
ADDIS ABABA UNIVERSITY 

SCHOOL OF GRADUATE STUDIES 

 

 

 

A STUDY OF THE CORRELATION OF MIDDLE 
DISTANCE ATHLETICS PERFORMANCE 

WITH CARDIOPULMONARY FUNCTIONS 
AND SKINFOLD THICKNESS 

                              
 

 

 

A Thesis Submitted to the School of Graduate Studies of Addis Ababa 

University in Partial Fulfillment of the Requirements for the Degree of 

Master of Science in Medical Physiology 

 

 

Hailu Kinfu 

June 2008, Addis Ababa 

 
 
 
 
 



Acknowledgements  
 
I would like to acknowledge and extend my heartfelt gratitude to the following 

persons who have made the completion of this thesis possible 

 

This thesis could not have been written without my advisor Professor Yekoye 

Abebe, who not only served as my supervisor, but also encouraged me throughout 

my academic carrier. He was always there to listen, advice, proofread and mark up 

my paper. He showed me different ways to approach a research problem and the 

need to be persistent to accomplish any goal.  

 

A special thank goes to my co-advisor, Dr. Ayalew Tilahun, who was most 

responsible for helping me in basic laboratory measurement technique. He has been 

a friend and mentor. He also made the National Olympic Gymnasium and National 

Sport Health Center Laboratory a wonderful workplace to me by indulging my ever 

expanding equipment needs. I also wish to thank the technicians at the Gymnasium 

for their assistance and all participants who volunteered in my research study. 

 

I am also very much grateful to Professor Yoseph Assen Mengesha, who dedicated 

his precious time for commenting on the manuscript of my thesis. 

 

I also wish to thank the Research and Publication office, Addis Ababa University 

for the financial assistance, and University of Hawassa for covering my living 

expense throughout the study period. 

 

Last, but not least, I thank my family for giving me unconditional support and 

encouragement to pursue my education, for listening to my complaints and 

frustrations, and for believing in me.  

 

 

 



Table of Contents 

P

age 

Acronyms

....................................................................................................................................i

v 

List of Tables ............................................................................................................v 

List of Figures 

....................................................................................................................................v

i 

Abstract

....................................................................................................................................v

ii 

1. Introduction............................................................................................................1 

1.1. Maximal Oxygen Consumption..............................................................1 

1.1.1. Limiting Factors of VO2max ...................................................4 

            1.1.1.1. Cardiac Output ..........................................................4 

            1. 1.1.2. Pulmonary Function.................................................5 

            1.1.1.3. Cellular Metabolism..................................................5 

            1.1.1.4. Age............................................................................6 

 

1.2. Pulmonary Functions ..............................................................................6 

 

1.3. Body Composition 

....................................................................................................................................1

1 

1.3.1. Standards of Body Fat 

........................................................................................................................1

2 



1.3.2. Assessing Body Composition 

........................................................................................................................1

2 

1.3.2.1. Hydrostatic Weighing 

............................................................................................................1

3 

1.3.2.2. Bioelectrical Impedance Analysis 

............................................................................................................1

3 

1.3.2.3. Skinfold Method 

............................................................................................................1

4 

1.3.3. Accuracy of Skinfold Measurement 

........................................................................................................................1

4 

1.3.4. Skinfold Thicknesses and Running Performance 

........................................................................................................................1

5 

 

1.4. Heart Rate 

........................................................................................................................1

7 

1.4.1. The Importance of Maximal Heart Rate 

........................................................................................................................1

7 

1.4.2. Heart Rate Variability and Baroreceptor Responsiveness 

........................................................................................................................1

8 

2. Significance of the Study 

....................................................................................................................................2

0 



 

 

3. Objectives of the Study 

....................................................................................................................................2

1 

3.1. General Objective

....................................................................................................................................2

1 

3.2. Specific Objectives 

..............................................................................................................................2

1 

 

4. Subjects and Methods 

....................................................................................................................................2

2 

4.1. Study Design 

....................................................................................................................................2

2 

4.2. Study Setting

....................................................................................................................................2

2 

4.3. Study Subjects 

....................................................................................................................................2

2 

4.4. Procedures 

....................................................................................................................................2

3  

4.4.1. Determination of Vo2max 

........................................................................................................................2

3 



4.4.2. Determination of Pulmonary Variables 

........................................................................................................................2

4 

4.4.3. Determination of Body Fat Composition 

........................................................................................................................2

5 

 

5. Statistical Analysis 

....................................................................................................................................2

6 

6. Ethical Consideration 

....................................................................................................................................2

6 

7. Results

....................................................................................................................................2

7 

7.1. Anthropometric Measurements

....................................................................................................................................2

7 

7.2. Skinfold Thickness Measurements

....................................................................................................................................2

9 

7.3. Heart Rate

....................................................................................................................................3

2 

7.4. Measurement of Maximal O2 uptake

....................................................................................................................................3

5 

7.5. Pulmonary Function Measurements

....................................................................................................................................3

6 



8. Discussion 

....................................................................................................................................3

9 

             8.1. Skinfold

....................................................................................................................................3

9 

             8.2. Heart rate 

....................................................................................................................................4

1 

             8.3. Maximum Oxygen Uptake

....................................................................................................................................4

2 

             8.4. Pulmonary functions

....................................................................................................................................4

3 

9. Conclusions and Recommendations 

....................................................................................................................................4

6 

10. References

....................................................................................................................................4

8 

Annex I: Informed Consent Form

....................................................................................................................................5

7 

Annex II: Questionnaire and Format Design for Data Collection 

....................................................................................................................................6

1 

Annex III: IAAF scoring Table for male 1500 meter runners

....................................................................................................................................6

4 

Acronyms 



 

AAU-FM Addis Ababa University, Faculty of Medicine 

ACSM  American College of Sports Medicine  

ATP  Adenosine Tri-phosphate 

BIA   Bioelectrical Impedance Analysis 

BMI  Body Mass Index 

BMR   Basal Metabolic Rate 

CV  Coefficient of variation  

ECG  Electrocardiogram 

FEV1  Forced expiratory volume during the 1st second  

FEV1 %   FEV1 % of forced vital capacity 

FRC  Functional Residual Capacity 

FVC  Forced expiratory Vital Capacity  

HR  Heart Rate 

HRmax  Maximum Heart Rate  

HRR   Heart Rate Reserve  

IAAF   International Amateur Athletic Federation  

LVD  Left Ventricular Diameter  

LBM  Lean Body Mass  

MEF25  Maximum Expiratory Flow at 25% of maximal VC  

MEF50  Maximum Expiratory Flow at 50% of maximal VC  

MEF75  Maximum Expiratory Flow at 75% of maximal VC 

MMEF  Maximum Mid Expiratory Flow between 25% and 75% of FVC,  

PEF  Peak Expiratory Flow 

PIF  Peak Inspiratory Flow 

PImax   Maximum inspiratory pressure  

RV  Residual Volume  

TLC  Total Lung Capacity 

TV  Tidal Volume 

VO2max Maximum Oxygen Uptake 

VO2peak Peak Aerobic Power 



VC  Vital Capacity 

 
 
 
List of Tables 
 
Tables  
 

1. Physical characteristics and performance of male and female runners (page 

27) 

2. The International Classification of adult underweight, overweight and 

obesity according to BMI (page 28) 

3. Descriptive statistics of skinfolds measurement of the male and female 

athletes (page 29) 

4. Association between skinfold values, sum of skinfolds and IAAF scoring in 

male and female athletes (page 30) 

5. Descriptive Statistics of heart rate at different level of treadmill testing for 

male and female athletes (page 32) 

6. Pearson Correlation between heart rate and IAAF scoring for male and 

female athletes (page 33) 

7. Descriptive Statistics of maximum aerobic capacity (page 35) 

8. Pearson Correlation between maximum aerobic capacity and IAAF scoring 

(page 35) 

9. Descriptive Statistics of Pulmonary parameters (page 37) 

10. Pearson Correlation between Pulmonary parameters and IAAF scoring 

(page 38) 

 
 
 
 

 

 

 



 

List of Figures 
 

Figure 1 -  Association between sum of four skinfold measurements and 

running performance in male and female athletes (page 31) 

 

Figure 2 -  The relationship between sub-maximal heart rate and IAAF scoring 

for each subject in male and female athletes (page 34) 

 

Figure 3 - Values of VO2max as a function of IAAF scores for each individual 

in male and female runners (page 36) 

 

 

 
 
 
 
 
 
 

 

 

 

 

 

 

 

 



 

Abstract  
Important test components for performance evaluation, including assessment of 
body composition, maximum aerobic capacity, heart rate and pulmonary function 
evaluation are worth considering. The purpose of this study was to assess the 
influence of Skinfold thickness and some selected cardiopulmonary parameters in 
middle distance running performance. Twenty top-class middle distance runners (10 
males, with Age = 18-26, Weight = 52-68kg, Height = 165-183cm, BMI (kg/m2) = 
17.63-20.90; and 10 females with Age = 18-26, Weight = 41-57kg, Height = 157-
178cm, BMI (kg/m2) = 14.53-19.99) from Ethiopian Athletics Federation 
volunteered to participate in the study. Skinfolds were measured at biceps, triceps, 
sub-scapular and supra-iliac regions. Vital capacity (VC), Forced expiratory vital 
capacity (FVC), Forced expiratory volume in the first second (FEV1), FEV1 %, 
Peak expiratory flow (PEF), Maximum expiratory flow at 25% of maximal VC 
(MEF25), Maximum expiratory flow at 50% of maximal VC (MEF50), Maximum 
expiratory flow at 75% of maximal VC (MEF75), Maximum mid expiratory flow 
between 25% and 75% of FVC (MMEF), Peak Inspiratory Flow (PIF) and Peak 
Expiratory Flow (PEF) were measured by Spirometer. The maximal rate of oxygen 
consumption (VO2max) was determined using a continuous, incremental exercise 
protocol conducted on an electronically braked treadmill. Cardiotester belt was used 
to measure heart rate at different level of treadmill testing. Correlation analyses 
were applied to each variables and run time (performance). Performance was rated 
by the scoring procedures of the International Amateur Athletic Federation (IAAF). 
In male athletes, significant negative correlations were observed between skinfold 
measurement at sub-scapular (r = 0.676, and P = 0.046), and supra-iliac (r = 0.798, 
P = 0.01) and IAAF score. High negative correlation were found between sum of 
four skinfold measures and IAAF score (r = 0.800, P = 0.010). In the female 
athletes, high negative correlations were found between skinfolds measurement at 
sub-scapular (r = -0.639, P = 0.047), supra-iliac (r = -0.751, P = 0.012), sum of four 
skinfolds measurement (r = -0.778, P = 0.008), body fat percentage (r = -0.840, P = 
0.002) and IAAF score.  
There was a negative significant correlation between IAAF score and Percent Sub 
Maximum Heart Rate (%HRmax) at 0.01 level of significance (r = -0.843 in female 
and r = -0.865 in male) runners. VO2max (measured as ml/min/kg) was positively 
correlated with IAAF score in male and female runners (r = 0.805, P = 0.003) (r = 
0.859, P = 0.001). IAAF score was positively correlated (p<0.05) in the male 
athletes with the following variables: VC (r = 0.65), FVC (r = 0.70), and FEV1 (r = 
0.63).  In female athletes IAAF score was also positively correlated with VC (r = 
0.66), FVC (r = 0.85) and FEV1 (r = 0.80).  
Results of this study suggested that lower skinfold thicknesses and sub maximal 
heart rate were correlated with faster race time; higher lung volume and VO2max 
are associated with faster run time. 
 



Key words: Pulmonary profiles, skinfold thickness, Heart Rate, maximum oxygen 
uptake, performance, IAAF scoring. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
1. INTRODUCTION 
The athletes of today, whether recreational or elite, run and swim faster, throw 

farther, and jump higher than their competitors from the past. These improvements 

have been attributed to several factors including better nutrition, a greater 

understanding of biomechanics of sport movement, better training techniques, 

advances in psychological support, and improvements in coaching education 

(Coyle, 1995). 

 

Continuing efforts to extend laboratory research into the sport-specific field setting 

have resulted in the identification of several variables deemed necessary for 

successful performance in several sports (Schabort et al., 2000). To be competitive, 

the key is to select tests that provide information specific to the particular sport, 

position, or event. Coaches should consider important test components including 

Maximal Oxygen Consumption (maximum aerobic capacity), body composition 

assessment, resting heart rate, heart rate during maximum exercise, pulmonary 

function evaluation, nutritional analysis, and total blood chemistry as adjuncts to the 

training regimen and weight room assessment (Muller et al., 2000). 

 

1.1. Maximal Oxygen Consumption (VO2max) 
The major components of physical fitness are cardiorespiratory endurance, 

muscular strength and endurance, flexibility, and body composition (Bassett & 

Boulay, 2000). These components provide a basis to predict the body’s ability to 

sustain intense exercise. A measure of cardiorespiratory endurance, simply called 

aerobic fitness, is often used as an indicator of overall physical fitness. It is well 

documented that a good measure of aerobic fitness is the extent to which the body is 

able to take up and use oxygen (Mitchell & Blomquist, 1971). That is, aerobically 

fit individuals have higher cardiorespiratory and muscular endurance allowing them 

to deliver and offload oxygen to the skeletal muscle more efficiently as compared to 

individuals that are less aerobically fit. 

 



When a person is subjected to increasing aerobic workloads, oxygen uptake will 

increase until a maximum quantity of oxygen uptake is reached. When the 

maximum oxygen uptake is reached, workload may be increased, but oxygen 

uptake will not increase beyond this point (Mitchell & Blomquist, 1971). This point 

is called the maximal oxygen uptake, or VO2max. VO2max is generally considered 

the best measure of aerobic fitness (Glassford et al., 1965). 

 

VO2max varies due to physiological differences between people in age, body size 

and gender. That is, VO2max tends to decrease as age increases (Wilson & Tanaka, 

2000), and women tend to have lower VO2max than men. Also, oxygen uptake 

tends to increase in proportion to body size because more energy and therefore 

oxygen is required to move a larger individual (Mitchell & Blomquist, 1971). 

VO2max is most commonly expressed as milliliters of oxygen (O2) consumed per 

kilogram (kg) of body weight per minute, ml/kg/min (Mitchell & Blomquist, 1971). 

Expressing VO2max as ml/kg/min normalizes the data for body weight and enables 

VO2max measurements to be comparable among people of different body sizes. 

 

Heart rate (HR) is used to estimate VO2max. Therefore, anything that affects HR 

would affect the results of a submaximal test. Numerous factors such as drugs, 

caffeine, eating, nicotine, amount of sleep, time of day, room temperature and 

humidity, and anxiety can alter HR. Caffeine increases, while nicotine decreases the 

HR response to exercise. Therefore, caffeine would tend to underestimate VO2max 

and nicotine could overestimate VO2max (Jackson & Ross, 1996). Direct 

measurement of VO2max requires expensive equipment, and considerable time, 

indirect methods of estimating VO2max are often used to assess aerobic fitness.  

Many of these tests measure heart rate during exercise and rely on a linear 

relationship between heart rate and oxygen consumption to estimate VO2max  

(Astrand & Rhyming, 1954). 

 

VO2max is generally accepted to be the best indicator of endurance performance 

capacity (O'Toole and Douglas 1995; Sleivert and Rowlands 1996; Weltman et al. 



1990). Consequently, this variable is frequently used to determine training 

intensities in numerous endurance sports. VO2max is assumed to be highly 

dependent upon the mode of testing, with the highest values normally attained 

during treadmill running. 

Therefore, to optimize the effectiveness of a training program, training activities 

need some specificity with regard to mode, duration and intensity (Kohrt et al. 

1987). Training effects also appear to be specific to the mode of training used by an 

athlete; therefore differences between testing modes vary with training (Sharkey 

1988). Because of this specific adaptation, runners are generally tested on a 

treadmill, and cyclists on a cycle ergometer. 

 

The running speed associated with maximal O2 uptake (VO2max) and the time for 

which this speed can be maintained have been identified as training indices that 

may be used to achieve gains in performance (James and Doust 2000). Indeed, 

studies have now shown that increasing the time spent running at VO2max through 

interval training may lead to substantial improvements in performance (Billat et al., 

2001). 

 

Mechanisms believed to be responsible for the performance improvement 

associated with training at VO2max are a reduction in oxygen deficit with less 

anaerobic contribution at the onset of exercise, an improvement in critical power or 

increases in ventilatory and lactate thresholds (Poole and Gaesser 1985). Indeed, a 

recent study showed that running speed at the lactate threshold was highly 

correlated with the improvement in running performance following a high-intensity 

training program (Billat et al. 2002). 

 

In the 1950s, 1960s, and 1970s, classic studies were performed on the physiological 

determinants of VO2max and on its key role in endurance performance (Farrell, et 

al., 1979). During this time there was much debate on O2 delivery versus O2 

extraction as the “limiting factor” for VO2max (Saltin & Strange 1992). 

Observations during this era clearly established the role of maximal cardiac output 



as a determinant of VO2max, and very high maximal cardiac output values were 

seen in champion endurance athletes. In addition, the important role of blood 

volume and total body hemoglobin as determinants of VO2max also emerged.  

 

In an effort to better understand the physiological determinants of VO2max, studies 

were then conducted that attempted to manipulate O2 delivery using a variety of 

approaches including altered concentrations of inspired O2, drugs that speed or slow 

the heart, and, as discussed here, techniques that altered total body hemoglobin and 

hemoglobin concentration (Ekblom et al., 1976). In general, by the 1970s it was 

clear that manoeuvres that increased total body hemoglobin increased VO2max and 

vice versa. These changes in VO2max appeared to be somewhat independent of 

total blood volume because volume loading per se had little impact on VO2max, 

and likewise manoeuvres that cause haemoconcentration did not increase VO2max. 

Therefore, the importance of total body hemoglobin as a primary determinant of 

VO2max was emphasized (Kanstrup and Ekblom, 1984). In parallel with these 

mechanistic studies on the determinants of VO2max, applied observations on 

athletic performance and the role of VO2max, lactate threshold, and running 

economy emerged (Farrell et al., 1979). As VO2max was seen as a key determinant 

of performance, the next obvious question was whether or not manoeuvres that 

increased total body hemoglobin and VO2max would also increase performance. A 

number of studies confirming the positive impact of increased total body 

hemoglobin on performance were then conducted. In addition; a variety of rumors 

and innuendo suggested that at least some endurance athletes were using this 

technique in an effort to gain a competitive advantage in international competition 

(Joyner, 2002). 

 

The limiting factor of maximal oxygen consumption (VO2max) has been a source 

of debate for many years. Proposed limiting factors include cardiac output, 

pulmonary ventilation, lung diffusion, and oxygen utilization (Warren & Cureton, 

1989). 

 



1.1.1. Limiting Factor of VO2max 
 

1.1.1.1. Cardiac Output: 

Researchers sometimes increase the supply of oxygen to the working muscle to 

determine if oxygen supply or utilization is the limiting factor of maximal oxygen 

consumption. If maximal oxygen consumption does not change, it implies that the 

ability of the tissues to utilize oxygen is the limiting factor. On the other hand, if 

VO2max increases with artificial increase in O2 to the muscles, cardiac output 

probably is the limiting factor. Considerable evidence suggests that cardiac output 

is the limiting factor for maximal aerobic capacity (Warren & Cureton, 1989). 

VO2max is increased if the rate of oxygen supply to the muscle is increased through 

induced erythrocythemia (blood doping) or breathing 100 percent oxygen during 

exercise (Warren & Cureton, 1989).  

 

1.1.1.2. Pulmonary function:  

Many exercisers use expressions that imply breathing limits for performance. There 

is little evidence that pulmonary function limits aerobic capacity at sea level in 

healthy people. Arterial oxygen content at maximal exercise is the same as at rest in 

most people. Also, maximum voluntary ventilation is much greater than maximum 

exercise ventilation (Dempsy, et al., 1981). Maximum voluntary ventilation is a test 

that measures the ventilatory capacity of the lungs. The lungs have a very large 

reserve that enables them to meet most of the body's requirements for gas exchange 

and acid-base balance during heavy exercise (Dempsy, et al., 1981).  

 

Dempsy, et al. (1984) presented evidence that the lungs may be limiting in some 

elite male endurance athletes. No such evidence has been presented for elite female 

athletes. In their subjects, PaO2 dropped as low as 65 mmHg. There was a 

significant widening in the difference between oxygen partial pressures in the 

alveoli and arteries. They hypothesized there was a diffusion limitation as well as 

increased airway impedance at high levels of ventilation in these athletes. 

 



1.1.1.3. Cellular metabolism:  

Other researchers have argued that oxygen supply does not limit either VO2max or 

endurance. Rather, the limiting factors are biochemical (Gayeski et al., 1987). 

Suggested limiting factors decrease the rate and force of myofibrillar cross-bridge 

cycle activity. Contributing factors may be failure of calcium transport mechanisms 

or decreased myofibrillar ATPase activity. The critical mitochondrial PO2 is 

thought to be 1 mm Hg (i.e., PO2 necessary for diffusion into the mitochondria) 

(Gayeski et al., 1987). Indirect estimates of mitochondrial PO2 during maximal 

exercise suggest that it is above the critical level. Mitochondrial oxygen availability 

is estimated from its redox state. This is the ratio of NAD+ to NADH, which is 

partially controlled by oxygen availability. Mitochondrial PO2 is also estimated 

from myoglobin-associated PO2 (Green and Patla, 1992). 

 
1.1.1.4. Age:  

Maximal oxygen uptake (VO2max) has been reported to decrease by about 10% per 

decade after the age of 25 years in healthy sedentary men (Rogers, et al., 1990). 

Moreover, age-related decrements have been reported in respiratory capacity and 

submaximal exercise performance (Coggan et al., 1993). Training status seems to 

have a significant effect on the age related decrements in aerobic fitness, by 

reducing the rate of decline in VO2max by about 5% per decade (Heath et al., 

1981). Mattern and his colleagues (2003) reported a 3.3% decrease in sub-maximal 

aerobic performance per decade in well-trained subjects (cycling and triathlon). 

Since aerobic fitness has been shown to be related to physical performance, 

(Castagna et al., 2002) we suggest that this age-related decline in aerobic fitness 

may affect elite athletes running performance. 

 

1.2. Pulmonary Functions 
 

Pulmonary ventilation is generally known to have a linear relationship with oxygen 

consumption at different levels of exercise. Oxygen consumption is also known to 

increase from resting state to intense exercise. Lung function parameters tend to 



have a relationship with lifestyle such as regular exercise and non- exercise 

(Wasserman et al., 1995). Due to regular exercise, athletes tend to have an increase 

in pulmonary capacity when compared to non-exercising individuals, especially 

when the exercise is strenuous (Twick et al., 1998). 

 
Many authors reported ethnic difference in lung function. Forced vital capacity 

(FVC) and Forced Expiratory Volume in the first second (FEV1) have been shown 

to be lower in African blacks than in whites, whereas Indians and Chinese have 

intermediate FVC and FEV1values (Twick et al., 1998).  

 
According to Mengesha and Mekonnen (1985) in Ethiopians the lung function 

indices in particular FVC and FEV1 increases with increasing stature in both sexes. 

The sex difference in all indices is apparent, although for FEV1 % the mean values 

for women are unexpectedly low compared with those of the men .This may be due 

to poor cooperation or poor muscular effort of the women studied. In the women 

FVC and FEV1 showed a significant regression against age and height (Mengesha 

& Mekonnen, 1985). When comparison is made using a standard age and height, 

FVC and FEV1 measured in Ethiopians are found to be lower than in whites but 

higher than in other Africans, Chinese and Indians (Mengesha & Mekonnen, 1985). 

The difference observed in these indices among the ethnic groups may be 

attributable to genetic factors, physical make up inherent in the ethnic groups, 

altitude, environmental differences, physical activities and tobacco smoking 

(Mengesha & Mekonnen, 1985).   

 

This Ventilatory adaptation to exercise may differ in different populations such as 

in Black and Caucasian subjects particularly under different climatic conditions i.e. 

it may be related to ethnic and environmental factors. A study done in Nigeria 

showed male athletes have significantly higher tidal volumes (TV) and forced vital 

capacities (FVC) than male non -athletes, while in females there was no difference 

(Olufeyi et al., 2002).  Hagberg (1988) reported that values for static lung volumes 

(TV and FVC) of accomplished marathoners and other endurance trained athletes 

were no different from those of untrained controls of comparable body size. 



However, another study reported larger normal static lung volumes in swimmers 

and divers when compared to normal non-athletes (Cordain, 1990).  

 
Another study showed that training induces a beneficial effect not only in skeletal 

muscles, but also in respiratory muscles (Powers et al. 1997). Coast et al. (1990) 

compared highly trained cross-country skiers and untrained subjects after 

performing maximal exhausting cycle ergometer exercise and showed that maximal 

inspiratory pressure decreased in the untrained subjects, but not in the trained 

athletes. They suggested that the endurance exercise training undertaken by the 

skiers had induced an adaptive change in the inspiratory muscles that protected 

them from the acute loss of strength seen in normal subjects following exercise. 

Similarly, Bender and Martin (1985) compared trained runners and non-runners 

after exhausting treadmill exercise lasting either 3–10 min or 60 min, and showed 

that respiratory muscle endurance assessed by maximal voluntary ventilation 

(MVV) was more significantly decreased in the non-runners than in the trained 

runners. Interestingly, the authors noted that during the 60 min run, the runners 

were ventilating similar to (mean of minute ventilation, VE, measurements taken 

every 10 min) or relatively more (expression of mean exercise VE as a percentage of 

body mass) than the non-runners. Hue and his colleagues (2000) reported 

significantly a higher ventilatory response during an experiment in which cycling 

was followed by running in competition triathletes, i.e. regionally- and nationally-

ranked compared with elite triathletes, i.e. internationally-ranked. The authors 

concluded that the ventilatory response to exercise may have been related to the 

level of performance in the triathletes.  

 

Respiratory muscle strength and endurance are improved with training regimens 

that specifically target the respiratory muscles (Powers, 1992).  However, there is 

conflicting evidence as to whether respiratory muscle function is altered in response 

to whole-body endurance training. Respiratory muscle strength, expressed as the 

mouth pressure generated during maximal inspiratory efforts against a closed 



airway, is not augmented in endurance athletes with a background of skiing, 

swimming, or running (Cordain et al., 1990; Armour et al., 1993).  

Metabolic changes consistent with improved respiratory muscle endurance have 

been reported in animal studies following various types of endurance training 

although this does not seem to apply to the diaphragm's oxidative capacity 

(Okumoto et al., 1996). In humans, improved ventilatory muscle endurance is 

reported after swimming, running or cycling training (O'Kroy & Coast, 1993). In 

contrast Thomas et al. (1998) found no functional adaptations of ventilatory 

muscles following cycle training, even when the training was performed at altitude. 

 
One study demonstrates that although respiratory muscle strength was not different 

between sedentary subjects and highly trained marathon runners (Eastwood et al., 

2001), respiratory muscle endurance, as assessed from the Maximum inspiratory 

pressure (PImax) developed during progressive threshold loading, was greater in the 

athletes. This increased capacity of the athletes to cope with respiratory loads 

appeared to be a consequence of differences in the breathing pattern adopted during 

loaded breathing, rather than to any functional differences in the respiratory 

muscles themselves. These findings suggest that a long-term background of 

endurance training may induce 'sensory' rather than respiratory muscle adaptations 

(Eastwood et al., 2001). 

 
Highly trained marathon runners had similar respiratory muscle strength PImax to 

non-athletic sedentary subjects, despite having long-term training backgrounds 

(Cordain et al., 1990). This finding is in agreement with most other retrospective 

studies which have demonstrated that, compared to untrained subjects, similar 

values of PImax are seen in highly trained skiers, competitive swimmers and long-

distance runners (Cordain et al., 1990). Also, prospective studies in healthy humans 

generally report no changes in PImax after running or cycling training, although one 

study has documented improvements after swimming training (Clanton et al., 

1987). 

 



In contrast to respiratory muscle strength, which was similar in the athletes and 

non-athletes, respiratory muscle endurance, as defined by the maximum threshold 

pressure achieved during progressive threshold loading, was greater in the athletes. 

This increased endurance is consistent with results from animal experiments that 

demonstrate increased activity of oxidative metabolism in the diaphragm following 

various types of endurance training. However, it should be noted that other studies 

have been unable to detect such changes in diaphragmatic oxidative capacity after 

endurance training (Okumoto et al., 1996).  

 
Lung function tests provide qualitative and quantitative evaluation of pulmonary 

function and are therefore of definitive value in the diagnosis and therapy of 

patients with cardiopulmonary disorders as well as those with obstructive and 

restrictive lung diseases (Robinson & Kjeldgaard, 1982). The parameters used to 

describe lung function are lung volumes and capacities. While the various lung 

volumes reflect the individual’s ability to increase the depth of breathing, lung 

capacities are simply a combination of two or more lung volumes (Olufeyi et al., 

2002). 

 

Pulmonary function, and its relationship to athletic performance, has been a 

controversial topic among exercise researchers. While some have claimed that 

respiratory muscle fatigue did not influence submaximal exercise performance 

(Johnson et al., 1996). 

Others have found that respiratory training actually enhanced exercise tolerance 

(Boutellier et al., 1992). It has been shown that running improved pulmonary 

muscle strength in recreational runners (Robinson & Kjeldgaard, 1982). It has also 

been reported that respiratory muscle fatigue limited performance in high intensity 

activities such as sprinting (Johnson et al., 1996). 

 

While numerous respiratory assessments have been performed on endurance 

athletes, and pulmonary adaptations to exercise have been defined, the question 

remains as to what degree these pulmonary parameters are related to exercise 



performance. Furthermore, can the assessment of pulmonary function values in 

endurance athletes help to predict performance in an endurance event? 

 

In longer running events, such as a Marathon, pulmonary function has also been 

studied, but not in terms of performance in a race. In a study of 11 male Marathon 

runners, researchers found no significant differences between the runners’ actual 

lung function scores and their age predicted scores in forced vital capacity (FVC), 

forced expiratory volume in one second (FEV1), total lung capacity (TLC), and 

functional residual capacity (FRC) values (Kaufmann, 1974). Another study of 101 

male runners found that running did not improve inspiratory muscular strength or 

FVC values (Cordain, 1987). 

 

There is limited research examining pulmonary function as a predictor of running 

performance. In one study, it was found that respiratory function was related to 

performance in a 26.2-mile Marathon run. A significant relationship was found 

between race finish time and residual volume (RV), FRC, TLC, RV/TLC ratio and 

FEV1 (Cordain, 1987). In another study, pulmonary measurements were obtained on 

subjects before, during, and after a 17 Km race; however, these values were not 

analyzed in terms of individual performance in the race (Nava et al., 1992). 

 
1.3. Body Composition 
 
Health practitioners universally agree that too much body fat is a serious health risk. 

Problems such as hypertension, elevated blood lipids (fats and cholesterol), diabetes 

mellitus, cardiovascular disease, respiratory dysfunction, gall bladder disease, and 

some joint diseases are all related to obesity. Also, some research suggests that 

excessive accumulation of fat at specific body sites may be an important health risk 

factor (Wilmore et al., 1986). For instance, it appears that extra fat around the 

abdomen and waist is associated with higher risk of diabetes, heart disease, and 

hyperlipidemia. Individuals who accumulate a lot of fat around the waist (apple-

shaped) are worse off than those who tend to accumulate fat in the thighs and 



buttocks (pear-shaped). The apple-shaped pattern of fat deposition is more 

commonly seen in men; whereas women tend to be pear-shaped (Abe et al., 1998). 

 

The human body is composed of water, protein, minerals, and fat. A two-

component model of body composition divides the body into a fat component and 

fat-free component. Body fat is the most variable constituent of the body. The total 

amount of body fat consists of essential fat and storage fat. Fat in the marrow of 

bones, in the heart, lungs, liver, spleen, kidneys, intestines, muscles, and lipid-rich 

tissues throughout the central nervous system is called essential fat, whereas fat that 

accumulates in adipose tissue is called storage fat. Essential fat is necessary for 

normal bodily functioning. The essential fat of women is higher than that of men 

because it includes sex-characteristic fat related to child-bearing. Storage fat is 

located around internal organs (internal storage fat) and directly beneath the skin 

(subcutaneous storage fat). It provides bodily protection and serves as an insulator 

to conserve body heat. The relationship between subcutaneous fat and internal fat 

may not be the same for all individuals and may fluctuate during the life cycle (Abe 

et al., 1998). 

 

Lean body mass represents the weight of ones muscles, bones, ligaments, tendons, 

and internal organs. Lean body mass differs from fat-free mass. Since there is some 

essential fat in the marrow of bones and internal organs, the lean body mass 

includes a small percentage of essential fat. However, with the two-component 

model of body composition, these sources of essential fat are estimated and 

subtracted from total body weight to obtain the fat-free mass. Practical methods of 

assessing body composition such as skinfolds, bioelectrical impedance analysis 

(BIA), and hydrostatic weighing are based on the two-component (fat and fat-free 

mass) model of body composition (Brodie,1988). 

 

1.3.1. Standards of Body Fat  
Our bodies require essential fat because it serves as an important metabolic fuel for 

energy production and other normal bodily functions. Essential fat requirements are 



< 5% for men and < 8% for women. Normal body functions may be disrupted if 

body fat falls below the minimum level recommended for men (5%) and women 

(15%). The body fat ranges for optimal health (18%-30% for women and 10%-25% 

for men) are based on several epidemiological studies of the general population 

(Jackson & Pollock, 1985).  

 

Body fat percentages for optimal fitness and for athletes tend to be lower than 

optimal health values because excess fat may hinder physical performance and 

activity (Stewart, 

2001). When prescribing ideal body fat for a client, one should use a range of 

values rather than a single value to account for individual differences. After age 20, 

it is expected at least 1-3% fat gain per decade up to the age of 60; thereafter fatness 

declines gradually. In addition, there is approximately a 2% loss of bone mass per 

decade in older populations. As a result of these changes, men and women who 

weigh the same at age 60 as they did at age 20 may actually have double the amount 

of body fat unless they have been physically active throughout their life (Wilmore 

et al., 1986). 

 

1.3.2. Assessing Body Composition 
Some practical methods of measuring body composition include skinfolds, 

circumference (girth) measures, hydrostatic weighing, bioelectrical impedance, and 

near-infrared interactance. Other advanced methods include isotope dilution, 

neutron activation analysis, magnetic resonance imaging, and dual-energy x-ray 

absorptiometry (Brodie, 1988). Most practical methods have a 3% to 4% error 

factor in their prediction of body fat. That is, if you were measured at 20% body fat 

you could be as low as 17% or as high as 23% (Brodie, 1988). This error factor may 

be increased dramatically due to the lack of skill of the technician taking the 

measurements. The following sections will focus on three body fat measurement 

techniques that are often accessible to fitness professionals: hydrostatic weighing, 

bioelectrical impedance, and skinfolds. 

 



1.3.2.1. Hydrostatic Weighing 

Hydrostatic weighing is a valid, reliable and widely used technique for assessing 

body composition. It has been labeled the "Gold Standard" or criterion measure of 

body composition analysis. It is based on Archimedes' principle. This principle 

states that an object immersed in a fluid loses an amount of weight equivalent to the 

weight of the fluid which is displaced by the object's volume. This principle is 

applied to estimate the body volume and body density of individuals. Since fat has a 

lower density than muscle or bone, fatter individuals will have a lower total body 

density than leaner individuals (Stewart, 2001). 

 

1.3.2.2. Bioelectrical Impedance Analysis 

Your total body water constitutes the largest component (72%) of your fat-free 

body weight. Bioelectrical Impedance Analysis (BIA) is based on the fact that the 

body contains intracellular and extracellular fluids capable of electrical conduction. 

Safe, low-level current flows through these intracellular and extracellular fluids. 

Since your fat-free body weight contains much of your body's water and 

electrolytes, it is a better conductor of the electrical current than the fat, which 

contains very little water. So this technique is essentially an index of total body 

water, from which fat-free mass is estimated. 

The popularity of the BIA method has grown significantly over the last few years 

because it is painless, quick, and easy to administer the test. To take the test, one lie 

on a testing table or floor and electrodes are attached to one’s hands and feet. You 

do not feel a thing as the current passes through your body. Average time for 

administering this test is about 10 minutes (Heyward, 1991). 

 

 

 

1.3.2.3. Skinfold Method 

The skinfold method of measuring body fat is a practical, economical, and 

administratively feasible field technique for body composition analysis. It involves 

measuring the skinfold (subcutaneous fat) thickness at specific sites of the body. 



Most equations use the sum of at least three skinfolds to estimate body density from 

which body fat may be calculated. Skinfold measurement does not require 

expensive equipment and it can be routinely incorporated into many health 

promotion settings. Skinfold technicians can be trained rather easily, but must 

practice on at least 50-100 clients before the skinfold technique is mastered 

(Rubiano et al., 2000). 

 

When using the skinfold method, it is assumed that the distribution of subcutaneous 

fat and internal fat is similar for all individuals. This assumption is not fully 

supported. It is now known that older subjects of the same body density and gender 

have proportionately less subcutaneous fat than their younger counterparts. There is 

considerable biological variation in the distribution of subcutaneous, intermuscular, 

intramuscular, and internal organ fat due to age, gender, and degree of fatness 

(Heyward, 1991). However, generalized skinfold equations have been developed to 

estimate the body fat of men and women varying greatly in age (18 to 61 yrs) and 

degree of body fatness (4 to 44% fat). 

 

1.3.3. Accuracy of Skinfold Measurement 

The accuracy of the skinfold method is dependent on the technician's skill as well as 

the type of caliper and the skinfold prediction equation used. When choosing a 

skinfold caliper for a health/fitness setting, the cost, durability, and degree of 

precision of the caliper are important considerations. Reasonably priced plastic 

calipers have a less precise measuring scale, and often provide variable pressure and 

a smaller range of measurement. Despite this, a number of researchers have 

reported only small differences between skinfolds measured with high quality 

calipers and plastic calipers for highly skilled technicians. However, plastic calipers 

are not recommended for use by untrained technicians. 

 

To assure accuracy, the skinfold technician must follow standardized testing 

procedures:  

1. Take all skinfold measurements on the right side of the body. 



2. Carefully identify and mark the skinfold sites. 

3. Place the thumb and index finger approximately 3 inches (8 cm) perpendicular to 

the skinfold, following the natural cleavage lines of the skin. 

4. Grasp the skinfold firmly with the thumb and index finger just slightly less than 

1/2 inch (1 cm) above the marked site to be measured. 

5. Do not release the skinfold during the measurement. 

6. Place the jaws of the caliper approximately 1/2 inch (1 cm) below the thumb and 

index finger. Always release the caliper jaw pressure slowly. 

7. The skinfold measurement should be taken 4 seconds after the pressure is 

released.  

8. Measure the skinfold to the nearest 1/2 to 1 mm. 

 

One should take a minimum of two measurements at each site. It is advisable to 

take measurements in a rotational order rather than consecutive readings at the same 

site. If values differ by more than 1 mm, additional measurements are taken. The 

client's skin should be dry and free of any oils and lotions. Skinfold measurement 

should not be done immediately after exercise due to the shift of body fluid to the 

skin. Fortunately, the time of day or the phase of the menstrual cycle will have little 

effect on the skinfold measurement (Jackson & Pollock, 1985).  

As with many skills, the more you practice the better you will become at measuring 

skinfolds. It always helps if you have another trained technician to compare your 

results. For severely obese clients (> 45% body fat) you will not be able to measure 

their skinfold thickness accurately. One alternative for obese clients would be to use 

fat-specific equations developed for the BIA method (Segal et al., 1985). 

 

1.3.4. Skinfold thicknesses and running performance  
Early studies on general populations of subjects observed that physical performance 

measurements were negatively related to the amount of body fat and positively 

related to amounts of fat-free weight (Riendeau et al., 1968). Studies have also 

indicated that appropriate sport-specific levels of relative fat and fat-free weight are 

beneficial to performance in most sports (Moffat et al., 1984).  



 

In spite of the introduction of new measurement techniques, such as dual-energy X-

ray absorptiometry (DXA) and bioelectrical impedance analysis (BIA), the results 

of these studies suggest that surface anthropometry offers a valid field method of 

assessing body composition in athletes (Claessens et al., 2000). Moreover, this 

examination can be easily performed in all circumstances. Differences in the 

distribution of subcutaneous fat around the body have already been reported 

(Stewart and Hannan, 2000). The above reports have described body fat values and 

some have reported the sum of skinfolds. However, it is notable that few studies 

have presented data for specific skinfold values in runners (Bosch et al., 1990). 

Furthermore, despite an increasing amount of data from different scientific fields 

concerning important variables for performance capacity in distance running, to the 

best of our knowledge, very few studies have reported, the relationship between 

body fat or sum of skinfolds with running performance in homogeneous groups of 

elite athletes. Conley and Krahenbuhl (1980) reported no significant relationship 

between body fat or sum of skinfolds in an elite group of 10,000 m runners (average 

best time 32 min. 06 sec, Coefficient of Variance (CV)= 3.1%). Another study 

reported similar findings in a homogeneous group of elite 3000m steeplechase 

runners (average best time 8 min. 38 sec, CV = 1.2 %) (Kenney and Hudson 1985). 

Only occasionally have previous studies reported the expected significant 

associations in more heterogeneous groups (Tanaka et al. 1989). However, as far as 

our knowledge, no previous studies have reported correlations between specific 

skinfold measures and running performance. Therefore, the purpose of this study 

was to determine if the sum of skinfold thicknesses and specific single skinfold site 

were related to competitive running performance in male and female middle 

distance athletes. 

 

 

 

 



1.4. Heart rate 
In response to physical activity, HR increases in a predictable manner (Boulay et 

al., 1997). In fact, the relationship between exercise intensity and HR is an 

extremely linear one-the greater the intensity, the higher the HR, with the 

relationship becoming more curvilinear (HR begins to plateau) at very high 

intensities (Wenger & Bell, 1986). Because of its predictability, one can use HR to 

prescribe running intensities.  

 

It has been reported that the HR observed at slightly below the ventilatory threshold  

is a better indicator of the exercise intensity that can be sustained for prolonged 

periods than other physiological measures such as blood lactate concentration, work 

output, ventilation (liters of air breathed in or out per minute), and volume of 

expired carbon dioxide (Boulay, et al., 1997). This is good news for the coach since 

determining athletes' heart rates is obviously much easier than determining their 

blood lactate concentrations or VO2 max. 

 
1.4.1. The Importance of Maximal Heart Rate 
 

Measurement of heart rate is routinely used to assess the response of the heart to 

exercise, or the recovery from exercise, as well as to prescribe exercise intensities. 

Given that the increase in heart rate during incremental exercise mirrors the 

increase in cardiac output, maximal heart rate is often interpreted as the upper 

ceiling for an increase in central cardiovascular function. Indeed, research for the 

last 100 years has demonstrated that heart rate does in fact have a maximal value; 

one that cannot be surpassed despite continued increases in exercise intensity or 

training adaptations (Karvonen et al., 1957). 

 

HR is considered the standard for estimating exercise training intensity in the field 

based on its linear relationship to VO2max. The recommendations of the American 

College of Sports Medicine (ACSM) for moderate to hard relative exercise training 

intensities for cardiorespiratory fitness based on HR are 55%-90% of maximum 



heart rate (HRmax) or 40%-85% of heart rate reserve (HRR) (American College of 

Sports Medicine, 1998). Although the use of heart rate to monitor exercise intensity 

is common practice, several drawbacks of this method has been noted. To be 

effective, an accurate determination of HR must be obtained, often requiring 

individuals to stop their activity temporarily to palpate their pulse rate (Dunbar et 

al., 1994). In addition, many individuals experience difficulty palpating a pulse or 

accurately timing their pulse count which can result in subjective error. It has been 

suggested that individuals who use HR to monitor their exercise intensity may 

become overly preoccupied with the monitoring of their HR in order to avoid 

deviating from their targeted training range. This preoccupation and frequent pauses 

in activity to obtain an accurate HR are believed to have a negative effect on 

activity enjoyment and long-term compliance (White, 1977).  

 

Use of a HR monitor would eliminate many of the problems associated with 

palpating a pulse and would provide an alternative means by which an individual 

could use HR as a guide to estimating exercise intensity. However, some 

individuals may perceive the need to wear a device during exercise as bothersome 

or the additional expense of a HR monitor a barrier to initiating an exercise regimen 

(Joseph et al., 2001). 

 

1.4.2. Heart rate variability and baroreceptor responsiveness 
 

Chronic aerobic exercise elicits important cardio-protective adaptations that have 

been linked to decreased all-cause mortality (Blair et al., 1989). Effects such as 

increased aerobic capacity (consequent to decreased peripheral vascular resistance 

and increased cardiac output and arteriovenous oxygen difference) are well 

documented (Blomqvist & Saltin, 1983), and characterize the physiological 

adaptation to endurance training. Surprisingly, despite important implications for 

cardiovascular health, the effects of aerobic exercise on autonomic cardiovascular 

regulation receive comparatively less attention. Effects such as significant resting 



sinus bradycardia and increased heart rate variability are thought to be mediated 

through adaptations in autonomic cardiovascular control (Kenney, 1985).  

 

Analyses of heart rate variability and baroreceptor responsiveness provide 

important information on exercise training effects. High heart rate variability is 

associated with increased parasympathetic cardiac control, and low heart rate 

variability is associated with decreased parasympathetic cardiac control and 

coronary heart disease (Hayano et al., 1990). Heart rate variability was shown to be 

significantly higher in physically active, compared to non-physically active healthy 

humans (Dixon et al., 1992). Conversely, decreased vagal outflow after myocardial 

infarction results in both decreased heart rate variability and baroreceptor 

responsiveness (Kleiger et al., 1987). Although not consistently found, some have 

reported increased arterial baroreceptor sensitivity in active, compared to sedentary 

humans (Fiocchi et al., 1985). Taken together, these data suggest that the autonomic 

nervous system adapts to chronic demands imposed by exercise or inactivity.  

 

Many applied exercise physiology laboratories evaluate the effects of exercise on 

functional rather than autonomic adaptations despite being equipped to do both. 

Autonomic function tests, performed in conjunction with standard exercise tests, 

would more completely inform mechanisms of systemic-wide adaptations to 

exercise, and contribute importantly to the evaluation of physical fitness and 

cardiovascular health (Fiocchi et al., 1985). 

 
In this study we wanted to examine the accepted concept that additional adiposity 

contributes in a negative way to performance, Decline in VO2max affect elite 

athletes running performance. Can the assessment of pulmonary function values in 

endurance athletes help to predict performance in an endurance event?  

 

 

 

 



 

 

 

 

2. SIGNIFICANCE OF THE STUDY 
 

The physiological characteristics and capabilities of the Olympic athlete developed 

from a combination of genetic predisposition and arduous physical training 

(Karlsson & Saltin, 1971).  While it is our belief that these physiological factors 

represent some of the most important determinants of athletic success, it should be 

acknowledged that biomechanical, psychological, tactical, nutritional and 

environmental factors also have the potential to impact upon performance to a 

greater or lesser extent.  

 

There are clearly a large number of both physiological and non-physiological 

factors that can determine the outcome of a running race such that the relationship 

between an athlete’s physiological capacities and their likelihood of success is not 

straightforward (Fukuba & Whipp, 1999). Therefore, knowledge of the 

physiological demands and limitations to performance enables the exercise 

physiologist to assist in the construction of appropriate training programmes for 

athletes specializing in different events and to advise athletes on other (legal) 

performance enhancing strategies.  

 

Identification of several variables is believed to be necessary for successful 

performance test in several sports. There is no adequate study carried out so far to 

analyze the affiliation between pulmonary parameters, VO2max, body fat 

percentage, heart rate and running performance in Ethiopia.  This study evaluated 

the relationship of those parameters with running performance. 

 



Sport science technology for performance testing is not well studied in Ethiopia. 

This study may offer starting inspiration for subsequent scientific study on sport 

science.  

 

 

 

 

3. OBJECTIVES OF THE STUDY 
 

3.1. General Objective 
 

• To assess the influence of Skinfold thickness and some selected 

cardiopulmonary parameters in middle distance (800 and 1500 meters) 

running performance in male and female athletes. 

 

3.2. Specific Objectives 

 

 To determine if selected measures of pulmonary function correlate with 

middle distance running performance.  
 

 To find out the correlation between selected cardiopulmonary 

parameters such as heart rate, and VO2max with middle distance athletic 

performance.  

 

 To determine if skinfold thickness was related to competitive running 

performance in male and female middle distance athletes.  
 

 



 

 

 

 

 

 

 

 

 

4. SUBJECTS AND METHODS 
4.1. Study Design:  

The study design appropriate for this study is cross-sectional. Selected study 

subjects have different performance (race run time). Their performances were 

obtained after consulting the official rankings recorded by Ethiopian Athletics 

Federation. The best performance for an athlete who involved in two events (800 

and 1500 meters) was established using Scoring Tables of the International 

Amateur Athletic Federation (IAAF) (Spiriev, 1998). With the introduction of these 

tables the run time in athletics were converted to a number of points (typically 

between 0 and 1400).These tables assign a definite score to each performance (run 

time), which enable us to compare performances in different events for the same or 

different athletes. The person who took cardiopulmonary function and skinfold 

thickness measurements was blind about the performance of the athletes. 
 

4.2. Study Setting:  

Federal Sport Health Center Laboratory, National Olympic Gymnasium, Addis 

Ababa University, Faculty of Medicine Laboratories, and measuring instruments in 

those laboratories. 



 

4.3. Study Subjects 
Twenty volunteer elite middle distance runners participated in the study. All of 

them are member of Ethiopian National team There were two groups of 

experimental subjects, elite middle distance male and female runners (since lung 

function parameters and VO2max, are usually slightly lower in females than in 

males).The mean (Standard Deviation) of age is 20.42 (2.58) years for males and 

19.67 (2.87) years for females, height is 178.25 (5.24) cm for males and 167.08 

(5.49) cm for females, weight is 62.67 (5.00) kg for males and 49.25 (4.65) kg for 

females, Body Mass Index (BMI) is 19.70 (0.95) kg/m2 for males and 17.78 (1.43) 

kg/m2 for females. Subjects were healthy and nonsmokers. 

 

4.4. Procedures  
Health status of study subjects were evaluated by sport physician for any illness or 

disease that precluding them from participation in maximum aerobic capacity and 

pulmonary function testing. The objective of the study was explained to all study 

subjects. Then after, complete instruction was given on the testing procedure before 

signing a written informed consent. 

 

4.4.1. Determination of VO2max 

Initially, subjects were familiarized with the experimental apparatus, which 

consisted of an electronically braked treadmill (Technogym HC 1200, Italy) and 

chest belt sensor (cardiotester) (Technogym, Italy). All subjects were familiarized 

with the test protocol prior to carrying out the actual test. 

 

The maximal rate of oxygen consumption was determined using a continuous, 

incremental exercise protocol conducted on an electronically braked treadmill. Prior 

to exercise, subject’s height without shoe nearest to 0.1 cm (Anthropometric Rod, 

Giant Germany), weight with minimum clothing and without shoe, nearest to 0.1 kg 

(Detecto Scales Inc. Brooklyn, N.Y. U.S.A) were measured and Body Mass Index 



(BMI) was calculated using standard formula (BMI = weight (kg) / height (m)2). 

The cardiotester belt was put on in contact with the skin. The belt was positioned 

just below the pectorals. The rubber contact was moistened with water before 

putting the belt on. The belt was adjusted so that it was tight enough to remain in 

stable position during exercise. The test administrator entered height, weight, sex 

and age data prior to the start of the test. The standard continuous graded exercise 

test protocol was given according to Astrand Protocol on treadmill. During the test, 

the speed and inclination of the treadmill was increased at a constant rate. After 

3min of warming up with 10 km/hr and 0% slope, the inclination was increased by 

2.5% in every 2 minutes. The initial speed of the incremental test performed on the 

treadmill was 14 km/h. In the test, the protocol was continued till the subject 

expressed his inability to continue further or attainment of the predicted maximal 

heart rate (age predicted maximum heart rate = 220-age) (Teresa et al., 2004). The 

VO2max score was calculated by treadmill from five factors: age, heart rate, sex, 

weight and height. The program calculates and provides VO2max in ml/kg/min. 

Subjects visited the laboratory on two occasions. During the first visit, subject’s 

performed an incremental exercise test to exhaustion on an electrically braked 

treadmill. The purpose of this first test was to familiarize the subjects to the testing 

and to allow optimization of the test protocol on the second visit. Each study 

subjects attended both sessions at the same place and time of day. All testing was 

performed with the subjects wearing t-shirts and shorts. 

 

Heart rates were recorded using heart rate monitor on the treadmill and chest belt 

sensor during these tests. Heart rate was determined during the last 15 seconds of 

each level from suitably placed cardiotester. Resting heart rate was measured by 

using ECG machine (Fukuda Denshi Co. Ltd, Tokyo, Japan) prior to incremental 

exercise testing. 

 

4.4.2. Determination of Pulmonary Variables 

A pulmonary profile was obtained on each subject, which includes measures of 

Vital capacity (VC), Forced Expiratory Vital Capacity (FVC), Peak Inspiratory 



Flow (PIF), Peak Expiratory Flow (PEF), Forced Expiratory Volume after 1 sec 

(FEV1), FEV1 in % of maximal vital capacity, Maximal expiratory flow at 25% of 

maximal VC (MEF25), Maximal expiratory flow at 50% of maximal VC (MEF50), 

Maximal expiratory flow at 75% of maximal VC (MEF75), Mean maximal 

expiratory flow between 25% and 75% of FVC (MMEF), Forced Expiratory 

volume after 6 seconds (FEV6). Subjects were asked to refrain from exercise for 

eight hours prior to testing since FVC values have been shown to decrease 

immediately following endurance exercise (Maron et al., 1979). 

 

Spirometric measurements were obtained from a SpiroPro pocket sized spirometer 

made by JAEGER, Germany. As important correction factors are calculated from 

ambient conditions; temperature, humidity and barometric pressure were checked. 

Because the predicted values are calculated from subject’s anthropometric data, the 

subject’s anthropometric data (sex, date of birth, height, and weight) were entered 

before recording starts. 

All procedures were explained to the subjects prior to testing, and subjects received 

verbal encouragement throughout the testing. Usage of a disinfected pnemotach 

before starting the measurement was verified.  

 

Subjects were seated and wearing nose clips during data collection. The test 

administrator checked the lips seal around the mouthpiece. Each subject faced the 

spirometer and performed a normal breathing. The test administrator informed the 

subject to inhale to maximum followed by a forceful exhalation into the tube until 

all air was expelled. The subject then performed a maximal inhalation to complete 

the maneuver. The best value of two trials was recorded for each subject. 

Calibration of the spirometer and all testing protocols was performed as outlined in 

the instruction manual. 

 

4.4.3. Determination of Body fat Composition 

Body fat content was estimated by measurements of skinfold thickness at four sites 

using a Harpenden caliper (British Indicators Ltd., St. Albans, UK), having an 



accuracy of 0.2 mm.  The skinfold sites were biceps, triceps, subscapula, and 

suprailiac. The landmarks were identified and measured according to Wilmore and 

Behnke (Wilmore & Behnke, 1969). The skinfold sites were marked with a surgical 

marking pen. All skinfolds were taken on the right side of the body, and the same 

person took a minimum of two measurements at each site in a rotational order. The 

average of two measurements within 10% of each other was recorded as the skin 

fold thickness for that site. Body fat percentages were determined according to Siri 

equation (Siri, 1956). 

 

The skinfold caliper, electrodes of ECG machine, the belt of Cardiotester as well as 

the subject’s skin were cleansed with a gauze pad and rubbing alcohol. 

 

 
 

 

 
5. STATISTICAL ANALYSIS 
Descriptive statistics was calculated for both male and female subjects for all 

variables and values are expressed as mean ± Standard Deviation (SD). To 

determine if pulmonary function tests, VO2max, heart rate and sum of four skinfold 

thicknesses serve as predictors of running performance, Pearson correlation analysis 

was performed on those variables based on the athlete’s current performance. SPSS 

software version 12 was used for data analysis. Statistical significance was fixed at 

the p<0.05 level.  

 

6. ETHICAL CONSIDERATION 
Ethical clearance was obtained from AAU-FM. Informed consent was obtained 

from the study participants prior to the interview and tests of the variables. Also the 

purpose of the study was explained to each of the study participants prior to 

commencement of various testes. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7. RESULTS  
7.1. Anthropometric Measurements  
The physical characteristics and performance of the athletes are summarized in 

Table 1. 

Table 1 - Physical characteristics and performance of the male and female runners 

Males  Females   

Min. Max. Mean ±SD Min. Max. Mean ±SD 

Age (years) 18 26 20.42 ±2.58 18 26 19.67 ±2.87 

Weight (kg) 52 68 62.67 ±5.00 41 57 49.25 ±4.65 

Height (cm) 165 183 178.25 ±5.24 157 178 167.08 ±5.49 

BMI (kg/m2) 17.63 20.90 19.70 ±0.95 14.53 19.99 17.78 ±1.43 

Performance 

(IAAF scoring) 

976 1113 1040.92  

CV = 4.12 % 

1008 1093 1050.75 

CV = 2.79% 



 

CV = Coefficient of variation  

 

There was no significant statistical difference in age of male and female athletes. 

The female athletes were significantly shorter and lighter (P < 0.01) and possessed 

lower BMI (P < 0.05) than the males. According to WHO cut off points there is 

mild thinness in female athletes but average male athletes BMI fall in normal range 

(Table 2).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2: The International Classification of adult underweight, overweight and 
obesity according to BMI  
 

Classification BMI (kg/m2) 

 Principal cut-off points Additional cut-off points 

Underweight <18.50 <18.50 

     Severe thinness <16.00 <16.00 

     Moderate thinness 16.00 - 16.99 16.00 - 16.99 

     Mild thinness 17.00 - 18.49 17.00 - 18.49 

18.50 - 22.99 Normal range 18.50 - 24.99 

23.00 - 24.99 

Overweight ≥25.00 ≥25.00 



25.00 - 27.49      Pre-obese 25.00 - 29.99 

27.50 - 29.99 

     Obese ≥30.00 ≥30.00 

30.00 - 32.49           Obese class I 30.00 - 34-99 

32.50 - 34.99 

35.00 - 37.49           Obese class II 35.00 - 39.99 

37.50 - 39.99 

          Obese class III ≥40.00 ≥40.00 

Source: Adapted from WHO 1995, WHO 2000 and WHO 2004.  
 

 

 

 

 

 

 

 

 

 

 

7.2. Skinfold Thickness Measurements 
Skinfolds measurements of the male and female athletes are summarized in Table 3  

 

Males Females  

Range  Mean ±SD Range Mean ±SD 

Biceps skin fold (mm) 3-5 4.00 ±0.71 4-7 5.00 ±1.16 

Triceps skin fold  (mm) 5-8 6.33 ±1.00 7-12 8.40 ±1.43 



Table 3 - Descriptive statistics of skinfolds measurement of the male and female 

athletes 

 

 

In female runners the sum of four skinfolds was significantly greater compared to 

male runners (P < 0.05).  

The relationship between skinfold measurements and IAAF score for the male and 

female runners is shown in Table 4.  

 

 

 

 

 

 

 

 

 

 

Table 4 - Association between skinfold values, sum of skinfolds and IAAF scoring 

in male and female athletes  

Sub-scapular skin fold (mm) 6-8 7.22 ±0.67 6-9 6.90 ±0.99 

Supra-iliac skin fold (mm) 5-7 5.67 ±0.71 5-8 7.00 ±1.16 

Sum of skinfolds (mm) 20-27 23.22 ±2.22 24-35 27.30 ±4.03 

Fat percentage (% body weight) 8.10-10.50 9.17 ±1.26 16.80-20.50 18.18 ±1.63 

Skin fold thickness  
Females Biceps Triceps Sub-

scapular 
Supra-
iliac 

Sum of 
Skinfold 
Measurements

Body Fat 
Percentage

IAAF Pearson -0.57 -0.51 -0.63* -0.75* -0.77** -0.84* 



 

** Correlation is significant at the 0.01 level (2-tailed) 

* Correlation is significant at the 0.05 level (2-tailed) 

 

In male athletes skinfold measurement at biceps and triceps were not significantly 

associated with running performance. Significant negative correlations were 

observed between skinfold measurement at sub-scapular (r = -0.676, P = 0.046), 

supra-iliac  

(r = -0.798, P = 0.01) and running performance. High negative correlation were 

found between sum of four skinfold measures and IAAF score (r = -0.800, P = 

0.010). 
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Figure 1 - Association between sum of four skinfold measurements and running 

performance in male and female athletes  

 

In the female runners IAAF score was not significantly associated with skinfold 

measurement at biceps and triceps. High negative correlations were observed 

between skinfolds measurement at sub-scapular (r = -0.639, P = 0.047), supra-iliac 

(r = -0.751, P = 0.012), sum of four skinfolds measurement (r = -0.778, P = 0.008), 

body fat percentage (r = -0.840, P = 0.002) and running performance.  

 

 

 

 

 

 

 

7.3. Heart Rate  
Table 5 - Descriptive Statistics of heart rate at different level of treadmill testing for 

male and female athletes  

Males Females   

Range Mean ± SD Range Mean ± SD 

Resting Heart Rate 64-70 66.36 ± 2.29 64-70 68.80 ± 1.93 

Heart Rate during warming up 

(V = 10 km/hr, S = 0%) 

90-129 113.27 ± 12.69 114-161 128.30 ± 17.75 

Heart Rate at level 1 

(V = 14 km/hr, S = 0%) 

128-172 147.55 ± 12.38 124-174 151.50 ± 18.05 

Heart Rate at level 2 

(V = 14 km/hr, S = 2.5%) 

147-178 161.73 ± 8.32 144-185 161.80 ± 13.46 

Heart Rate at level 3 

(V = 14 km/hr, S = 5.0%) 

158-178 169.64 ± 5.48 153-188 170.80 ± 11.90 



Heart Rate at level 4 

(V = 14 km/hr, S = 7.5%) 

165-191 176.73 ± 6.72 165-196 179.90 ± 9.76 

Heart Rate at level 5 

(V = 14 km/hr, S = 10%) 

165-195 180.09 ± 7.36 170-200 189.50 ± 9.62 

Heart Rate at level 6 

(V = 14 km/hr, S = 12.5%) 

165-200 181.82 ± 8.92   

% Sub-Maximal HR 82-100 91.36 ± 4.72 85-103 94.90 ± 5.34 
 

V = Treadmill Velocity 

  S = Inclination of the treadmill 

In male athletes the heart rates required to run at a treadmill velocity of 10km/hr 

and 0% inclination ranged from 90 to 129 beats per minute, which correspond to 45 

and 64 % of the individual's maximal heart rate, respectively. The heart rates 

required to run at a treadmill velocity of 14km/hr and 12.5% inclination ranged 

from 165 to 200 beats per minute, which correspond to 82 and 100 % of the 

individual's maximal heart rate, respectively. 

In female athletes the heart rates required to run at a treadmill velocity of 10km/hr 

and 0% inclination ranged from 114 to 161 beats per minute, which correspond to 

57 and 81 % of the individual's maximal heart rate, respectively. The heart rates 

required to run at a treadmill velocity of 14km/hr and 10% inclination ranged from 

170 to 200 beats per minute, which correspond to 85 and 100 % of the individual's 

maximal heart rate, respectively. 

 

Table 6 - Pearson Correlation between heart rate and IAAF scoring for male and 

female athletes  

Pearson correlation coefficient  

Males  Females 

Resting Heart Rate -0.335 -0.144 

Heart Rate during warming up -0.252 -0.210 

Heart Rate at level 1 -0.345 -0.244 

Heart Rate at level 2 -0.523* -0.408 



Heart Rate at level 3 -0.627* -0.633* 

Heart Rate at level 4 -0.929** -0.947** 

Heart Rate at level 5 -0.907** -0.899** 

Heart Rate at level 6 -0.896**  

% Maximum HR -0.865** -0.843** 

 
* Correlation is significant at the 0.05 level (2-tailed). 

** Correlation is significant at the 0.01 level (2-tailed). 
 
 

Figure 2 provides the relationship, for each individual, between sub-maximum heart 

rate and running performance in male and female athletes. This value of maximal 

heart rate was significantly related to IAAF score as shown in Table 6.  

The Pearson correlation analysis showed that there was a significant negative 

correlation between IAAF score and Heart Rate at level 2 and 3 at 0.05 level of 

significance in male runners (r = -0.523 and r = -0.627 respectively), and there was 

also strong negative correlation between heart rate at level 4, 5 and 6 and 

performance at 0.01 level of significance (r = -0.929, r = -0.907 and r = -0.896) 

respectively. 

 

The Pearson correlation analysis also showed that there was a significant negative 

correlation between IAAF score and Percent Maximum Heart Rate (%HRmax) at 

0.01 level of significance (r = -0.865) in male runners. 

 

In females runners, the relationship between performance and heart rate at level 3, 4 

and 5 was significant (r = -0.633, P < 0.05; r = -0.899, P < 0.01; r = -0.947, P < 0.01 

respectively). 

The Pearson correlation analysis also showed that there was a significant negative 

correlation between IAAF score and Percent Maximum Heart Rate (%HRmax) at 

0.01 level of significance in female athletes (r = -0.865). 

 



960 1000 1040 1080 1120 1160
150

160

170

180

190

200

210

Males

Females

IAAF score

Su
b 

m
ax

im
al

 H
R

 (b
ea

ts
/m

in
)

 

Figure 2 - The relationship between sub-maximal heart rate and performance for 

each subject in male and female athletes  

 

7.4. Measurement of Maximal O2 uptake 
Table 7 - Descriptive Statistics of maximum O2 uptake 

 VO2max(ml/min/kg) 

 Min. Max. Mean (SD) 

Males 56.00 71.00 67.18 (4.62) 

Females 48.00 61.00 54.40 (5.32) 

VO2max (liters/min) 

 Min. Max. Mean (SD) 

Males 3.46 4.83 4.19 (0.47) 

Females 2.06 3.25 2.73 (0.40) 

 



The maximum oxygen uptake (measured as ml/min/kg) of female runners was 

significantly lower than that of male runners (P<0.05). 

 

Table 8 - Pearson Correlation between maximum aerobic capacity and IAAF 

scoring   

   
Males 

 
Females 

Pearson Correlation 0.805** 0.859** VO2max(ml/min/kg) 
  

P value 0.003 0.001 

Pearson Correlation 0.480 0.775** VO2max (liters/min) 
  

P value 0.135 0.008 

** Correlation is significant at the 0.01 level (2-tailed). 

  
 
Figure 3 shows that VO2max increases with the IAAF scores in both male and 

female athletes. As shown in Table 8 VO2max (measured as ml/min/kg) was 

significantly positively correlated with running performance in male runners (r = 

0.805, P = 0.003).  Correlation between VO2max (measured as ml/min/kg and 

liters/min) and IAAF score was also highly significant in the female athletes (r = 

0.859, P = 0.001). 
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Figure 3 - Values of VO2max as a function of IAAF scores for each individual in 

male and female runners 

 

7.5. Pulmonary Function Measurements 
Results of Spirometry testing are shown in Table 11. It was noted that for VC, FVC, 

FEV1, and FEV1% VC, all subjects had values higher than predicted norms for their 

age, height, and gender. We obtained percent predicted norms for their age, height, 

and gender for each variable from the Spirometer. But values for PIF were 70.4% of 

predicted value for women and 80.2% for men. And values of PEF were 93% of 

predicted value for men and 90% for women. 

 

For FVC, the male subjects were at 103.6% of their predicted values, whereas the 

female subjects were at 111.4% of predicted values. The women performed at 

110.6% of predicted values for FEV1, while the men performed at 107.0% of 

predicted values.  



The smallest difference between actual and predicted scores was noted in FEV1% 

VC values for women. The actual scores were 102.3% of predicted scores. For the 

men, actual FEV1% VC scores were 110.3% of predicted scores. 

Table 9 - Descriptive Statistics of Pulmonary Parameters  

 

 

 

 

 

 

 

 

 

 

 

 

 

 Females Males 

 Min. Max. Mean ± SD Min. Max. Mean ±SD 

VC 3.43 4.29 3.86 ± 0.30 4.60 5.71 5.17 ± 0.40 

FVC 3.44 5.78 4.65 ± 0.80 4.86 5.98 5.41 ± 0.44 

FEV1 3.36 5.60 4.08 ± 0.73 4.16 5.32 4.73 ± 0.43 

FEV1% VC 79.00 98.00 88.18 ± 6.90 80.00 96.00 91.56 ± 5.20 

PEF 6.19 7.57 6.95 ± 0.53 6.65 8.98 8.03 ± 0.78 

MEF25 3.48 4.50 3.96 ± 0.30 6.08 8.64 7.01 ± 0.83 

MEF50 2.93 5.45 3.97 ± 0.87 5.16 7.98 5.83 ± 0.91 

MEF75 2.00 3.51 2.81 ± 0.56 1.88 5.95 4.33 ± 1.06 

MMEF 2.40 3.99 3.29 ± 0.54 5.44 7.53 6.34 ± 0.58 

PIF 4.74 5.51 5.14 ± 2.00 5.92 7.93 6.82 ± 0.75 



 
 
 
It was noted that PIF values for men and women were below age predicted norms. 

Actual mean scores for men were 6.82 L/sec. and predicted values were 8.50 L/sec 

with a difference of 1.68 L/sec. Actual mean scores for women were 5.14 L/sec and 

predicted values were 7.35 L/sec with a difference of 2.2 L/sec. It was noted that 

PEF values for men and women were below age predicted norms. Actual mean 

scores for men were 8.03 L/sec. and predicted values were 8.64 L/sec with a 

difference of 0.61 L/sec. Actual mean scores for women were 6.95 L/sec and 

predicted values were 7.70 L/sec with a difference of 0.76 L/sec. 

Table 10 consists of the Pearson correlation coefficients of all independent variables 

with 800 and 1500meters run time. All variables used in correlation analysis were 

corrected by height. IAAF score was significantly positively correlated (p<0.05) 

with the following variables in the male athletes: VC (r = 0.66), FVC (r = 0.70), and 

FEV1 (r = 0.63).  

In female athletes running performance was also significantly positively correlated 

with VC (r = 0.65) at 0.05 level of significance and highly correlated with FVC (r = 

0.85) and FEV1 (r = 0.80) at 0.01 level of significance.  

Table 10 - Pearson Correlation between Pulmonary parameters and IAAF scoring 

 

 Females Males 

VC 0.66* 0.65* 

FVC 0.85** 0.70* 

FEV1 0.80** 0.63* 

FEV1 % VC -0.03 0.05 

PEF 0.43 0.58 

MEF25 0.37 0.57 

MEF50 0.53 0.62 

MEF75 0.11 0.61 

MMEF 0.22 0.51 

PIF 0.53 0.56 



 

** Correlation is significant at the 0.01 level (2-tailed). 

* Correlation is significant at the 0.05 level (2-tailed). 
 
 

 

 

 

 

 

 

 

 

 

 

 

8. DISCUSSION 
A variety of physiological variables have been found to be of importance for the 

performance level in middle-distance running events. The majority of research 

relating physiological parameters to middle-distance running performance has dealt 

primarily with well-trained males heterogeneous (CV>5%) in performance (Legaz 

et al. 2007). 

 

8.1. Skinfold 

This study tried to investigate association between sum of four skinfolds thickness, 

each skinfold thickness and running performance in male and female middle 

distance athletes with different running performance. In particular, we wanted to 

examine the accepted concept that additional adiposity contributes in a negative 

way to performance. 



 

In the present study, a sum of four skinfolds and percent body fat have been found 

to be associated with 800 and 1500meters running performance. This study showed 

that a lower sum of skinfolds and percent body fat facilitates the individual’s 

running performance and a reduction to minimal optimal levels would seem 

desirable. Despite the fact that it is very risky to compare skinfolds values from 

different studies, given the variability in technique, equipment and site location, the 

sum of skinfolds of these athletes is significantly lower than that reported among 

groups of runners showing lower performances (Bosch et al., 1990). This leanness 

is probably the result of both a genetic predisposition to leanness and probably 

higher volume of training in our runners. 

 

It is important to point out that the majority of studies regarding association 

between percent fat and/or sum of skinfolds with running performance were based 

on heterogeneous samples. Hartung and Squires (1982) found a significant 

correlation between percent fat and marathon race time, (average best time 3 hours 

26 min. 54 s,  

CV = 17.5%, r = -0.38); Ready (1984) established that body fat in 10 top-class 

middle-distance female runners was significantly correlated with provincial 

ranking, r = -0.98. In a study of sixty male distance runners, classified into three 

homogeneous groups in accordance with their best performance capabilities in 10 

km races, Bale and his colleagues (1986) observed that the best runners showed 

significantly smaller skinfolds values. Similar study also reported a weak but 

statistically significant association between percent fat and 10000 m race time in 

female runners (average best time 38 min. 26.7 s,  CV = 6.8%, r = 0.33) (Tanaka et 

al. 1989). Kenney and Hodgson (1985) observed no significant associations 

between percent fat and 3000 m steeplechase race time (average best time 8 min. 38 

s, CV =1.2%) and 5000 m race time (average best time 14 min. 05 s, CV = 0.6%). 

The higher level of performance and the lack of variability exhibited by these 

runners may be the most likely explanations for these low correlations. 

 



To our knowledge, no literature is available regarding the association between each 

skinfold measurement and running performance. In this study, the CV of 

performance in both male and female runners is small and thus high correlation 

between each skinfold value and running performance is not expected. However, as 

shown in Tables 4, although performance was not influenced by biceps and triceps 

skinfolds, there were negative correlations between Sub-scapular and Supra-iliac 

skinfolds and running performance in male and female athletes. An excess of 

subcutaneous adipose tissue means a greater muscular effort is required to 

accelerate the legs and therefore, increased energy expenditure is required.  

 

Previous studies highlight the importance of the assessment of skinfolds values. 

Graves and his colleagues (1987) found that, out of 27 anthropometric variables 

studied, only the medial calf skinfold value were statistically lower among a group 

of 15 elite female distance runners compared to 12 good runners. Bosch and his 

colleagues (1990) found significant differences in triceps, front thigh and medial 

calf skinfolds when black and white runners were compared. It is probable that 

lower extremity skinfolds facilitate an individual´s running performance due to the 

fact that a higher relative body mass quantity distributed in the lower limbs would 

most likely require a bigger muscular effort to accelerate the legs while running. 

Also, in theory, energy expenditure would be higher. It is important to point out that 

the relationship between sub-scapular and supra-iliac skinfolds with running 

performance observed in the present study cannot exclude the possibility that some 

athletes excelled in an event. Therefore, the association between performance and 

skinfolds thicknesses described in our investigation may not reflect entirely a causal 

effect of athletic training on skinfolds. It remains to be determined if this 

association is determined genetically, by diet and intensive training, or by a 

combination of these factors. Therefore, longitudinal study to assess the influence 

of skinfolds thicknesses on performance is recommended. 

 

8.2. Heart rate  



Despite the possible effect of some non-physiological variables on HR and the fact 

that HR measurement is an indirect estimation of the cardiorespiratory responses, it 

is widely admitted that this variable is a good indicator of exercise performance. It 

has been shown that the HR expressed as a percentage of HRmax is a good indicator 

of exercise performance than the absolute HR value (Gilman and Wells, 1993).At 

submaximal workloads, a higher HR has been associated with the additional oxygen 

cost and anaerobic energy resulting from more inefficient work (Legaz et al., 2006). 

Possibly, a lower submaximal heart rate can be associated with the higher Left 

Ventricular Diameter (LVD) found in the better runners (Legaz et al., 2006). Higher 

LVD increased, in submaximal exercise, the capacity of the athlete to pump 

unusually large volumes of blood and oxygen to the muscles with a lower HR. This 

allows the muscles to achieve higher work rates before they outstrip the available 

oxygen supply, developing skeletal muscle anaerobiosis. Furthermore, a higher 

LVD can determine a lower heart rate in processes such as the removal of products 

derived from metabolism, and the thermoregulation (Legaz et al., 2006). However, 

researches have paid little attention to the heart rate measured during an incremental 

treadmill test (Legaz et al., 2006). The present study showed that there was a 

negative correlation between the IAAF score and heart rate measured during an 

incremental treadmill test in both male and female athletes. That means a positive 

correlation exist between the race run time and HR. To our knowledge, only three 

studies have reported the association between the heart rate measured during an 

incremental treadmill test and running performance (Costill et al., 1973, Pate et al., 

1987, Legaz et al., 2006). Like the present study these authors found high positive 

correlations between submaximal heart rate and race run time in a homogeneous 

group of marathon (Legaz et al., 2006) in heterogeneous groups of middle distance 

(Pate et al., 1987) and long distance runners (Costill et al., 1973).    

8.3. Maximum Oxygen Uptake 

This part of the present study shows VO2max values of male and female runners of 

different performance levels (IAAF scores) to give other researchers and coaches a 

valid reference to compare their athletes and a better understanding of VO2max as a 

performance determinant. Results of the present study showed that, in runners with 



the different performance level in 800 and 1500meters, the VO2max increase 

progressively with running performance (IAAF score). 

 

The energy for 800-m running is available in over 60–70% of the aerobic 

metabolism (Duffield et al., 2005). Nevertheless, the success in 800 m running 

depends on an integrative contribution from aerobic and anaerobic systems 

(Spencer & Gastin, 2001). Thus, a successful runner may be capable of running at a 

relatively rapid speed while obtaining much of the necessary energy from the 

aerobic system, relying on a high VO2max and conversely, other runners can obtain 

the same performance sustaining major contributions from the anaerobic system 

while having lower VO2max. Aerobic metabolism contributes the greatest part of 

energy for 1500-m running (77–86%) (Spencer & Gastin, 2001). In agreement with 

the previous studies, for our athletes the race performance on this distance is greater 

for greater VO2max; therefore the aerobic metabolism is more important for the 

success in these distances.  

 

The involvement of the aerobic metabolism in the energy production is 

progressively increases from the 100 m to 1500 and 3000 m event. Therefore, it will 

be necessary that the VO2max is increased at the same rate. This supposition has 

been confirmed by Legaz and his colleagues (2007). Hence, if an athlete wants to 

cover a distance superior to the appropriate one according to her/his physiologic 

condition and to achieve an equivalent performance  in order to keep the same 

speed as a top-level athlete in that distance, he/she would have to achieve the 

greatest energy production of anaerobic way from the first seconds of the event. 

This would cause an excessively quick accumulation of lactate in muscle and blood, 

having to reduce the speed drastically before finishing the competition.  

 

Many researchers have attempted to explain how the variable VO2max can account 

for the vast majority of the variance in distance running performances. Similar to 

the present study a significant relationship between VO2max and running 

performance has been found in heterogeneous groups of runners. Nevertheless, 



different studies indicated that VO2max was found not to be a good predictor of 

performance in more homogeneous groups of runners, for example Bassett and 

Howley (2000) have reported that VO2max does not relate to endurance 

performance within groups that are homogeneous in terms of performance. Other 

studies highlighted a significant relationship between VO2max and middle and long 

distance running performance in homogeneous groups (Billat et al., 2001). A 

critical point of many of these studies concerns the interval of several weeks or 

months that elapsed from the measurement of the VO2max to the completion of the 

best track performance of the subject. Such delays are too long to obtain a 

considerable amount of meaningful performance data. These results were based on 

cross-sectional studies and, as such, the relationships were influenced by 

interindividual factors. This means that it could not be ascertained from these 

studies whether the VO2max in athletes was due to physical training or, conversely, 

if the propensity to athletic activity was secondary to the genetic predisposition to a 

high VO2max. Longitudinal studies showed that regularly performed aerobic 

exercise results in significant improvements in VO2max in sedentary subjects, in 

runners with low competitive levels and in elite runners during short term training 

and during one training season (Wilcox & Bulbulian, 1982). 

 

8.4. Pulmonary functions 

Measures of respiratory muscle strength and endurance, as well as selected lung 

capacities, were examined for correlation with performance in 800 and 1500 meters 

race. In the present study, significant negative relationships were found in 800 and 

1500 meters race times and values for VC, FVC and FEV1, in female and male 

runners. This suggested that higher lung volumes are negatively correlated with 

faster run times. There is one study in which running performance was correlated 

with pulmonary function measures (Kaufmann et al., 1974). In that study, 11 

marathon runners were measured for FVC, FEV1, TLC, FRC, RV, and RV/TLC 

ratio following a 26.2-mile marathon race. A significant negative relationship was 

found between marathon race finish and measures of FRC, RV, and RV/TLC ratio. 

This result suggests higher lung volumes are negatively related to running times.  



 

Research on pulmonary function and endurance event performance has yielded 

conflicting results. For example, Griffiths and McConnell (2007) reported 

inspiratory muscle training was largely associated with an improvement in rowing 

performance being accompanied by improvements in factors such as heart rate, and 

effort perception. In contrast, despite improvements in maximum expiratory 

pressure (PEmax) there were no discernable changes in any of the performance or 

physiological parameters measured in response to expiratory muscle training. 

Expiratory muscle training does not appear to result in any improvements in rowing 

performance  

It was further reported that inspiratory muscle training improved cycling time-trial 

performance to a greater extent than that observed in a sham training placebo group, 

and that this was accompanied by an increase in anaerobic work capacity (Johnson 

et al., 2007). Another study reported that pulmonary function improvements 

occurred in well-trained athletes after targeted respiratory training, and that these 

changes caused a 50% increase in cycle endurance time (Boutellier et al., 1992). In 

contrast, another study performed on well-trained athletes found that respiratory 

muscle training did not affect performance on a graded exercise challenge test 

(Inbar et al., 2000). 

 

In this study it was hypothesized that there would be a significant negative 

relationship between 800 and 1500 meters run time and measures of VC, FVC, 

FEV1, FEV1 % VC, PEF and PIF. There was a significant negative relationship 

between VC and race run time (r = -0.66 and -0.65) in female and male athletes 

respectively, FVC and running performance (r = -0.85 and r = -0.70) in female and 

male athletes respectively, and FEV1 and running performance (r = -0.80 and r = -

0.63) in female and male athletes respectively. The implication is that athletes may 

potentially improve their lung volumes and capacities and their running 

performance by targeted respiratory muscles training. This finding may be of 

interest to competitive athletes and coaches. 

 



Additional longitudinal research is needed to determine if respiratory training 

improves running times. The current study has shown that higher VC, FVC and 

FEV1 values are associated with faster times in an 800 and 1500 meters run. 

Furthermore, which respiratory training programs would best improve VC, FVC, 

FEV1 values? 

 

FVC values were 103.6% of predicted norms in men and 111.4% of predicted 

norms in women. These findings are consistent with a study performed on 101 male 

runners. In these subjects observed values were significantly (p<0.05) higher than 

predicted values for FVC, with the runners scoring at 104.5% to 113.8% of 

predicted scores. (Cordain et al., 1987). 

 

PEF values in the current study were found to be below age predicted norms for all 

subjects. Actual values for the men were 8.03 L/sec, which is 93% of the predicted 

value of 8.64 L/sec. In the women, actual values (6.95 L/sec) were 90% of 

predicted values (7.70 L/sec). These findings suggest that in these subjects, running 

may be associated with decreases in maximal expiratory flow.  

 

 

 

 

  

 

 

 

 

 

 

 



 

9. CONCLUSIONS AND RECOMMENDATIONS 
 

This study has assessed the relationship between skinfold thicknesses and running 

performance. It demonstrates that taking into account the sum of four skinfolds may 

provide a general assessment of the athlete. The sum of four skinfolds was related 

to performance. An important observation from the study is the apparent divergent 

association between upper limb, supra-iliac and sub-scapular skinfolds with running 

performance. On the basis of these findings, we believe it is essential that the 

anthropometric assessment of top- class athletes provides an evaluation of all 

skinfolds. The assessment of skinfolds values in the supra-iliac and sub-scapular 

regions may be a useful predictor of athletic performance. A longitudinal study is 

recommended to verify the influence of skinfolds thicknesses on running 

performance. 

 

The current study showed that there was a significant negative relationship between 

800 and 1500 meters run time with VC, FVC and FEV1which indicated that the 

higher lung volumes are associated with faster 800 and 1500 meters run times. 

Results from the present study strongly suggest that the intensity or severity of the 

sports engaged in by the athletes probably determines the extent of strengthening of 

the respiratory muscles with a resultant increase in the lung volumes. 

 

Differences in VO2max of runners with the different level of performance (IAAF 

scores) on these distances clearly indicate a contribution of VO2max or aerobic 

requirement on running performance. For 800 and 1500 meters distance, 

performances are proportional to VO2max. Furthermore, when comparing data from 

different studies, variation between performance and VO2max may also depend on 

the protocol and metabolic equipment used to assess VO2max. Then, with 

homogeneous groups of runners, VO2max alone generally may not be sufficient to 

categorize athlete’s performances. A future analysis with more data of VO2max in 



relation with the running performance level is considered necessary to verify these 

conclusions. 

 

 

Longitudinal assessments of physiological variables, including VO2max, pulmonary 

parameters, body composition, cardiac function, and distance running performance 

in the principal part of the season are necessary to determine the factors that 

contribute to successful running performance in elite athletes. 

 

This study illustrates and revisits some scientific areas and tools of 

cardiopulmonary function and body composition. There is significant relationship 

between selected lung functions, sum of skinfold thicknesses, heart rate, VO2max, 

and running performance. Coaches should add these variables in their present series 

of tests, to evaluate athlete’s performance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

10. REFERENCES  

Abe T, Brechue WF, Fujita S, Brown JB. (1998) Gender difference in FFM 
accumulation and architectural characteristics of muscle.  Medicine and Science in 
Sports and Exercise 30(7):1066-1070 

American College of Sports Medicine (1998) The recommended quantity and 
quality of exercise for developing and maintaining cardiorespiratory and muscular 
fitness, and flexibility in healthy adults. Med Sci Sports Exerc 30:975-91 

Armour J, Donnely PM, Bye PTP. (1993) The large lungs of elite swimmers: An 
increased alveolar number. Eur Respir Journal 6: 237–47 

Astrand PO, Rhyming I.  (1954) A nomogram for calculation of aerobic capacity 
(physical fitness) from pulse rate during submaximal work.  J Appl Physiol  7:218-
221 

Bale P, Bradbury D, Colley E. (1986) Anthropometric and training variables 
related to 10km running performance. British Journal of Sports Medicine 20:170-
173 

Bassett FA, Boulay MR. (2000) Specificity of treadmill and cycle ergometer tests 
in triathletes, runners, and cyclists. Eur J Appl Physiol  81: 214-221 
 
Bassett DR, Howley ET. (2000) Limiting factors for maximum oxygen uptake and 
determinants of endurance performance. Med Sci Sports Exerc 32: 70-84 
 
Bender PR, Martin BJ. (1985) Maximal ventilation after exhausting exercise. Med 
Sci Sports Exerc 17:164–167 
 
Blair SN, Kohl HW, Paffenbarger RS, Clark DG, Cooper KH, Gibbons LW. 
(1989) Physical fitness and all-cause mortality: a prospective study of healthy men 
and women. JAMA; 262:2395-2401 
 
Billat VL, Slawinski J, Bocquet V, Cassaing J, Koralsztein JP. (2001) Very 
short  
(15s–15s) interval training around the critical velocity allows middle-aged runners 
to maintain VO2max for 14 minutes. Int J Sports Med 22:201–208 
 



Billat V, Demarle A, Slawinski J, Paiva M, Koralsztein P. (2001) Physical and 
training characteristics of top-class marathon runners. Med Sci Sports Exerc 33: 
2089- 2097 
 
Billat VL, Mille-Hamard L, Demarle A, Koralsztein JP. (2002) Effect of 
training in humans on off- and on-transient oxygen uptake kinetics after severe 
exhausting intensity runs. Eur J Appl Physiol  87: 496–505 
 
Blomqvist CG, Saltin B. (1983) Cardiovascular adaptations to physical training. 
Annu Rev Physiol 45:169-189 
 
Bosch AN, Goslin BR, Noakes TD, Dennis SC. (1990) Physiological differences 
between black and white runners during a treadmill marathon.  Eur Jour  Appl  
Physl  61: 68-72 
 
Boulay MR, Simoneau IA, Lortie G, Bouchard C. (1997) Monitoring high-
intensity endurance exercise with heart rate and thresholds. Med Sci Sports Exerc 
29 (1):125-132 
 
Boutellier U, Buchel R, Kundert A, Spengler C. (1992) The respiratory system as 
an exercise limiting factor in normal trained subjects. Eur J Appl Physiol  63:347-
353 
 
Brodie DA. (1988) Techniques of measurement of body composition Part II. Sports 
Medicine 5: 74-98 
 
Castagna C, Abt G, D’Ottavio S. (2002) Relation between fitness tests and match 
performance in elite Italian soccer referees. J Strength Cond Res 16(2):231—235 
 
Claessens M, Claessens C, Claessens P, Henderieckx J, Claessens J. (2000) 
Importance of determining the percentage body fat in endurance-trained athletes. 
Indian Heart Journal  52: 307-314 
 
Clanton TL, Dixon GF, Drake J, Gadek JE. (1987) Effects of swim training on 
lung volumes and inspiratory muscle conditioning. J Appl Physiol 62: 39–46 
 
Coast RJ, Clifford PS, Henrich TW, Stray-Gundersen J, Johnson JR (1990) 
Maximal inspiratory pressure following maximal exercise in trained and untrained 
subjects. Med Sci Sports Exerc 22: 811–815 
 
Coggan AR, Abduljalil AM, Swanson SC (1993) Muscle metabolism during 
exercise in young and older untrained and endurance-trained men. J Appl Physiol 
75: 2125—2133 
 
Conley DL, Krahenbuhl GS. (1980) Running economy and distance running 
performance of highly trained athletes. Med  Sci  Sports  Exerc 12:357-360 



 
Cordain L, Glisan MS, Latin RW, Tucker A, Stager JM. (1987) Maximal 
respiratory pressures and pulmonary function in male runners. Br J Sports Med 
21:18-22 
 
Cordain L. (1990) Lung volumes and maximal respiratory pressures in collegiate 
swimmers aid runners. Res. Exerc Sporl  61: 70 – 77 
 
Cordain L, Tucker A, Moon D, Stager JM. (1990) Lung volumes and maximal 
respiratory pressures in collegiate swimmers and runners. Res  Q  Exerc  Sport 61: 
70–4.  
 
Costill DL, Thomason H, Robert E. (1973) Fractional Utilization of the Aerobic 
Capacity during Distance Running. Medicine and Science in Sports, 5: 248-252 
Coyle EF. (1995) Integration of the physiological factors determining endurance 
performance ability. Exerc Sport Sci Rev 23: 25-64 
 
Dempsy JA, Hanson PE, Mastenbrook SM. (1981) Arterial hypoxemia during 
heavy exercise in highly trained runners. Fed Proc 40: 93-97 
 
Dempsey JA., Hanson P, Henderson K. (1984) Exercise-induced arterial 
hypoxemia in healthy humans at sea-level. J Physiol  355: 161-175 
 
Dixon EM, Kamath MV, McCartney N,  Fallen, EL. (1992) Neural regulation of 
heart rate variability in endurance athletes & sedentary controls. Cardio Res 
26:713-719 
 
Duffield R, Dawson B, Goodman C. (2005) Energy system contribution to 400-
metre and 800-metre track running. J Sports Sci  23(3):299–307 
 
Dunbar CC, Goris C, Michielli DW, Kalinski MI. (1994) Accuracy and 
reproducibility of an exercise prescription based on ratings of perceived exertion for 
treadmill and cycle ergometer exercise. Percept Mot Skills 78: 1335-1344 
 
Ekblom B, Wilson G, Astrand PO. (1976) Central circulation during exercise 
after venesection and reinfusion of red blood cells. J Appl Physiol 40: 379–383 
 
Farrell PA, Wilmore JH, Coyle EE. (1979) Plasma lactate accumulation and 
distance running performance. Med Sci Sports 11: 338–344 
 
Fiocchi R, Fagard R, Staessen J, Vanhees L, Amery A. (1985) Atrioventricular 
block induced in an athlete by carotid baroreceptor stimulation. Am Heart J  109: 
1102-1104 
 
Fukuba Y, Whipp BJ. (1999). A metabolic limit on the ability to make up for lost 
time in endurance events. J Appl Physiol 87: 853-861 



 
Gayeski TEJ, Connett RJ, Honig CR.  (1987) Minimum intracellular PO2 for 
maximum cytochrome turnover in red muscle in situ.  Advanced Exper Med Biol 
200: 487-494 
 
Gilman MB, Wells CL (1993) The use of heart rates to monitor exercise intensity 
in relation to metabolic variables. Int J Sports Med 14: 339–344 
 
Glassford RG, Baycroft GH, Sedgwick AW, Macnab R. (1965) Comparison of 
maximal oxygen uptake values determined by predicted and actual methods. J Appl 
Physiol  20: 509-519 
 
Green JJ, Patla AE.  (1992) Maximal aerobic power: neuromuscular and 
metabolic considerations Med Sci  Sports Exerc 24: 38-46   
 
Graves JE, Pollock ML, Sparling PB. (1987) Body composition of elite female 
distance runners. Inr journal of Sport Med 8: 96- 102 
 
Griffiths AL, McConnell KA. (2007) The influence of inspiratory and expiratory 
muscle training upon rowing performance. Eur J Appl Physiol 99: 457–466 
 
Hagberg JM., (1988) Pulmonary function in young and older athletes and 
untrained men. J Appl  Physiol 65: 101-104 
 
Heath GW, Hagberg JM, Ehsani AA. (1981) A physiological comparison of 
young and older endurance athletes. J Appl Physiol 51(3): 634-640 
 
Hartung GH, Squires WG. (1982) Physiological measures and marathon running 
performance in young and middle-aged males.  Journal of sport Medicine and 
Fitness  
22: 366-370 
 
Hayano J, Sakakibara Y, Yamada M, Ohte N, Fujinami T, Yokoyama K. 
(1990) Decreased magnitude of heart rate spectral components in coronary disease: 
its relation to angiographic severity. Circulation 81:1217-1224 
 
Hue O, Le Gallais D, Boussana A, Chollet D, Pre´faut C. (2000) Performance 
level and cardiopulmonary response during a cycle- run trial. Int J Sports Med 
21:250–255 
 
Inbar O, Weiner P, Azgad Y, Rotstein A, Weinstein Y. (2000) Specific 
inspiratory muscle training in well-trained endurance athletes. Med Sci Sports Exerc 
32:1233-1237 
 
Jackson AS, Pollock ML. (1985) Practical assessment of body composition. The 
Physician and Sports medicine 13 (5): 76-90 



 
Jackson AS, Ross RM. (1996) Methods and limitations of assessing functional 
work capacity objectively. J Back & Musculoskeletal Rehab 6: 265-276 
 
James DV, Doust JH. (2000) Time to exhaustion during severe intensity running: 
response following a single bout of interval training. Eur J Appl Physiol 81:337–
345 
 
Johnson BD, Aaron EA, Babcock MA, Dempsey JA. (1996) Respiratory muscle 
fatigue during exercise: implications for performance. Med Sci Sports Exerc 
28:1129-1137 
 
Johnson MA, Sharpe GR, Brown PI. (2007) Inspiratory muscle training improves 
cycling time-trial performance and anaerobic work capacity but not critical power, 
Eur J Appl Physiol 101:761–770 
 
Joseph FN, Joann K, Darrick P, Angie R. (2001) Comparison of the Counting 
Talk Test and Heart Rate Reserve Methods for Estimating Exercise Intensity in 
Healthy Young Adults. JEPonline. 4 (4):15-22 
 
Joyner MJ. (2002) News brief: altitude training, erythropoietin, and blood doping. 
Exerc Sport Sci Rev 3: 97–98 
 
Karlsson J, Saltin B (1971) Diet, muscle glycogen and endurance performance. J 
Appl Physiol 31: 203-206 
 
Karvonen MJ, Kentala E, Mustala O. (1957) The effects of training on heart rate: 
a longitudinal study. Ann Med Exper Fenn 35(3):307-315 
 
Kanstrup I, Ekblom B. (1984) Blood volume and hemoglobin concentration as 
determinants of maximal aerobic power. Med Sci Sports Exerc 16:256–62 
 
Kaufmann DA, Swenson EW, Fencl J, Lucas A. (1974) Pulmonary function of 
marathon runners. Med Sci Sports Exerc 6:114-117 
 
Kenney LW. (1985) Parasympathetic control of resting heart rate: relationship to 
aerobic power. Med Sci Sports Exerc 17:451-455 
 
Kenney LW, Hodgson JL. (1985) Variables predictive of performance in elite 
middle.-distance runners. Br J Sports Med 19:207-209 
 
Kleiger RE, Miller JP, Bigger JT, Moss AJ. (1987) Decreased heart rate 
variability and its association with increased mortality after acute myocardial 
infarction. Am J Cardiol 59: 256-262 
 



Kohrt WM, Morgan DW, Bates B, Skinner J. (1987) Physiological responses of 
triathletes to maximal swimming, cycling, and running. Med Sci Sports Exerc 
19:51-55 
 
Kreider RB, Boone T, Thompson WR, Burke S, Cortes CW (1988) 
Cardiovascular and thermal responses of triathlon performance. Med Sci Sports 
Exerc 20:385-390 
 
Legaz-Arrese A, González-Carretero M, Lacambra-Blasco I. (2006) Adaptation 
of left ventricular morphology to long-term training in sprint- and endurance-
trained elite runners. Eur J Appl Physiol 96:740-746 
 
Legaz-Arrese A, Munguia-Izquierdoa D, Nuviala Nuvialaa A, Serveto-
Galindob O, Moliner Urdialesa D, Reverter Masíaa J. (2007) Average VO2max 
as a function of running performances on different distances. Science & Sports 22: 
43–49 
 
Maron MB, Hamilton LH, Maksud  MG. (1979) Alterations in pulmonary 
function consequent to competitive marathon running. Me. Sc. Sports Exer 11:244-
249 
 
Mattern CO, Gutilla MJ, Bright DL, (2003) Maximal lactate steady state declines 
during the aging process. J Appl Physiol 95 (6):2576-2582 
 
Mengesha and Mekonnen (1985) Spirometric Lung Function test in normal non 
smoking Ethiopian men and women. Thorax 40: 465-468 
 
Mitchell JH, Blomquist G. (1971) Maximal oxygen uptake. New England J Med 
284: 1018-1022 
 
Moffat RJ, Surina B, Golden B. (1984) Body composition and physiological 
characteristic of female high school gymnast. Research Quarterly 55: 80-84 
 
Muller E, Benko U, Raschner C, Schwameder H. (2000) Specific fitness training 
and testing in competitive sports. Med  Sci Sports  Exer 32(1): 216-220 
 
Nava S, Zanotti E, Rampulla C, Rossi A. (1992) Respiratory muscle fatigue does 
not limit exercise performance during moderate endurance run. J Sports Med 
Physical Fitness; 32:39-44 
 
O'Kroy JA, Coast JR. (1993) Effects of flow and resistive training on respiratory 
muscle endurance and strength. Respiration; 60: 279–83 
 
Okumoto T, Imoto T, Katsuta S, Wada M. (1996) Severe endurance training fails 
to change myosin heavy-chain distribution of diaphragm. Respir  Physiol. 104: 39–
43 



 
Olufeyi A. Adegoke, Arogundade O. (2002) The Effect of Chronic Exercise on 
Lung Function and Basal Metabolic Rate in Some Nigerian Athletes, African 
Journal of Biomedical Research: 5(1-2): 9-11 
 
O'Toole ML, Douglas PS (1995) Applied physiology of triathlon. Sports Med 
19:251-267 
 
Pate RR,  Sparling PB, Wilson GE, Cureton KJ, Miller BJ. (1987) 
Cardiorespiratory and metabolic responses to submaximal and maximal exercise in 
elite women distance runners. Int J Sports Med 8:91-95 
 
Peter RE, David RH, Kevin EF (2001) Inspiratory muscle performance in 
endurance athletes and sedentary subjects. Respirology  6: 95-104 
 
Poole DC, Gaesser GA (1985) Response of ventilatory and lactate thresholds to 
continuous and interval training. J Appl Physiol 58:1115–1121 
 
Powers SK, Coombes J, Demirel H (1997) Exercise training-induced changes in 
respiratory muscles. Sports Med 24:120–131 
 
Powers SK, Criswell D, Lieu FK, Dodd S, Silverman H. (1992) Diaphragmatic 
fiber type specific adaptation to endurance exercise. Respir  Physiol  89: 195–207 
 
Ready AE (1984) Physiological characteristics of male and female middle distance 
runners, Canadian Journal of Applied sport Sciences 9:70-77 
 
Riendeau RP, Welch BE, Crisp CE, Crowley LV, Griffin PE, Brockett JE. 
(1968) Relationship of body fat to motor fitness test scores. Research Quarterly, 
29:200-203 
 
Robinson EP, Kjeldqard JM. (1982) Improvement in ventilatory muscle functions 
with running. J Appl  Physlol 52: 1400-1405 
 
Rogers MA, Hagberg JM, Martin WH. (1990) Decline in VO2max with ageing in 
masters athletes and sedentary men. J Appl  Physiol 68:2195-2199 
 
Rubiano F, Nunez C, Heymsfield SB  (2000) A comparison of body composition 
techniques.  Annals New York Academy of Sciences 904:335-338 
 
Saltin B, Strange S. (1992) Maximal oxygen uptake: “old” and “new” arguments 
for a cardiovascular limitation. Med Sci Sports Exerc 24: 30–37 
 
Schabort EJ, Killian SC, Gibson CA, Hawley JA, Noakes TD. (2000) Prediction 
of triathlon race time from laboratory testing in national triathletes. Medicine and 
Science in Sports and Exercise; 32(4): 844-849. 



 
Segal KR, Gutin B, Presta E, Wang J, Van Itallie TB. (1985) Estimation of 
human body composition by electrical impedance methods: A comparative study. J 
of Appl Physiol 58: 1565-1571 
 
Sharkey BJ. (1988) Specificity of testing, Advances in sports medicine and fitness. 
Years Book Medical Publishers, Chicago, pp.25-43 
 
Siri, WE. (1956), "Gross Composition of the Body," in Advances in Biological and 
Medical Physics (Vol. IV) New York: Academic Press 
 
Sleivert GG, Rowlands DS. (1996) Physical and physiological factors associated 
with success in the triathlon. Sports Med 22: 8-18 
 
Spencer M, Gastin P. (2001) Energy system contribution during 200- to 1500-m 
running in highly trained athletes. Med Sci Sports Exerc 33:157–62 
 
Spiriev B. (1998) IAAF scoring tables of athletics. IAAF. URL 
ww.iaaf.org/newsfiles/22164.pdf 
 
Stewart AD, Hannan WJ. (2000) Prediction of fat and fat-free mass in male 
athletes using dual X-ray absorptiometry as the reference method. Jour Sport Sci 
18: 263-274 
 
Tanaka K, Mimura K, Kim HS, Kawabata T, Tajima M, Nakadomo F, Maeda 
K. (1989) Prerequisites in distance running performance of female runners. Annals 
Physiology Anthropology 8: 79-87 
 
Teresa LS, Joseph WP. (2004) Effect of Hydration State on Heart Rate-Based 
Estimates of VO2max. Journal of Exercise Physiology 7: 19-25 
 
Thomas RG, LaStayo PC, Hoppeler H. (1998) Exercise training in chronic 
hypoxia has no effect on ventilatory muscle function in humans. Respir  Physiol  
112: 195–202 
 
Twick W, Staal BJ, Brinknian MN, Kemper HC, Van Mechelen W.  (1998) 
Tracking of lung function parameters and the longitudinal relationship with 
lifestyle. Eur Resp J 12 (3): 627-34 
 
Warren, GL Cureton KJ.  (1989) Modeling the effect of alterations in 
hemoglobin concentration on VO2max. Med  Sci  Sports Exerc  21: 56-531 
 
Wassreman K, Gitt A, Weyde I, Eckel HE (1995) Lung function changes and 
exercise-induced ventilatory responses to external restive loads in normal subjects. 
Respiration; 62 (4): 177-84 
 



Weltman A, Snead D, Seip R, Schurrer R, Weltman J, Ruttand R, Rogol A 
(1990) Percentages of maximal heart rate, heart rate reserve and VO2max for 
determining endurance training intensity in male runners. Int J Sport Med 11:218-
222 
 
Wenger HA, Bell GI. (1986) The interactions of intensity, frequency, and duration 
of exercise training in altering cardiorespiratory fitness. Sports Medicine 3:346-356 
 
White JR. (1977) EKG changes using carotid artery for heart rate monitoring. Med 
Sci Sports 9:88-94 
 
WHO expert consultation (2004) Appropriate body-mass index for Asian 
populations and its implications for policy and intervention strategies. Lancet 157-
163 
 
Wilcox R, Bulbulian R. (1982) The effect of a cross-country season on running 
economy  Med Sci Sports Exer 14: 142-143  
 
William H. (1998) Heart rate variability and baroreceptor responsiveness to 
evaluate autonomic cardiovascular adaptations to exercise. JEPonline  1 (3): 34-42 
 
Wilmore JH, Behnke AR. (1969) An anthropometric estimation of body density 
and lean body weight in young men. J Appl Physiol 27: 25-31 
 
Wilmore JH, Buskirk ER, DiGirolamo M, & Lohman TG. (1986). Body 
composition: A round table. The Physician and Sports medicine, 14(3), 144-162 
 
Wilson TM, Tanaka H. (2000) Meta-analysis of the age-associated decline in 
maximal aerobic capacity in men: relation to training status. Am J Physiol Heart 
Circ Physiol 278: 829-834 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Annex I: INFORMED CONSENT FORM 
 
ADDIS ABABA UNIVERSITY, FACULTY OF MEDICINE 

1. Title of the project: A Study of the Correlation of Middle Distance athletics 

Performance with Cardiopulmonary Functions and Skinfold Thickness 
 

2. Significant of the study:  There is no study carried out so far to analyze the 

affiliation between pulmonary parameters, maximum aerobic capacity (VO2max), 

body fat percentage, heart rate and running performance.   

This study will: 

 Evaluate the relationship of those parameters with middle distance 

running performance. 



 Revisits previous findings of cardiopulmonary functions and skinfold 

thickness of middle distance runners and compare with my findings. 

 

3. Procedure: If the client agrees with the purpose of the project, a brief 

explanation will be offered by the principal investigator about the procedure of the 

recording. A pulmonary profile, Skinfold thickness, resting heart rate, heart rate for 

different exercise intensities will be compared with athlete’s current performance. 

In addition to that maximum aerobic capacity (VO2max) will be compared with 

athlete’s current performance. 

 

4. Period of data collection: The experiment will be conducted from April to July 

2007.  

 

5. Possible risks linked with this study: This study has no known unfavorable 

effect on your health and performance. Subjects will be checked to persuade they 

do not have an illness or disease precluding them from participation in pulmonary 

function testing. 

 

6. Compensations 

All client transportation and other expenses for the study will be covered by the 

investigator.  

 

7. Anonymity of participant’s information: anonymity shall be maintained and 

that every information will be kept confidential. 

 

Subjects are free to withdraw from the study at any time. 

 

This study is approved by the research committee of the Faculty of Medicine, Addis 

Ababa University.  

 
 
Research Committee 



 Name        Signature 
 
1. _________________________________  
 ______________________ 
 
2. _________________________________  
 ______________________ 
 
3. _________________________________  
 ______________________ 
 
 
 
Principal Investigator 
 
 Name        Signature 
 
___________________________________  
 ______________________ 
 
 
 
Participant  
 
 Name        Signature 
 
___________________________________  
 ______________________ 
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Annex II: QUESTIONNAIRE AND FORMAT DESIGN FOR DATA  

COLLECTION 



Addis Ababa University 

Faculty of medicine 

Department of physiology 

 

Date of data collection: ______________________________________ 

Subject’s code:  ______________________________________ 

 

 PART I. Socio Demographic Data 

 

A. Age:   ___________________  

 

B. Sex:    1. Male 

    2. Female 

 

C. Marital status:  1. Single    2. Married  

    3. Divorced    4. Widowed 

 

E. Place of birth:  ______________________________________ 

 

 

 

 

 

 

 

 

 

 

 

PART II. Format for Measurable Data 

1. Anthropometric data 



 Height 

 Weight 

 Body mass Index (BMI) 

2. Body Fat  

Skin-fold thickness measurements at  

 Biceps      Triceps  

 Sub-scapular    Supra-iliac 

 Calculated body fat percentage ____________________________  

3. Pulmonary profile 

  

Vital capacity, VC  

Forced expiratory vital capacity, FVC  

Forced expiratory volume after1 sec, FEV1  

FEV1 in % of maximal vital capacity,FEV1 % VC  

Maximum expiratory flow, PEF  

Maximum expiratory flow at 25% of maximal VC, MEF25  

Maximum expiratory flow at 50% of maximal VC, MEF50  

Maximum expiratory flow at 75% of maximal VC, MEF75  

Mean maximum expiratory flow b/n 25% and 75% of FVC, MMEF  

Maximum inspiratory flow, PIF   

 

 

 

 

 

 

 

 

 

4. Heart rate  



Resting Heart Rate  

Heart Rate during warming up (V = 10 km/hr, S = 0%)  

Heart Rate at level 1 (V = 14 km/hr, S = 0%)  

Heart Rate at level 2 (V = 14 km/hr, S = 2.5%)  

Heart Rate at level 3 (V = 14 km/hr, S = 5.0%)  

Heart Rate at level 4 (V = 14 km/hr, S = 7.5%)  

Heart Rate at level 5 (V = 14 km/hr, S = 10%)  

Heart Rate at level 6 (V = 14 km/hr, S = 12.5%)  

% Maximum HR   

 

5. Maximum aerobic capacity (VO2max)    

 ____________________ (L/min) 

 ____________________ (ml/min/kg) 

 

6. Current Performance ________________________ 

 

 

 

 

 

 

 

 

 

 

 

 

 

Annex III: IAAF scoring Table for male 1500 meter runners 
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