older men. 

The increase in peak SV was correlated with an increase in the left ventricular end 

diastolic volume (LVEDV) (r = 0.95, P< 0.05). Furthermore, subjects had an 

increase in the posterior wall thickness of the LV at the end of diastole. These 

structural changes in the LV are consistent with volume overload hypertrophy, 

typical of the aerobic training induced changes in the LV found in younger subjects 

(115). Eshani et al. (1991) also reported that the ejection fraction (EF) at peak 

supine exercise was increased following aerobic training. The increase in EF at 

peak supine exercise was not associated with an increase in afterload. An increase 

in EF without a concomitant increase in afterload is representative of an increase in 

myocardial contractility. The mechanism for the increase in myocardial contractility 

following aerobic training is unclear. A study by Stratton et al. (1992) compared the 

J3 adrenergic response in a group of young (24-32 yr) and older subjects (60-82 yr) 

by infusing subjects with isoproterenol and measuring the change in resting Q, 
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HR, blood pressure and EF. Six months of aerobic training in young and old 

subjects failed to augment the cardiovascular responses (6, HR, blood pressure 

and EF) to isoproterenol despite a 17% and 21 % increase in V0 2 max in the 

young and old groups respectively. These results imply that there was no change 

in ~ adrenergic sensitivity following aerobic training. However to determine if the 

increase in myocardial contractility was mediated by enhanced response to ~

adrenergic stimulation, Spina et aJ. (1998) assessed left ventricular reserve and Q 

during V02 max with and without ~-adrenergic blockade, before and after 9 

months of aerobic training in men aged 65 ± 1 yrs (492). Aerobic training resulted 

in significant increases in V02 max, 6 and SV. However, the increases in 

maximum Q and SV were abolished following the administration of the ~

adrenergic blockade. These results suggest that in older men one of the underlying 

mechanisms responsible for the adaptive increase in LV systolic function in 

response to aerobic training is an enhanced inotropic sensitivity to catecholamines. 

Using Tissue Doppler Imaging, Baldi et aJ. (2003) also found that aerobically 

trained older men had significantly higher systolic velocity compared to sedentary 

men of a similar age (19) 

There is also debate as to whether aerobic training enhances diastolic function in 

older subjects. Baldi et aJ. (2003) found that early diastolic filling was not affected 

by aerobic training in older men. However they did report that increased late 

diastolic filling, a normal compensatory adaptation in older men to increase end

diastolic volume, is augmented by aerobic training (19). In contrast Nottin et aJ. 

(2004) reported that aerobically trained master athletes (58 ± 4 yrs) who trained 8-

15 hours per week for the last 22 ± 5 yrs had significantly increased early diastolic 

filling compared to sedentary men of a similar age (56 ± 4 yrs). The increase in 

early diastolic filling occurred despite the inability of the aerobically trained men to 

attenuate the age-related decline in left ventricular relaxation properties. The 

authors hypothesised that the increased early diastolic filling was due to an 

increased preload as a result of plasma volume expansion in the master athletes 
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(376). An expanded plasma and total blood volume may have possibly contributed 

to the training-induced increase in SV seen in the aerobically trained older men of 

the present study, although there is conflicting evidence as to whether aerobic 

training increases plasma volume in older men (60, 189, 380). Myocardial 

structural adaptations consistent with chronic volume overload hypertrophy appear 

to take longer than 16 weeks to occur (115) and were therefore less likely to have 

contributed to the increase in SV and 6 peak of the aerobically trained men of the 

present study. 

After four weeks of detraining peak SV and 6 were not significantly different from 

values achieved after 16 weeks of training and remained significantly (P< 0.05) 

greater than pre-training values. We are unaware of any pervious studies involving 

sedentary older men that have examined the changes in peak 6 after a period of 

aerobic training and subsequent detraining. Giada et al. (1998) reported that long

term (21 ± 12) aerobically trained older men (50-65 years) had a significant 

reduction in left ventricular mass and volume after eight weeks of detraining. 

Significant reductions in left ventricular dimension and left ventricular mass have 

also been reported after three weeks of detraining in highly trained cyclists and 

runners (114, 338). We did not assess changes in cardiac dimensions, so we are 

unable to provide informed comment on possible changes in ventricular 

morphology and dimensions in the aerobically trained men of the present study. 

The majority of studies involving highly trained athletes and previously sedentary 

individuals have shown significant reductions in peak 6 after a period of detraining 

(367). The reduction in 6 peak is a consequence of the decline in SV resulting 

from reduced blood volume (79). Coyle et al. (1986) reported a 12% lower SV 

during exercise in a group of endurance athletes who stopped training for 2-4 

weeks. The reduction in SV was reversed by the infusion of a saline solution that 

returned the blood volume to the same level as in the trained state. This indicated 

that the decrease in SV following the detraining period was primarily due to a 

reduction in blood volume, not to a decrease in cardiac dimension. Pickering et al. 

202 



(1997) also found that the 7% increase in blood volume attained after 16 weeks of 

aerobic training in older men (62 ± 2 yr) was completely lost following 16 weeks of 

detraining. Why the men of the present study did not have a significant reduction in 

peak SV and Q after four weeks of detraining is unclear. This does however 

demonstrate that the gains in peak Q acquired after 16 weeks of aerobic training 

are maintained after four weeks of detraining in older men. The ability of the 

aerobically trained men to maintain V0 2 peak above pre-training levels after the 

detraining period is most likely due to the retention of the gains in Q. 

Sub-maximum Exercise 

To assess the cardiovascular characteristics of the resistance training, aerobic 

training and control groups, subjects completed a sUb-maximum test at the same 

absolute intensity (40 Watts) and at two relative intensities (50 and 70% of V0 2 

peak), before training, after 16 weeks of training and after four weeks of detraining. 

Resistance training group 

The resistance trained men of the present study had a significant (P< 0.05) 

increase in SV and significant (P< 0.05) reduction in HR at the absolute workload 

of 40 Watts after 16 weeks of training and four weeks of detraining (Table 12). The 

change in cardiac function at the absolute workload (40 Watts) is in contrast to the 

HR and SV values achieved at 70% of V0 2 peak and SV at 50% of V02 peak, 

which did not significantly change over the 16 weeks of training or the four weeks 

of detraining. The lower HR at the same absolute exercise intensity (40 Watts) may 

be due to a lower level of sympathetic activity (468). Although no resistance 
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training studies have examined the sympathetic response to sub-maximum 

exercise after a period of training, aerobic training has been associated with a 

reduction in plasma catecholamine concentration, in particular norepinephrine, at 

the same absolute exercise intensity (288, 387). The reduced HR at 40 Watts may 

have allowed for greater ventricular filling time and an increase in end diastolic 

volume. The increase in preload would ensure a greater reliance on the Frank

Starling mechanism and may account for the increase in SV found at 40 Watts. 

Furthermore, significant (P< 0.05) reductions in SBP and MAP at 40 Watts could 

have reduced afterload and aided in the increase in SV. Perini et al. (2002) 

suggested that lower arterial pressures at low-medium exercise intensities could 

reflect a lower level of activation of the sympathetic system elicited by the same 

absolute load after training. An indicator of myocardial oxygen consumption (RPP) 

was also significantly (P< 0.05) lower in the resistance trained men at 40 Watts. 

Myocardial oxygen consumption is considered an important indicator of the load 

placed on the heart (232) and our results suggest at the same absolute load, the 

heart was required to do less work to maintain Q. The changes in HR, SV, SBP, 

MAP, and RPP found after 16 weeks training were maintained after the four weeks 

of detraining at the absolute load of 40 Watts although V02 peak had returned to 

pre-training levels. This suggests that some cardiovascular benefits at a sub

maximum level are maintained after a short period of detraining despite the loss of 

gains made in V02 peak. At 50% V02 peak the resistance trained men showed 

a significant (P< 0.05) reduction in HR although there was no significant difference 

in SV after 16 weeks of training. It would appear that between the fixed workload of 

40 Watts and the relative load of 50% V02 peak (54-55 Watts) a threshold was 

reached whereby the activation of the sympathetic system was increased. 

Although catecholamines were not measured in the present study, several studies 

have shown that workloads greater than 50-60% V0 2 max are required before 

significant increases in catecholamines are found (149, 386). Perini et al. (2002) 

indicated that workloads greater than 1kp (50 Watts at 50 rpm) were required to 
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increase the activation of the sympathetic system to maintain arterial pressure in 

older men (70-80 yr). At 70% V0 2 peak there was a significant (P< 0.05) increase 

in power and V0 2 for the resistance trained men after 16 weeks of training. The 

increase in V02 (7%) reflected the similar increase in V02 peak after the 16 

weeks of training. The increase in V02 at 70% V02 peak was not accompanied 

by a significant increase in Q despite the increased workload. The increased 

metabolic demands were met by a significant (P< 0.05) increase in a - V O2 

difference at the higher workload of 70% V0 2 peak. Similar increases in a - V O2 

difference were found at peak exercise in the resistance trained men. The 

mechanisms responsible for the changes in a - V O2 difference have been 

discussed and these results further highlight the possibility of peripheral 

adaptations to resistance training that may increase peak V0 2 of the older 

individual. The a - V O2 difference, power and V0 2 at 70% V0 2 peak returned to 

pre-training levels after four weeks of detraining. 

Aerobic training group 

The aerobically trained men of the present study had a significant (P< 0.05) 

increase in SV and significant (P< 0.05) reduction in HR at 40 Watts and 50% vb2 

peak after 16 weeks of training and four weeks of detraining. A decrease in the 

sub-maximum exercise HR and an increase in the sub-maximum exercise SV has 

been reported by others (17, 29, 96, 333, 467, 491). Studies by Rodeheffer et al. 

(1984) and Gerstenblith et al. (1987) reported that the decrease in sub-maximum 

exercise HR was associated with an increase in the diastolic filling time and EDV. 

Such changes in diastolic filling times may have contributed to an increase in the 

SV via the Frank-Starling mechanism. A reduced afterload may have also been a 

factor in the increase in SV seen during SUb-maximum exercise. The significant 
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(P< 0.05) reduction in SBP and MAP found at all three sUb-maximum exercise 

intensities (40 Watts, 50% and 70% V02 peak) may have contributed to the 

reduced afterload. Furthermore, longitudinal and cross-sectional data has indicated 

that aerobic training in older men can reduce the age-associated decline in arterial 

compliance thereby reducing afterload and allowing more complete emptying of 

the left ventricle (509). It has been suggested that the age-associated decrease in 

arterial compliance, in particular the baroreflexes (aortic arch and carotid artery) 

results in less afferent firing for a given change in arterial pressure, less inhibition 

of sympathetic outflow, and less augmentation of vagal tone (261). Reducing 

arterial stiffness through aerobic training may explain the reduced effects of 

sympathetic outflow at the sUb-maximum intensities of the present study. 

Dempsey et al. (1995) hypothesised that the lower HR during sub-maximum 

exercise at the same absolute intensity following aerobic training is representative 

of a lower sympathetic nervous system activation (98, 288). Consistent with this 

hypothesis, Kohrt et al. (1993) reported that sub-maximum exercise plasma 

adrenaline and noradrenaline levels were 39 and 57% lower respectively following 

aerobic training. Changes in plasma catecholamine responses to SUb-maximum 

exercise at the same intensity were related to both the reduction in the relative 

intensity of sub-maximum exercise and the plasma lactate accumulation during 

exercise (288). The present study found significant (P< 0.05) reductions in plasma 

lactate accumulation at 40 Watts, 50 and 70% V0 2 peak and 15 minutes post 

exercise after the 16 weeks of training and four weeks of detraining. Similar results 

were reported by Seals et al. (1984) who found significant reductions in lactate at 

the same absolute and relative intensities after 12 months of aerobic training in 

older men (63 ± 2 yr). The lower lactate levels achieved after a period of aerobic 

training at sub-maximum intensities below 70% V0 2 peak are usually due to a 

reduced lactate production. This may be the result of a reduced sympathetic 

outflow and therefore decreased effect of catecholamines on muscle 

glycogenolysis (329). Lower lactate levels above 70% V02 peak after training are 
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usually due to a higher lactate metabolic clearance (329) and may be the result of 

an increase in the capacity of the skeletal muscle for oxidative metabolism as a 

smaller amount of the pyruvate formed by glycolysis is converted to lactate and a 

greater portion directed into the mitochondrial oxidative pathway (467). Unlike 

some studies (62. 329). there was no evidence of a decrease in carbohydrate 

utilisation effecting lactate accumulation during the sub-maximum exercises in the 

trained state as no significant differences were found in RER values over the 16 

weeks of training or the four weeks of detraining. 

The present study found significant (P< 0.05) reductions in SBP. DBP and MAP at 

40 Watts and 50 % V0 2 peak. while DBP and MAP were lower at 70% V0 2 peak 

after 16 weeks training and four weeks of detraining. Similar results have been 

reported elsewhere for older men at sUb-maximum (288) and maximum (351) 

exercise intensities. Lower blood pressure values recorded during sub-maximum 

exercise after a period of aerobic training have been associated with a reduced risk 

of developing hypertension and other cardiovascular diseases (290). The reduced 

blood pressure values found at the lower sub-maximum intensities of the present 

study may in part. be due to the significant (P< 0.05) reduction in TPR (Tables 

11&12). Although catecholamines were not measured in the present study. a 

decreased sympathetic response may have also contributed to the reduction in 

blood pressure. There was a significant (P< 0.05) decrease in the RPP suggesting 

a reduced metabolic demand was placed on the heart at 40 Watts and 50% V02 

peak. This was despite power at 50% V02 peak increasing by 17% after 16 

weeks of training without a significant increase in V02 or Q. To compensate for 

the increased workload without an increase in V0 2 there may have been an 

improvement in cycling efficiency (383) or a more efficient blood flow distribution to 

the exercising muscle. However there was no significant increase in the a - V O 2 

difference at any sUb-maximum work stage. Power at 70% V0 2 peak significantly 

(P< 0.05) increased after 16 weeks of training but returned to pre-training values 

after four weeks of detraining. The increase in workload was met by significant 
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increases in V02 and Q at 70% V0 2 peak. The increase in Q was due to an 

increase in SV, as HR was significantly lower at 70% V0 2 after 16 weeks training. 

The mechanisms responsible for the change in SV at 70% V0 2 peak may have 

been different from that at the lower intensities. The significantly lower HR at 40 

Watts and 50% V02 peak found after the 16 weeks of training and four weeks of 

detraining may have allowed for greater ventricular filling time and an increase in 

end diastolic volume. The increase in preload would ensure a greater reliance on 

the Frank-Starling mechanism and may account for the increase in SV found at 

these intensities. At the higher intensity of 70% V0 2 peak a decrease in end

systolic volume may have accounted for the increase in SV (231). This may be due 

to an increase in catecholamines at the higher intensity increasing myocardial 

contractility. Although SBP did not significant change, DBP and MAP were 

significantly (P< 0.05) lower after 16 weeks training and four weeks of detraining. 

The reduced DBP and MAP were possibly the result of the significant (P< 0.05) 

reduction in TPR at 70% V0 2 peak. These results suggest that untrained older 

men who participate in regular aerobic exercise may be able to decrease arteriolar 

resistance and afterload during sub-maximum cycle ergometry. The finding that 

TPR of trained individuals is lower than untrained individuals is consistent with 

previous studies (143). McLaren et al. (1997) found that trained older cyclists and 

runners had significantly greater declines in TPR during a graded exercise test 

than age-matched controls. After four weeks of detraining power at 70% V02 

peak, Q, and V02 had return to pre-training values. However HR remained 

significantly (P< 0.05) lower and SV Significantly (P< 0.05) higher than pre-training 

values. Furthermore DBP, MAP and TPR remained significantly (P< 0.05) less 

than pre-training values. These results indicate that many of the cardiovascular 

benefits gained over the 16 weeks of training remained after four weeks of 

detraining during sub-maximum exercise. 
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Anabolic Hormones 

Aging is accompanied by a gradual but progressive reduction in the secretion of 

testosterone and GH in men (10). Although the changes in testosterone and GH 

can be viewed as an effect rather than a cause of aging, they are undoubtedly 

responsible for many alterations in body composition and physical function seen in 

older individuals (227, 309). With this in mind, recent years have witnessed a 

growing interest in the use of anabolic interventions for augmenting the age

associated changes in body composition and function in older men (41). However 

there have been few studies that have evaluated the combined effects of long-term 

recombinant human GH (rhGH) and testosterone supplementation (35, 208). A 

recent study found moderate increases in muscle strength and V02 peak in older 

men, however adverse side effects were frequent (35) and the increase in muscle 

strength and absolute V0 2 peak (6.8% and 3.3% respectively) are well below the 

gains of the resistance trained men of the present study (95% and 8% 

respectively). We therefore hypothesised that exercise may provide an altemative 

method of increasing circulating testosterone and GH and aid in the prevention of 

the age associated decline in physical function. 

Resting concentration of hormones 

The resting concentration of plasma GH, IGF-1, testosterone, SHBG and free 

testosterone of young men, older men and the men of the present study are shown 

in Table 17. The plasma GH concentrations of the men of the present study were 

within the normal ranges of men of a similar age. However, high inter-individual 

variability of plasma GH concentration makes it difficult to define "normal" levels for 

both young and older men. The variation in plasma GH concentration may be due 

to the pulsatile nature in which plasma GH is secreted (235) and therefore it is 

difficult to determine the plasma GH concentration of an individual by a single 
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blood sample. The plasma testosterone and IGF-1 concentrations of the older men 

of the present study were within the normal ranges of older men but are below 

young men's reference values. There is considerable debate as to whether the 

hormone concentrations of older men should be within the range of younger men 

or within the range of their age-matched reference values (447). However we 

accept that there are differences in muscular strength and power, V02 peak, Q 

peak, BP and body composition of older men compared to younger men, therefore 

for the purpose of the present study the plasma testosterone and IGF-1 

concentrations of the older men were considered to be within the normal range for 

their age. The SHBG concentration of the men in the present study was within the 

normal range for older men and towards the higher end of younger men. Aging 

results in an increase in resting SHBG concentration (120) and along with the 

decrease in plasma testosterone production produces a more pronounced 

decrease in free testosterone with aging compared to plasma testosterone. The 

cause of an increase in SHBG concentration with age is unclear but there is 

evidence that the decrease in plasma GH concentration may playa role (538). 

The free testosterone levels of the men in the present study were within the normal 

range for the older and younger men's reference values. At present there are 

several methods available to determine free or bio-available testosterone in older 

men. Measurement of free testosterone by equilibrium dialysis is considered the 

"gold standard" but is time consuming and costly (541). The current study utilized 

the method of Vermeulin et al. (1999) which calculates free testosterone from total 

testosterone, SHBG and a constant for the testosterone bound to albumin. This 

method has since been validated and shown to be a reliable index of unbound 

testosterone that yield values that are almost identical to the gold standard of 

equilibrium dialysis (365). 
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Table 17. Resting hormone values of young men, older men and the men of the 
present stud~. 

Young men Older men Present study 
(20-30 yr) (60-75 yr) (70-80 yr) # 

GH 

(Jlg. L·l ) 0.07 - 23 0.09-7.5 3.6 ± 1.2 

IGF-1 

(nmol. L·l ) 15- 45 10 -17 15.2±1.6 

Testosterone 

(nmol. L·l ) 16 - 35 10 - 20 15.3 ± 1.4 

SHBG 

(nmol. L·l ) 20 -70 35 - 90 50.1 ± 4.9 

Free 
testosterone 32 -92 23 - 63 56.3 ± 4.4 
(pmol.L·l ) 

Values for the present study are mean ± SEM. GH, growth hormone; IGF-1, insulin 
like growth factor 1; SHBG, sex hormone binding globulin. # Resistance, aerobic and 
control groups pre-training values combined. 

Hormonal response to sub-maximum exercise 

To assess the hormonal response of the resistance and aerobic groups, subjects 

completed 30 minutes of continuous sub-maximum cycle ergometry before 

training, after 16 weeks of training and after four weeks of detraining. The 30 

minutes of continuous cycle ergometry consisted of three ten-minute constant 

loads of 40 Watts, 50% V0 2 peak and 70% V02 peak. A catheter was inserted 

one hour before the commencement of exercise with the first blood sample taken 

15 minutes before exercise. The second blood sample was taken during the 

thirtieth minute of exercise just before the subject had completed the exercise bout. 
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Growth Hormone/Insulin-like Growth Factor-1 axis 

Resistance training group 

The resistance training group had no significant change in resting plasma GH or 

plasma IGF-1 concentration after 16 weeks training or four weeks of detraining. 

The lack of Significant change in the resting GH/IGFaxis after a period of 

resistance training is consistent with most resistance training studies of young 

(299, 342), middle aged (203) and older men (80, 299, 373). Longitudinal data also 

indicates that resistance training does not significantly increase resting GH 

concentration, with Olympic weightlifters (202) and strength athletes (7) (i.e. body 

builders, power lifters) having similar resting GH concentrations as sedentary 

individuals. Hakkinen et al. (2002) examined resting GH concentrations in 10 men 

aged 65 ± 5 yrs after 24 weeks of strength/power training. Despite significant 

increases in 1 RM and muscle GSA, there was no significant difference in resting 

GH concentration (198). Similarily, Hameed et al. (2004) found no significant 

difference in resting plasma IGF-1 concentration after 12 weeks of resistance 

training (3-5 sets of 8-12 repetitions at 70-80% of 1RM) 19 men aged 74 ± 1 yrs. 

However, muscle biopsies revealed two isoforms of IGF-1; mechano growth factor 

(MGF) and IGF-IEa were significantly increased after 5 and 12 weeks of training. 

The authors suggested that the significant increase in MGF and IGF-IEa may have 

contributed to the significant increase in 1 RM and muscle GSA (205). Others (206, 

477) have also reported significant increases in resting muscle IGF-1 after a period 

of resistance training in older individuals. The increase in muscle IGF-1 without an 

increase in plasma IGF-1 indicates that IGF-1 may operate in an 

autocrine/paracrine fashion with localised muscle damage synthesising and 

secreting IGF-1 to regulate muscle growth (6). We can only speculate that the 

increase in muscular strength and muscle GSA found in the resistance trained men 

of the present study may have been partly due to an increase in their muscle IGF-1 

concentrations as muscle biopsies were not performed in the present study. 
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The resistance group also had no significant change in plasma GH concentration 

after immediately 30 minutes of sub-maximum cycling before training, after 16 

weeks training or after four weeks of detraining. Our results are similar to most 

other studies (80, 299, 373) but not all (203) that have reported no significant 

change in plasma GH concentration immediately after a bout of resistance training 

in older men. Kraemer et al. (1999) found no significant increase in plasma GH 

concentration immediate, 5, 10, 15 and 30 minutes post exercise, before and after 

10 weeks of periodized strength-power training (Monday, 3 sets @ 3-5 RM with 2-3 

min of rest between sets; Wednesday, 3 sets @ 8-10 RM with 1 min of rest 

between sets; Friday, 3 sets of 6-8 repetitions performed in an explosive manner 

with 2-3 min of rest between sets) in nine men aged 62 ± 3 yrs. However, the 

authors reported that the younger men (30 ± 5 yrs) following the same resistance 

training program had a significant increase in plasma GH concentration immediate, 

5,10,15 and 30 minutes post exercise. The lack of significant increase in plasma 

GH concentration immediate post exercise in the older men could reflect the 

decreased function of the GH-axis seen in older individuals (519) 

The present study found no significant change in plasma IGF-1 concentration in 

the resistance training group immediately after 30 minutes of sub-maximum cycling 

before training, after 16 weeks training or after four weeks of detraining. Our results 

are in contrast to other studies (33, 293) that have reported a significant increase in 

plasma IGF-1 immediately after a resistance training session in older individuals. 

Bermon et al. (1999) investigated the effect of a resistance training session on 

plasma IGF-1 concentration in 32 men and women aged 67-80 yrs. Blood samples 

were drawn from the antecubital vein before training, immediate and six hours after 

the resistance training session. Plasma IGF-1 significantly increased immediately 

(17.7%) and six hours (7.5%) after the training session (33). Although plasma GH 

was not measured during the study, the authors discounted the influence any 

possible increase in GH concentration may have had on IGF-1 concentration as a 

minimum 12 hour delay is necessary for GH to induce a significant increase in 

213 



hepatic IGF-1 production (296). The post exercise increase in plasma IGF-1 is 

thought to not have a hepatic but muscular origin, as muscle is known to 

synthesize IGF-1 (205, 477). Although muscular secretion of IGF-1 is normally 

autocrine/paracrine, local tissue disruption may be responsible for the release of 

IGF-1 from the muscle in to the circulation (296). The increase in plasma IGF-1 

concentration as a result of tissue disruption may, in part, explain why our study 

failed to find an increase in plasma IGF-1 concentration immediately after a training 

session. The present study measured plasma IGF-1 concentration after 30 minutes 

of sub-maximum cycle exercise whereas Bermon et al. (1999) and others (293) 

measured plasma IGF-1 concentration after a resistance training session. A 

resistance training session is associated with significantly greater tissue disruption 

compared to an aerobic training session (58) due to the higher loads and eccentric 

contractions placed on the muscle tissue (570). Older individuals have also been 

shown to have an increased susceptibility to muscle damage from resistance 

training thereby accentuating the increase in plasma IGF-1 concentration (66). 

Aerobic training group 

The aerobic training group had no significant change in resting plasma GH or 

plasma IGF-1 concentration after 16 weeks training or four weeks of detraining. 

This was not an unexpected result as previous studies have found no significant 

change in resting plasma GH and IGF-1 concentration after a period of aerobic 

training in young (119, 437), middle aged (573) and older men (544, 573). 

However cross-sectional studies have shown conflicting results. While some 

studies (219, 292, 446) have found no relationship between physical activity and 

resting plasma GH and IGF-1 concentrations others (236, 246, 517) have found 

higher resting plasma GH and IGF-1 concentrations in aerobically trained older 

men compared to their sedentary counterparts. The contrasting results of cross-
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sectional studies may be due to several confounding factors that can affect the 

GH/lGF-1 axis in older men. These confounding factors include dietary habits, 

health status, body composition, exercise programme and the concentration of 

other hormones (309, 519). Although we found no change in resting plasma GH or 

IGF-1 concentration after 16 weeks training, cross-sectional data indicates there 

may be some relationship between aerobic activity and the GH/lGF-1 axis but 

whether chronic aerobic training can increase the concentration of resting GH 

and/or IGF-1 in older men is yet to be determined. 

The present study found no significant change in plasma GH or IGF-1 

concentration in the aerobic training group immediately after 30 minutes of sub

maximum cycling before training, after 16 weeks training or after four weeks of 

detraining. Our results are in contrast to other studies which have found a 

significant increase in plasma GH and/or IGF-1 concentration immediately after a 

bout or aerobic training in young (133, 326, 411, 553, 554) and older men (552, 

573). Although the GH/IGF-1 axis response to aerobic exercise is decreased in 

older men (561), the increase in plasma GH/IGF-1 concentration is nevertheless 

significantly above pre-exercise levels. In contrast to these studies, we found no 

significant increase in plasma GH or IGF-1 concentration after 30 minutes of sub

maximum cycling in the aerobic training group. This was a surprising result as the 

final ten minutes of exercise in the present study (70% V0 2 peak) was above the 

proposed threshold (25% of the difference between the lactate threshold (L T) and 

V0 2 peak) required to elicit an increase in plasma GH concentration in older 

individuals (552). Recently Weltman et al. (2006) examined the GH response to 

five different exercise intensities above and below the lactate threshold (0.25L T, 

0.75LT, LT, 1.25LT, 1.75LT) in nine younger and seven older men. Plasma GH 

concentration increased in a linear manner with increasing exercise intensity. 

However, in older men, the plasma GH response during exercise was 

approximately four times lower than in younger men (552). Others (411,554) have 

also shown ihat there is a linear dose-response relationship between exercise 
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intensity and the plasma GH secretory response and that the increase in GH 

release above the lactate threshold is greater than below the lactate threshold. For 

the aerobically trained men of the present study the last ten minutes of exercise 

was at 70% V02 peak and above the lactate threshold as evident by the 

increased blood lactate concentration (see Figure 18.). The lack of significant 

change in plasma GH concentration during sUb-maximum exercise may have been 

due to a number of confounding factors. The health status, body composition and 

in particular, the age of the individual can influence the GH response to an aerobic 

exercise session (561). The men in the present study were older (70-80 yr) 

compared to the men of the other studies (42-70 yr) that have examined the GH 

response to aerobic exercise (552, 573). In older men (>70+ yrs) it has been 

suggested that it is possible that exercise may not result in a sufficient stimulus for 

GH release (554). Other factors that may influence the GH response to aerobic 

exercise include the concentration of other hormones (182), excessive 

somatostatin release and/or diminished growth hormone releasing hormone 

secretion (561). Furthermore the pulsatile nature of GH secretion and short half-life 

make a single measure, as used in the present study, difficult to assess changes in 

plasma GH concentration (10). Multiple blood samples taken at different time 

points after the sub-maximum exercise would have been preferred, however the 

costs associated with multiple blood samples was not feasible. To overcome these 

issues, plasma IGF-1 which has little diurnal variation is often used as an indicator 

of changes in the GHIIGF-1 axis (486). However we also found no significant 

change in plasma IGF-1 after 30 minutes of sUb-maximum cycling in the aerobic 

training group. This was not an unexpected result as a 12-hour minimum delay is 

reportedly necessary for plasma GH to induce significant increases in hepatic IGF-

1 production (296). Other studies have also failed to find an increase in post 

exercise plasma IGF-1 concentration after an aerobic exercise session (192, 269). 

In contrast to these findings resistance training studies have found significant 

increases in muscle tissue IGF-1 concentration in older individuals immediately 
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after a resistance training session (205, 477). We are unaware of any studies that 

have measured muscle tissue IGF-1 concentrations immediately following an 

aerobic training session in older individuals. However, Eliakim et al. (1997) did find 

an increase in muscle tissue IGF-1 concentration in response to an aerobic training 

session in rats without an increase in plasma IGF-1 concentration. Whether older 

men can increase their tissue IGF-1 concentration independent of plasma IGF-1 

concentration in response to an aerobic training session is yet to be determined. 

Testosterone 

Resistance training group 

The resistance training group had no significant change in resting plasma 

testosterone or free testosterone concentration after 16 weeks training or four 

weeks of detraining. Our results are similar to previous studies which have found 

no significant change in resting testosterone or free testosterone concentration 

after a period of resistance training in young (119, 437), middle aged (573) and 

older men (544, 573). An exception to these findings occurred in young weight 

lifters who, after training for over two years had a significant increase in resting 

testosterone concentration (202). These results suggest that elevated resting 

concentrations of testosterone may occur after prolonged periods (> 2 yrs) of high 

intensity resistance training. Presently we are unaware of any studies that have 

examined the resting testosterone concentration of long-term resistance trained 

older men. It must be noted that the control group in the present study had a 

significant (P< 0.05) increase in resting testosterone concentration and 

consequently free testosterone concentration after 16 weeks. Most of the men in 

the control group did not increase their resting testosterone concentration apart 

from one or two of the men, with one individual's resting testosterone concentration 

217 



10 nmol· L·1greater after 16 weeks. When the individual with the greatest increase 

in testosterone (10 nmol.L-1
) was removed from statistical analysis, there was no 

longer a significant difference in resting testosterone concentration. We are unsure 

what may have caused the increase in resting testosterone concentration of the 

two control subjects and unfortunately we did not test resting testosterone 

concentration after the four-week detraining period in the control group to 

determine if these changes were maintained. 

The resistance training group of the present study had a significant (P< 0.05) 

increase in plasma testosterone and free testosterone concentration but not SHBG 

concentration immediately after 30 minutes of sUb-maximum cycling before 

training, after 16 weeks training and after four weeks of detraining. There is 

conflicting evidence as to whether there is an increase in testosterone 

concentration immediately after resistance training in older individuals. Kraemer et 

al. (1999) and others (198, 203, 204) have reported significant elevations in 

testosterone and free testosterone concentration after a bout of resistance training 

whereas Craig et al. (1989) and Nicklas et al. (1995) found no change in post 

exercise testosterone concentration. These contrasting findings may be due to the 

exercise protocol used (amount of resistance, volume of training and the total 

amount of active muscle mass), which can affect the plasma testosterone 

response to a bout of resistance training (301). Furthermore the sensitivity of the 

assays used by the various studies to measure testosterone and free testosterone 

concentrations may influence the ability to detect small changes in plasma 

hormone concentration that may occur with exercise (107). While Kraemer et al. 

(1999) and others (198, 203, 204) measured plasma testosterone concentration 

immediately after a bout of resistance training, the present study measured plasma 

testosterone and free testosterone concentration after 30 minutes of sUb-maximum 

cycle exercise. Presently we are unaware of any other studies that have measured 

plasma testosterone and free testosterone concentration immediately after 30 

minutes of sub-maximum cycle exercise in resistance trained older men. 

I 
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The resistance training group displayed a significantly (P< 0.05) greater change in 

plasma testosterone and free testosterone concentration after 16 weeks of training 

compared to before training (Table 14). To date only one other study (299) has 

found an enhanced ability of older men to increase plasma testosterone 

concentration in response to an exercise stimulus after a period of resistance 

training. Kraemer et al. (1999) examined the change in plasma testosterone and 

free testosterone concentration in older men (62 ± 3 yr) after 10 weeks of 

periodized strength-power training (Monday, 3 sets at 3-5 RM with 2-3 min of rest 

between sets; Wednesday, 3 sets at 8-10 RM with 1 min of rest between sets; 

Friday, 3 sets of 6-8 repetitions performed in an explosive manner with 2-3 min of 

rest between sets). Blood samples were drawn from the antecubital vein pre

exercise, immediately post exercise, and 5, 15, and 30 min post exercise. After 10 

weeks training plasma testosterone concentration was significantly higher after 5 

and 30 minutes following a resistance training session, although free testosterone 

concentration did not significantly change. An increase in blood lactate 

concentration has been suggested as a possible mechanism resulting in increased 

testosterone production (324). Lactate is thought to influence the secretion of 

testosterone by increasing testicular cAMP production (325). However we had no 

significant difference in blood lactate concentration before and after 16 weeks 

training in the resistance trained men. Other proposed mechanisms that may have 

led to the increase in magnitude of testosterone production in the resistance 

trained men include enhanced LH production (364), an increase in adrenergic 

activity (101) or increased blood flow impacting testosterone release at the level of 

the testis (330). The increase in testosterone and in particular free testosterone 

found in the present study has important implications for older individuals. The 

higher free testosterone may indicate an improved "bioactivity status" in the blood 

of the resistance trained men. Higher free (but not total) testosterone levels have 

been associated with greater bone mineral density in men (369) and is inversely 

associated with fa! mass (3). Free testosterone concentration is also a significant 
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independent predictor of lean body mass and muscle strength (26). The transient 

increase (as no significant increase in baseline levels were found) in plasma 

testosterone and free testosterone concentration found in the present study may 

have enhanced the anabolic environment after exercise and be partly responsible 

for the significant (P< 0.05) increase in LLM and muscular strength after 16 weeks 

training in the resistance trained men. Testosterone has also been shown to playa 

significant role in developing Type II muscle fibres (150) increasing neuromuscular 

transmission and efficiency (38, 45) and improving cognitive function in older men 

(258). 

However after four weeks of detraining, plasma testosterone and free testosterone 

concentration measured immediately after 30 minutes of sUb-maximum cycle 

exercise was significantly lower than after 16 weeks training and had returned to 

pre-training concentrations. To date we are unaware of any other studies that have 

measured plasma testosterone and free testosterone concentration in response to 

cycle exercise after 16 weeks resistance training and after four weeks detraining in 

older men. The significantly lower plasma testosterone and free testosterone 

concentration in response to 30 minutes of sUb-maximum cycle exercise after the 

four weeks of detraining suggests that once the stimulus of resistance training had 

been removed, the ability of older men to increase plasma testosterone and free 

testosterone concentration in response to exercise had been reduced. The 

reduced plasma testosterone and free testosterone concentration immediately 

after exercise may partly explain the significant (P< 0.05) decrease in LLM and 

muscular strength of the resistance trained men after four weeks of detraining. 

220 



;J L 

Aerobic training group 

The aerobic training group had no significant change in resting plasma 

testosterone or free testosterone concentration after 16 weeks training or four 

weeks of detraining. Our results are similar to previous studies which have found 

no significant change in resting testosterone or free testosterone concentration 

after a period « 4 months) of aerobic training in young (424, 559), middle aged 

(238) and older men (544, 573). However, longer term (> 6 months) aerobic 

training has resulted in significantly lower resting plasma testosterone and free 

testosterone concentrations in previously sedentary men (557). Cross-sectional 

studies have also shown that resting plasma testosterone and free testosterone 

concentrations are lower in long-term (1-15 yr) aerobically trained men (186, 187, 

517). Hackney et al. (2003) compared resting plasma testosterone concentration 

and the testosterone response to gonadotrophin-releasing hormone (GnRH) in 

aerobically trained (running 95-140 kmwk·j for> 10 yrs) and sedentary men of a 

similar age (31 ± 1 yr). The aerobically trained men resting plasma testosterone 

concentration was approximately 40% lower than the sedentary men. Furthermore 

testosterone production in response to GnRH was significantly lower in the aerobic 

trained group compared to the sedentary group indicating that chronic aerobic 

training may effect the peripheral (i.e. testicle) production of testosterone (187). 

Other studies have also found decreased levels of prolactin without significant 

elevations in luteinizing hormone (LH), despite reduced testosterone concentration, 

suggesting that long-term aerobically trained men may have a defective 

hypothalmic-pituitary-testicular regulatory axis (184). 

The aerobic training group of the present study had a significant (p< 0.05) increase 

in plasma testosterone and free testosterone concentration but not SHBG 

concentration immediately after 30 minutes of sub-maximum cycling before 

training, after 16 weeks training and after four weeks of detraining. Other studies 

have also reported that a single bout of aerobic exercise induces an acute 
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elevation in plasma testosterone and free testosterone concentrations in young 

(128, 179, 526) and older men (185, 576). However, the increase in plasma 

testosterone and free testosterone concentration appears to be only transient 

returning to pre-training concentrations within approximately 30 minutes after the 

end of exercise (526, 576). Zmuda et al. (1996) examined the change in plasma 

testosterone concentration and free testosterone index before, immediately after 

and every 10 min for 4 hours after 60 minutes of cycle ergometry (60% V0 2 peak) 

in men aged 70 ± 4 yr. Plasma testosterone concentration increased by 39% and 

free testosterone index increased by 23% after 60 minutes of cycle ergometry but 

returned to pre-exercise concentrations within 30 minutes of finishing the exercise 

session. In untrained or moderately trained individuals, the intensity, duration and 

mode of aerobic exercise are important factors in determining the testosterone 

response to exercise (526, 527). Studies have shown that plasma testosterone 

concentrations in men participating in an aerobic event lasting up to 2-3 hours have 

an increased plasma testosterone concentration after which time the concentration 

of testosterone begins to decline below resting levels (179, 549). The significant 

(P< 0.05) increase in plasma testosterone concentration seen after the 30 minutes 

of sUb-maximum cycling in the present study may be due to hemoconcentration 

(576), a reduced metabolic clearance (403) and/or a hormone-mediated increase 

in testicular production (84) which may have led to the elevated testosterone levels 

with exercise. In a protocol similar to the present study (45 min @ 70% of V02 

peak) Fahrner et al. (1998) also found significant increases in plasma testosterone 

and free testosterone concentration without any change in SHBG concentration. 

An increase in free testosterone concentration without a change in SHBG 

concentration indicates that the change in free testosterone concentration was not 

due to a change in the binding affinity of SHBG. The authors reported a significant 

(P< 0.05) correlation between the increase in plasma free testosterone and plasma 

norepinephrine concentrations. They suggested that the increase in plasma free 

testosterone with sUb-maximum exercise was not associated with a change in 
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binding affinity of SHBG but the increased production of plasma testosterone may 

be mediated by sympathetic stimulation of the testicles (128). 

While the resistance trained men of the present study had a significantly greater 

increase in plasma testosterone and free testosterone concentration in response to 

30 minutes of sub-maximum cycle exercise after 16 weeks of training, this was not 

the case with the aerobic training group, despite both the resistance training and 

aerobic training groups sUb-maximum cycle exercise being at the same relative 

intensity (10 mins at 40 Watts, 50% and 70% of V02 peak). Our results suggest 

that the 16 weeks of resistance training but not the 16 weeks of aerobic training 

may have provided sufficient stimulus to significantly increase plasma testosterone 

and free testosterone concentration in response to 30 minutes of sub-maximum 

cycle exercise. The significantly greater increase in plasma testosterone and free 

testosterone concentration in the resistanco training group may have provided a 

greater anabolic environment which may, in part, have resulted in the significantly 

greater gains in LLM and muscular strength seen in the resistance trained group 

compared to the aerobic group. 

It is timely to review our Null Hypothoses in light of the results of the present 

investigation. 
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Review of Null Hypotheses 

In light of the results of the present study, the following decisions were taken 

regarding the Null Hypotheses: 

1. There are no siginificant changes in body composition in men aged 70 - 80 

yrs following sixteen weeks of resistance training and four weeks of 

detraining. Body composition includes: 

a. Body mass 

b. Percent body fat 

c. Abdominal fat 

d. Leg lean mass 

[REJECT] 

[REJECT) 

[REJECT] 

[REJECT] 

2. There are no siginificant changes in body composition in men aged 70 - 80 

yrs following sixteen weeks of aerobic training and four weeks of detraining. 

Body composition includes: 

a. Body mass 

b. Percent body fat 

c. Abdominal fat 

d. Leg lean mass 

[ACCEPT] 

[ACCEPT) 

[ACCEPT) 

[REJECT] 

3. There is no significant change in muscular strength in men aged 70 - 80 yrs 

following sixteen weeks of resistance training and after four weeks 

detraining. [REJECT) 

4. There is no significant change in muscular strength in men aged 70 - 80 yrs 

following sixteen weeks of aerobic training and after four weeks detraining. 

[REJECT) 
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5. There is no significant change in muscular power and the rate of force 

development in men aged 70 - 80 yrs following sixteen weeks of resistance 

training and after four weeks detraining. [REJECT] 

6. There is no significant change in muscular power and the rate of force 

development in men aged 70 - 80 yrs following sixteen weeks of aerobic 

training and after four weeks detraining. [REJECT] 

7. There is no significant change in peak oxygen consumption in men aged 70 

- 80 yrs following sixteen weeks of resistance training and after four weeks 

detraining. [REJECT] 

8. There is no significant change in peak oxygen consumption in men aged 70 

- 80 yrs following sixteen weeks of aerobic training and after four weeks 

detraining. [REJECT] 

9. There is no significant change in peak cardiac output in men aged 70 - 80 

yrs following sixteen weeks of resistance training and after four weeks 

detraining. [ACCEPT] 

10. There is a significant change in peak cardiac output in men aged 70 - 80 

yrs following sixteen weeks of aerobic training and after four weeks 

detraining. [ACCEPT] 

11. There is no significant change in selected cardiovascular and metabolic 

variables during sub-maximum exercise in men aged 70 - 80 yrs following 

sixteen weeks of resistance training. [REJECT] 
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12. Following four weeks of detraining there is no significant change in 

cardiovascular and metabolic variables during sub-maximum exercise in 

resistance trained men aged 70 - 80 yrs. [REJECT] 

13. There is no significant change in selected cardiovascular and metabolic 

variables during sub-maximum exercise in men aged 70 - 80 yrs following 

sixteen weeks of aerobic training. [REJECT] 

14. Following four weeks of detraining there is no significant change in 

cardiovascular and metabolic variables during SUb-maximum exercise in 

aerobically trained men aged 70 - 80 yrs. [REJECT] 

15. There is no significant change in resting anabolic hormones following 

sixteen weeks of resistance training and four weeks of detraining in men 

aged 70 - 80 yrs. Anabolic hormones include: 

a. Growth hormone 

b. Insulin-like growth factor-1 

c. Testosterone 

d. Free testosterone 

[ACCEPT] 

[ACCEPT] 

[ACCEPT] 

[ACCEPT] 

16. There is no significant change in anabolic hormones during sub-maximum 

exercise in men aged 70 - 80 yrs following sixteen weeks of resistance 

training and after four weeks of detraining. Anabolic hormones include: 

a. Growth hormone [ACCEPT] 

b. Insulin-like growth factor-1 [ACCEPT] 

c. Testosterone 

d. Free testosterone 

[REJECT] 

[REJECT] 
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17. There is no significant change in resting anabolic hormones following 

sixteen weeks of aerobic training and four weeks of detraining in men aged 

70 - 80 yrs. Anabolic hormones include: 

a. Growth hormone [ACCEPT] 

b. Insulin-like growth factor-1 [ACCEPT] 

c. Testosterone [ACCEPT] 

d. Free testosterone [ACCEPT] 

18. There is no significant change in anabolic hormones during sUb-maximum 

exercise in men aged 70 - 80 yrs following sixteen weeks of aerobic training 

and after four weeks of detraining. Anabolic hormones include: 

a. Growth hormone 

b. Insulin-like growth factor-1 

c. Testosterone 

d. Free testosterone 

[ACCEPT] 

[ACCEPT] 

[REJECT] 

[REJECT] 
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Conclusions 

The major findings of the present investigation are: 

1) Body composition 

• Resistance training - No significant differences in body mass, percent 

body fat and abdominal fat were found after sixteen weeks training and 

four weeks detraining. Leg lean mass (LLM) was significantly higher 

after 16 weeks training and declined significantly after four weeks 

detraining but remained significantly above pre-training values. 

• Aerobic training - A significant decrease in body mass, percent body fat 

and abdominal fat was found after sixteen weeks training. Percent body 

fat and abdominal fat returned to pre-training values after four weeks of 

detraining. LLM was significantly higher after 16 weeks training in the 

aerobic training group and after four weeks detraining LLM had returned 

to pre-training values. 

2) Muscular strength 

• Resistance training - A significant increase in muscular strength was 

found after 16 weeks training and declined significantly after four weeks 

detraining but remained significantly above pre-training values. The 

increase in muscular strength was significantly higher than the increase in 

muscular strength in the aerobic training group after 16 weeks training. 

• Aerobic training - A significant increase in muscular strength was found 

after 16 weeks training and muscular strength returned to pre-training 

values after four weeks detraining. 
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3) Muscular power and rate of force development (RFD) 

• Resistance training - Maximum bilateral isometric force (MBIF), force in 

500ms (Fsooms) and the rate of force development (RFD) were significantly 

higher after 16 weeks training. The increase in MBIF, F500ms and RFD in 

the resistance training group was significantly higher than the increase in 

MBIF, F500ms and RFD in the aerobic training group. After four weeks 

detraining, MBIF and F500ms remained significantly higher than pre-training 

values with the RFD returning to pre-training values. 

• Aerobic training - Maximum bilateral isometric force (MBIF) and force in 

500ms (F500ms) were significantly higher after 16 weeks training. Four 

weeks detraining, MBIF and F500ms returned to pre-training values. 

4) Peak oxygen consumption (,it02 peak) 

• Resistance training - A significant increae in V0 2 peak was found after 

16 weeks training with va 2 peak returning to pre-training values after 

four weeks of detraining. 

• Aerobic training - A significant increase in V02 peak was found after the 

16 weeks of training and declined significantly after four weeks detraining 

but remained significantly above pre-training values. The increase in 

V02 peak in the aerobic training group was significantly higher than the 

resistance training group after 16 weeks training. 

5) Peak cardiac output (peak 6) 

• Resistance training - No significant change in peak Q was found after 16 

weeks training or after four weeks detraining. 

• Aerobic training - A significant increase in peak Q was found after 16 

weeks training and remained significantly higher than pre-training values 

after four weeks detraining. 
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6) Cardiovascular variables during a sUb-maximum cycle test 

(i) 40 Watts 

• Resistance training - Heart rate, systolic blood pressure (SBP) and the 

rate-pressure-product (RRP) were significantly lower after 16 weeks 

training and remained significantly lower than pre-training values after 

four weeks detraining. Stroke volume was significantly higher after 16 

weeks training and four weeks detraining compared to pre-training 

values. 

• Aerobic training - Heart rate, SBP, RRP, mean arterial pressure (MAP) 

and total peripheral resistance (TPR) were significantly lower after 16 

weeks training and remained significantly lower than pre-training values 

after four weeks of detraining. Stroke volume was significantly higher 

after 16 weeks training and four weeks detraining compared to pre

training values. 

(Ii) 50% VO, peak 

• Resistance training - Heart rate was significantly lower after 16 weeks 

training and after four weeks detraining. There was no significant 

difference in stroke volume after 16 weeks training or after four weeks of 

detraining. 

• Aerobic training - Power was significantly higher after 16 weeks training 

but not significantly different than after four weeks detraining. Stroke 

volume was significantly higher after 16 weeks training and after four 

weeks detraining compared to pre-training values. Heart rate, SBP, DBP, 

MAP, RRP and TPR were significantly lower after 16 weeks training and 

after four weeks detraining. 
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(iii) 70% V02 peak 

• Resistance training - Power, oxygen consumption (V02) and arterio

venous oxygen difference (a-v02 dill) were significantly higher after 16 

weeks training compared to pre-training and after four weeks detraining. 

There were no significant differences in heart rate (HR) and stroke volume 

(SV) after 16 weeks of training or after four weeks detraining. Systolic blood 

pressure, MAP, RPP, and TPR were significantly lower after four weeks 

detraining compared to pre-training values. 

• Aerobic training - Power and V02 were significantly higher after 16 weeks 

training compared to pre-training and after four weeks of detraining. Stroke 

volume was significantly higher after 16 weeks training and after four weeks 

detraining. Diastolic blood pressure, MAP and TPR were significantly lower 

after 16 weeks training and after four weeks detraining. 

(iv) Plasma lactate concentration [La·] 

• Resistance training - There were no significant differences in plasma [La·] 

at rest, 40 Watts, 50% and 70% V02 peak and 15 minutes post exercise 

after16 weeks training and after four weeks detraining. 

• Aerobic training - Plasma [La·] was significantly lower at 40 Watts, 50% 

and 70% V02 peak and 15 minutes post exercise after16 weeks training 

and four weeks detraining. 

7) Anabolic hormones 

• Resistance training - There was no significant difference in resting 

testosterone and free testosterone concentrations after 16 weeks training 

and after four weeks of detraining. Testosterone and free testosterone 

concentrations were significantly higher post sub-maximum exercise 
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compared to pre-exercise values. The increase in testosterone and free 

testosterone concentrations post sub-maximum exercise were significantly 

higher after 16 weeks training. There were no significant differences in 

growth hormone (GH), insulin-like growth factor 1 (lGF-1) and sex-hormone 

binding globulin (SHBG) concentration at rest and after post sUb-maximum 

exercise after 16 weeks training and after four weeks detraining in the 

resistance training group. 

• Aerobic training - Testosterone and free testosterone concentrations were 

significantly higher post sub-maximum exercise compared to pre-exercise 

values. There were no significant differences in growth hormone (GH), 

insulin-like growth factor 1 (IGF-1) and sex-hormone binding globulin (SHBG) 

concentration at rest and post sub-maximum exercise after 16 weeks training 

and after four weeks detraining. 

In summary, this study has demonstrated that previously sedentary older men 

have the capacity to adapt to resistance and aerobic exercise and improve their 

functional capacity. The resistance training and aerobic training groups had 

significant changes in both the musculoskeletal and cardiovascular systems, 

although greater changes were found in those measures that were related to the 

specific training stimulus. Furthermore, short-term periods of detraining can lead to 

significant reductions in the functional capacity of older individuals. 

Our results provide new knowledge on the amplitude and rate of adaption of 

selected body systems when two different exercise stimulus (aerobic Iresistance 

training) are imposed on men aged 70-80 yrs for sixteen weeks and then 

withdrawn for four weeks. The discussion of our results and the results of others 

continues to support the importance of appropriately prescribed exercise for men 

aged 70-80 yrs and in particular the importance of appropriately prescribed 

resistance training. 
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ATTENTION: ARE YOU 

• A healthy male aged between 70 and 80 years. 

Willing to participate in an exercise program at 

Griffith University, Southport. 

Then Read On 

Griffith University, School of Physiotherapy and Exercise Science 

is currently undertaking an investigation into the effect of regular 

strength and aerobic training in men aged between 70 and 80 years. 

In this investigation you will receive a thorough medical 

examination, undertake a stress test with a medical practitioner 

present, find out your current level of fitness and participate in an 

exercise program 3 times per week. If you are interested contact 

Dale Lovell at Griffith University, Southport on 55948390. 
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GRIFFITH UNIVERSITY Gold Coast Campus 
School of Physiotherapy and Exercise Science 

PHYSICAL ACTIVITY 
READINESS QUESTIONNAIRE (PAR-Q) 

Please read the following questions carefully. If the answer to the question is 

YES, place YES inside the box. If the answer is NO, place NO inside the box. 

1. Do you suffer from any form of diabetes? 

2. Do you suffer from asthma? 

3. Has your doctor ever said you have heart trouble? 

4. Do you frequently suffer from pains in your chest? 

5. Do you often feel faint or have spells of severe dizziness? 

6. Has a doctor ever said your blood pressure was too high? 

7. Has a doctor ever told you that you have a bone or joint problem, 
such as arthritis, that has been aggravated by exercise, or might be 
made worse with exercise? 

8. Is there any good physical reason, not mentioned here, why you 
should not follow an activity program, even if you wanted to? 

9. Are you between the age of 70 and 80 years and not accustomed to 
vigorous exercise? 

D 
D 
D 
D 
D 
D 
D 

D 
D 

Signature of patient ..................................................... . Date / / 
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Participant Description 

Project title: The effect of aerobic and resistance training on the functional 
capacity of men aged 70-80 years. 

Purpose: 

(1) To investigate the effect of aerobic and resistance training on the 
cardiovascular characteristics of men aged 70-80 years. 

(2) To investigate the effect of aerobic and resistance training on strength and 
power in men aged 70-80 years. 

(3) To find the relationship among strength, power and cardiovascular 
characteristics on balance and functional capacity in men aged 70-80 years. 

(4) To investigate the effect of aerobic and resistance training on plasma 
testosterone and growth hormone concentrations in men aged 70-80 years. 

Duration of involvement: 

The period of training will be over 16 weeks in which the participants will be training 
three times a week. You will be required to attend a familarisation period of two 
weeks before the testing period in which you will be given a series of pre-tests and 
time to become familiar with the training equipment. At the end of the 16 weeks of 
training you will be required to attend post testing for the following week and again 
four weeks after the end of training. 

Pre and post test measures: 

You will be required to participate in the following: 

(1) Strength test - measured before and after the training study and every four 
weeks of the study. This involves using the maximum resistance that you can 
use through the full range of motion with good form one time only. 

(2) Oxygen consumption (V02 max.) - your fitness level will be measured on a 
cycle ergometer. This involves cycling at an increasing power output until 
fatigue causes you to stop. It is expected the cycling will take between eight to 
twelve minutes. While you are cycling we will be measuring your expired air. 

(3) Blood analysis -10ml of blood will be taken before and after the training study. 
This will be performed by a certified person and taken from the antecubital vein 
on the forearm. 

(4) Cardiac Output - requires the participant to cycle for 30 mins at three different 
sub-maximal intensities (50 watts, 50% of your maximum oxygen consumption 
and 70% of your maximum oxygen consumption). While cycling a low 
concentration of harmless gases (acetylene, helium, oxygen and nitrogen) will 
be breathed in and out for 10-12 seconds at each exercise intensity level. From 
this, cardiac output will be determined. Blood samples will also be taken during 
the different cycling intensities from a line in the antecubital vein 

239 



(5) Force development - participants will be required to push as hard as possible 
for a short duration against an immovable resistance (an isometric contraction). 
The test will take place in a position similar to initial chair rising stance and be 
for a duration of four seconds. 

Training equipment 

All progressive resistance training will take place on an incline squat machine. This 
machine comprises of a mobile body board that displaces on a track. Adding 
weight to the apparatus can modify the level of resistance. You will be required to 
squat from a standing position to where your knee is at an angle of 90° or your 
upper leg is horizontal to the foot platform (as below). You will be under direct 
supervision at all times during the training. All aerobic training will take place on a 
monarch stationary bike. 

Training groups 

Forty-three participants will be allocated into three different groups. Each group will 
undergo all measures mentioned above. The three groups are: 

(1) Control- no participation in training is required. This group serves as a baseline 
to be compared to the training groups. 

(2) Resistance training group - training will be three days a week consisting of 
seven repetitions (number of times a movement is performed) and three sets 
(groups of repetitions) at an intensity of 70% of 1 RM (as defined by the 
strength test). 

(3) Aerobic training group - training will be three days a week consisting of 30 
minutes of cycling at 70% of V02 max. 

• Participants should go about their normal daily activities and regular 
eating habits through out the training study. 
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GRIFFITH UNIVERSITY 

INFORMED CONSENT FORM 
(to be retained by the participant) 

Chief Investigator(s): 

Investigator 

School: Physiotherapy and Exercise Science 

Name(s): Professor Greg Gass 
Ph: 55948531 
Dr. Steven Morrison 
Ph: 55948917 

Dale Lovell (PhD Student) 
Ph: 55948390 I 55948237 

Project Title: The effect of aerobic and resistance training on the 
functional capacity of men aged 70-80 years 

Purpose: 

(1) To investigate the effect of aerobic and resistance training on the 
cardiovascular characteristics of men aged 70-80 years. 

(2) To investigate the effect of aerobic and resistance training on strength and 
power in men aged 70-80 years. 

(3) To find the relationship among strength, power and cardiovascular 
characteristics on balance and functional capacity in men aged 70-80 years. 

(4) To investigate the effect of aerobic and resistance training on plasma 
testosterone and growth hormone concentrations in men aged 70-80 years. 

Duration of involvement: 

The period of training will be over 16 weeks in which you will be training three 
times a week. You will be required to attend a familarisation period of two weeks 
before the testing period in which you will be given a series of pre-tests and time 
to become familiar with the training equipment. At the end of the 16 weeks of 
training you will be required to attend post testing for the following week and 
again four weeks after the end of training. 

Pre and post test measures: 

You will be required to participate in the following: 

(1) Strength test - measured before and after the training study and every four 
weeks of the study. This involves using the maximum resistance that you can 
use through the full range of motion with good form one time only. 
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(2) Oxygen consumption (V02 max.) - your fitness level will be measured on a 
cycle ergometer. This involves cycling at an increasing power output until 
fatigue causes you to stop. It is expected the cycling will take between eight 
to twelve minutes. While you are cycling we will be measuring your expired 
air. 

(3) Blood analysis - 10ml of blood will be taken before and after the training 
study. This will be performed by a certified person and taken from the 
antecubital vein on the forearm. 

(4) Cardiac Output - requires the participant to cycle for 30 mins at three 
different sub-maximal intensities (50 watts, 50% of your maximum oxygen 
consumption and 70% of your maximum oxygen consumption). While cycling 
a low concentration of harmless gases (acetylene, helium, oxygen and 
nitrogen) will be breathed in and out for 10-12 seconds at each exercise 
intensity level. From this, cardiac output will be determined. Blood samples 
will also be taken during the different cycling intensities from a line in the 
antecubital vein 

(5) Force development - participants will be required to push as hard as possible 
for a short duration against an immovable resistance (an isometric 
contraction). The test will take place in a position similar to initial chair rising 
stance and be for a duration of four seconds. 

(6) Body composition - participants will be required to lie down on a flat surface 
for five minutes and a scanner will pass over your body. This is similar to an 
x-ray but with less radiation. 

Training equipment 

All progressive resistance training will take place on an incline squat machine. 
This machine comprises of a mobile body board that displaces on a track. Adding 
weight to the apparatus can modify the level of resistance. You will be required to 
squat from a standing position to where your knee is at an angle of 90° or your 
upper leg is horizontal to the foot platform (as below). You will be under direct 
supervision at all times during the training. All aerobic training will take place on a 
monarch stationary bike. 
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Training groups 

Forty-three participants will be allocated into three different groups. Each group 
will undergo all measures mentioned above. The three groups are: 

(1) Control - no participation in training is required. This group serves as a 
baseline to be compared to the training groups. 

(2) Resistance training group - training will be three days a week consisting of 
seven repetitions (number of times a movement is performed) and three sets 
(groups of repetitions) at an intensity of 70% of 1 RM (as defined by the 
strength test). 

(3) Aerobic training group - training will be three days a week consisting of 30 
minutes of cyciing at 70% of V02 max. 

• Participants should go about their normal daily activities and regular 
eating habits through out the training study. 

Benefits to the participant 

As a participant you will be given a thorough medical examination before the 
training period and a report on your current health status made available to you. 
At the end of the training period you will be given a report on the health benefits 
gained from the 16 weeks of training. Advice will be given to those participants 
who wish to continue with an exercise program. The investigator will supervise all 
training sessions to ensure safety and the correct training procedures are 
followed. 

Complaints regarding the research project 

If you have any complaints concerning the manner in which the project "The 
effect of aerobic and resistance training on the functional capacity of men aged 
70-80 years" is conducted you may contact the chief investigators on the above 
telephone numbers. If you require an independent person you may contact either 
of the following: 

the University's Research Ethics Officer, Office for Research, Bray Centre, 
Griffith University, Kessels Road, Nathan, Qld 4111, telephone (07) 3875 6618 
or; 

the Pro Vice-Chancellor (Administration), Bray Centre, Griffith University, Kessels 
Road, Nathan, Qld 4111, telephone (07) 3875 7343 
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INFORMED CONSENT FORM 
(to be retained by the investigators) 

Chief Investigator(s): Name(s): Professor Greg Gass I Dale Lovell 
Faculty: Health Science 
Contact number(s): 55948390 

Project Title: The effect of aerobic and resistance training on the 
functional capacity of men aged 70-80 years. 

(I) I have read the subject information sheet for the experiment "The effect of 
aerobic and resistance training on the functional capacity of men aged 70-
80 years." and clearly understand the content, and what is being asked of 
me as a volunteer in the experiment. 

(II) I understand the risks involved in my participation in the experiment "The 
effect of aerobic and resistance training on the functional capacity of men 
aged 70-80 years." 

(III) I have been told and accept the likely benefits of my participation in the 
experiment "The effect of aerobic and resistance training on the functional 
capacity of men aged 70-80 years." 

(IV) I have had the opportunity to ask questions about the experiment "The 
effect of aerobic and resistance training on the functional capacity of men 
aged 70-80 years." and questions I have asked have been answered to my 
satisfaction. 

(V) I understand that my records will be handled in a confidential manner and 
that any reporting of my personal results will be anonymous or included 
together with the results of other participants. 

(VI) I clearly understand what is being asked of me, I understand the risks and 
benefits of my participation in the experiment "The effect of aerobic and 
resistance training on the functional capacity of men aged 70-80 years." 
and I agree to participate as a volunteer. 

(VII) I understand that I can withdraw from the experiment "The effect of 
aerobic and resistance training on the functional capacity of men aged 70-
80 years." at any time without penalty or guilt or aggravation from the 
investigators. 
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(VIII) I understand that I will receive regular feedback on my performance in the 
experiment "The effect of aerobic and resistance training on the functional 
capacity of men aged 70-80 years," 

(IX) I agree to volunteer and participate in the experiment "The effect of 
aerobic and resistance training on the functional capacity of men aged 70-
80 years," 

(X) I agree to participate in "The effect of aerobic and resistance training on 
the functional capacity of men aged 70-80 years" project and give my 
consent freely, I understand that the project will be carried out as 
described in the information statement, a copy of which I have retained. I 
realise that whether or not I decide to participate is my decision and will not 
affect my continued involvement. I also realise that I can withdraw from the 
project at any time and that I do not have to give any reasons for 
withdrawing. I have had all questions answered to my satisfaction. 

Signatures: 
Investigator(s) Date 

Participant Date 
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Medical History Questionnaire 

Name: _______________ ___ 

Address: _____________ _ 

Phone: ( 

Phone: ( 

Age: 

DOB: 

(W) 

(H) 

Please read Ihe following questions very carefully. If you 
have any difficulty please adYise the medical pracllfioner. 

I. Family History. Indicate ifany of your immediate 
family (parents, brothers. sisters, grandparents) have 
experienced any ofthe following, the age at which 
diagnosis occUITed, and the person's relationship to you. 

Relationship & Age 
High Blood Pressure ___________ _ 

High ChoJestero) ______________ _ 

Heart Disease ________ '-___ _ 

Stroke _____________ _ 

Diabeles ____________ _ 

Cancer _________________ _ 

2. Personal Medical Hutory. Indicate symptoms that 
apply to you. 

o Pain or discomfon in chest following exercise. ealing or 
exposure to cold 

o Frequent heart palpitations or flutter 
o Pain in lower lungs when walking or climbing stairs 
o Unusual shortness of breath 
o Very poor exercise tolerance 
o frequent dizziness 
o Chronic cough 
o frequent colds or flu 
o frequent headaches 
[] frequent aches or pains in joints 
[] Frequentbackache 
o Other current symptoms that exercise may affect 

3. Are you presenlly experiencing, or have you ever been 
treated by a doctor for any of the following? 

Allergies: Hayfever. Eczema. Other rashes. 
o Yes 
o No 
Detall' ______________ _ 

4. Lung Problems 
(AsthmalEmphysemaIBronchilislShortness of 
Brealh/Olher) 

o Yes 
o No 
Delail' _______________ _ 

S. Heart Problems (Rheumatic fever/Chest 
PainslPalpllationslAnkle SwellingfOther) 

o Yes 
o No 
Delail' _____________ _ 

6. Blood Pressure Problems 
o Ye, 
o No 
De.aib _____________ _ 

7. Cholesterol Problems 
o Ye, 
o No 
De.all, ______________ _ 

8. Gut Problems (Ulcer/Abdominal 
PalnfDiarrahoea/ConstipationlHemiafOlher) 

o Yes 
o No 
D'.all' ______________ _ 

9. UnexplaIned Weight Loss 
o Ye, 
o No 
De.all, ______________ _ 

10. Urinary Problems (Burning/Difficulty with control of 
urine) 

o Yes 
o No 
Delail' _______________ _ 

II. Blood Loss (In vomiVSputumiBowel Ac.lon/Urine) 
o Ye, 
o No 
Delall' ______________ _ 
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12. Easy Bruising 
eYes 
,. No 
Delails ______________ _ 

13. Endocrine Problems (DiabetesfThyroidlOther) 
c: Ves 

= No Delails _______________ _ 

14. Flttlng~ Fainting. Blackouts. Loss or consciousness, 
Muscle Weakness, Loss of Sensation. 

o Ves 
o No 
Dctails _______________ _ 

15. Headaches 
LJ Yes 
o No 
Details _______________ _ 

16. Sight or Hcarlng Problems 
o Ves 
o No 
Details _______________ _ 

11. Nervous Conditions 
o Ves 
o No 
Dctails ______________ _ 

18. Bone or Joint Injury 
(BacklKneel AnkIe1H i plShou Iders) 

o Ves 
o No 
Details _______________ _ 

19. Olher Joint Problems 
o Ves 
o No 
Details _______________ _ 

20. Work Related Injuries 
o Ves 
o No 
Details _______________ _ 

21. Are you exposed to 8 noisy/or dusty environment? 
o Ves 
o No 
Det,lIs ______________ _ 

22. How onen do you take over the counter medications 
such as aspirin, etc? 

o Dally 
o Weekly 
o Occasionally 
o Never 

23. Medication. Are you taking any medication prescribed 
by your Dottor or other Health Care provider? If50,1151 
details. ie. type of drugs, dosage 

24. Sleeping Patterns. How many hours do you sleep on 
average per night? 
____ Hours 

25. Do you ever have trouble failing asleep? 
o Ves 
o No 
o Occasionally 

26. Smoking Status 
o Never smoked 
o Quit smoking more than 10 years 
o Quit smoking less than 10 years 
o Currently smoke (number oryears __ _ 

27. If currently smOking, how many clgareUes do you 
currently smoke per day? 

28. Physl~al Activity. How many times per week do you 
exercise for at least 20·30 minutes continuously? 

o Do not have a regu lar program 
o Once per week 
o 2· 3 times per week, 
o 4- S times per week 
o more than 5 times per week 

29. Alcohol Consumption. In the past two weeks list how 
many days you conswned an alcoholic beverage. 

o Did not drink in the past 6 months 
o Did not drink in the past two weeks 
o 1-2days 
o 3-4days 
o S-7days 
o 8-IOd,ys 
o 1\. 14 days 

30. In the past two weeks list how many drinks on average 
you had per day_ 

o Did not drink in the past 6 months 
o Did not drink in the past two weeks 
o I drink 
o 2-3 drinks 
o 4-6 drinks 
o 7 or more drinks 
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