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NUTRITIONAL HABITS IN BODY COMPOSITION, 
SOMATOTYPE, PHYSICAL ACTIVITY, AND 

CARDIORESPIRATORY FITNESS IN MALE AND 
FEMALE PHYSICAL EDUCATION STUDENTS 

R. M. Philippaerts, A. L. Claessens, J. M. ten Brinke, 
D. G. van der Scheer, G. P. Beunen and J. A. V. Lefevre 

Faculty of Physical Education and Physiotherapy, 
Katholieke Universiteit Leuven, Belgium 

ABSTRACT 

The aims of this study were: (1) to describe nutritional habits, physical 
activity, cardiorespiratory fitness, body composition and somatotype 
in physical education students; (2) to examine differences between 
male and female students; (3) to explore the relationship between nu
tritional habits, and physical activity, cardiorespiratory fitness, body 
composition and somatotype. The subjects were 34 male and 30 fe
male, second year Physical Education Students at the Katholieke Uni

versiteit Leuven, Belgium, with chronological ages of 20.9 ± 0.9 years 
and 20.2 ±1.0 years respectively. Anthropometric variables (body 
mass, stature, and 5 skinfolds) were measured. Body composition 
(percent body fat and fat free mass) was estimated by means of a pre
diction formula. Somatotype, physical activity and cardiorespiratory 
fitness dimensions were assessed. The dietary history method was 
used to assess nutritional habits. The students had slightly lower body 
fat percent, and they were more mesomorphic and less endomorphic 
than average young adults. Males have significantly (p < 0.01) higher 
body mass, stature, and fat free mass and lower percent body fat, and 
sum of skinfolds than females. Males and females differed signifi
cantly (p < 0.001) in somatotype, males were more mesomorphic and 
less endomorphic. In males, the average total daily energy intake was 
rather high (4332 ±1172 kcal), but in females the intake was average 
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(2321 ±596 kcal). The intake of protein was for both male (13.1 ± 
2.3 E%) and female (14.4 ± 2.0 E%) according to the recommended 
amounts, but significantly higher (p < 0.05) in female students. The 
intake of fat (in males 35.5 ± 7.6 E% and in females 35.2 ± 6.5 E%) 
was quite high and intake of carbohydrates (in males 51.4 ±7.5 E% 
and in females 50.4 ± 6.0 E%) was low. The low carbohydrate intake 
is remarkable, especially because they are even lower than the rec
ommendations for sedentary people. Comparing energy intake and 
total energy expenditure, it seems that male students had a positive 
energy balance and female students a negative energy balance. It was 
also shown that males had a higher rate of physical activity level than 
females, due to a higher degree of physical activity during leisure 
time. Only in males a significant correlation was found between pro
portions of fat and carbohydrate intake (resp. positive and negative) 
and percentage body fat, fat mass, and endomorphy. 

KEY WORDS: Nutritional habits, Body composition, Somatotype, 
Physical activity, Cardiorespiratory fitness 

INTRODUCTION 

Among sports participants there is a growing interest in the relation
ships between nutrition and sports performance. It is clear that a bal
anced diet is a basic condition for optimal athletic performance, fast 
recovery after physical strain, and avoidance of health-related risks. 
Both nutrition and physical activity have an impact on body composi
tion. An adequate diet, in terms of quantity and quality, and mainte
nance of energy balance will maximize performance [331. 

The influence of physical activity on percent body fat is clearly no
table when looking at the differences between athletes and sedentary 
people. Regular physical activity is an important factor in the regula
tion of body weight. Regular training generally results in a decrease in 
fatness and an increase in fat free mass. Although there is consider
able variability in body composition among the different types of ath
letes, generally athletes have lower body fat percentages than non-ath
letes. The magnitude of changes in body composition with regular 
training varies with the type, intensity, and duration of the pro
gram [12, 14, 20, 35]. 
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Physical performance and success in sport are positively related to 
a specific somatotype. To some extent it is possible to change somato
type by diet and training into a somatotype that is more optimal for a 
specific sport. Most sports top level athletes are more mesomorphic 
and less endomorphic than non-athlete reference groups. Also impor
tant differences in somatotype can be found between males and fe
males. In general females are more endomorphic and less mesomor
phic than males, and relatively close in ectomorphy. These differences 
are due to genetic factors, dietary pattern, physical activity, and other 
socio-cultural or environmental factors [6]. 

A large variety of studies have yielded much useful information 
about the relationship between physical activity and body composition 
and about the influence of nutrition on body composition. Also spe
cific information about the best composition of the athletes diet has 
become available in the last two decades [13, 17, 25, 34, 36]. In physi
cal education, students anthropometric, body composition, and soma
totype characteristics have been studied [6, 8, 16]. However, the avail
able literature about nutrition and the relationship with both physical 
activity and body composition is limited and studies about nutritional 
habits in physical education students are totally lacking. These stu
dents participate in all kind of sports and they have a high energy ex
penditure and because of the growing interest in the links between 
nutrition and sports performance, it is important for these sports stu
dents to pay more attention to nutritional habits. 

Therefore, the aims of this study are: (1) to describe nutritional 
habits, physical activity, cardiorespiratory fitness, body composition 
and somatotype in physical education students; (2) to examine if there 
are differences between male and female students; (3) to explore the 
relationship between nutritional habits, and physical activity, cardio
respiratory fitness, body composition and somatotype in this specific 
population and to examine if the observed trends are the same in 
males and females. 
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MATERIALS AND METHODS 

Subjects 

The subjects were 34 male and 30 female, second year Physical Edu
cation Students from the Katholieke Universiteit Leuven, Belgium. 
Chronological age of the students varied for the males between 19.2 
and 24.0 years, with a mean of 20.9 ± 0.9 years and for the females 
between 19.2 and 23.0 years, with a mean of 20.2 ± 1.0 years. 

Anthropometry, Body Composition, and Somatotype 

To determine body size, body mass was measured with a beam bal
ance accurate to 0.1 kg and stature was measured with the Harpenden 
wall stadiometer (Holtain Ltd., Crosswell, Crymmych, Dyfed, Wales). 
Body Mass Index (BMI) was calculated from body mass and stature. 
The triceps (TRSK), suprailiac (SISK), subscapular (SSSK), thigh 
(THSK) and medial calf (CASK) skinfolds were measured. Measure
ments were taken on the left side of the body. Skinfolds were taken 
twice with a Harpenden skinfold caliper. When a difference between 
the two trials was more than 10%, a third measurement was taken. The 
mean of all trials was taken as the final value for the particular skin
fold. Sum of five skinfolds (SUM5) was calculated from TRSK, 
SISK, SSSK, THSK, and CASK. Biceps and calf girths were meas
ured with a steel tape (Harpenden) accurate to 1 mm, and humerus and 
femur breadths were measured with a spreading caliper (manufactured 
by Siber Hegner, Zürich) accurate to 1 mm. All measurements were 
taken by experienced observers (JTB, DVDS and ALC). Detailed de
scriptions of all anthropometric procedures are given in Ciaessens et 
al. [7]. 

Somatotype was estimated by the anthropometric method of Heath-
Carter [6] to obtain an overall description of body shape. 

Percent body fat (FAT%) was calculated from density using Siri's 
formula [28], where body density was estimated with the sex and age 
specific prediction equations according to Durnin and Womersley 
[10]. Fat mass (FM) was calculated from percent body fat (FAT%) 
and body mass, and fat free mass (FFM) was calculated as body mass 
minus fat mass (FM). 
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Physical Activity 

Habitual physical activity over the proceeding year was assessed by an 
adopted version of the structured questionnaire and coding table of 
Reiff and co-workers [23]. This implied a translation and an adjust
ment of the original protocol. The adjustment of the questionnaire was 
made in the leisure time supplement. Participation in sports activities 
during leisure time was estimated using a standardized questionnaire 
with the same retrospective approach [24]. It covered three aspects of 
sport participation: type of sport activities, diversity of sport activities, 
and the amount of time spent on each activity (calculation of hours per 
week over a 1 -year period). A fourth aspect, i.e. the organizational 
context of sport involvement (in a club, at school, in the family, 
alone), was also asked. Total habitual physical activity of the proceed
ing year was reduced to an average week and to an average day of the 
week. Instructions were given to the students how to fill up the ques
tionnaire, and the questionnaires were checked and corrected if neces
sary. The group studied was quite homogeneous concerning physical 
activity because during the day at the Faculty of Physical Education 
and Physiotherapy the activity level was the same for every subject. 
Thus the variation in total activity depended on the activity in their 
leisure-time. Total activity was calculated as follows. Because basal 
metabolic rate (BMR) is fairly close to 1 kcal.kg_1lf', each activity is 
expressed as multiples of BMR. Each activity index reflects the ratio 
of work metabolic rate (WMR) to BMR. Total energy expenditure 
(TEE in kcal per day) was calculated as: 

WMRZBMR * body mass (kg)* 24 (h) 

Cardiorespiratory Fitness 

Cardiorespiratory fitness was assessed by means of the Leger en
durance shuttle run test as described in the Eurofit Manual [9]. This 
endurance test has been validated and approved to be a good field test 
to predict maximal oxygen uptake (V02max) [18]. However, cardio
respiratory fitness was expressed in minutes (ESHR) the subjects sus
tained running the programmed pace. 
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Nutritional Intake 

Dietary intake was assessed by interviewing the subjects about their 
usual food intake by means of a structured dietary history question
naire. This method is often used in epidemiological studies because it 
is possible to obtain an estimate of usual diet in one interview, al
though quantitative estimation of intake of all nutrients is not possi
ble [4]. Subjects were asked to estimate their food intake during an 
average day (24 h-recall) at 7 different moments (before breakfast, 
breakfast, morning snacks, lunch, afternoon snacks, dinner, and even
ing snacks) of the day and to mention brand names and cooking 
recipes. No difference was made between weekdays and weekend 
days. Food consumption was converted into macro nutrients using a 
computer program based on a nutrient file from the Dutch food ta
ble [30] and total energy intake (TEI) and proportions of energy intake 
(E%) as protein, fat and carbohydrates were calculated. Proportion of 
fat intake was further divided into saturated, mono-unsaturated and 
poly-unsaturated fat and carbohydrates intake was divided into 
mono/di-saccharides and polysaccharides. The macro nutrients ex
pressed in proportions of energy intake were compared to the amounts 
recommended for an average population by the Dutch Nutrition 
Council [31]. The recommendations were taken from the Dutch 
Nutrition Council instead of the Belgian because of two reasons. First, 
the Dutch food table is more comprehensive than the Belgian food 
table. Second, dietary habits in the Dutch and Flemish population are 
quite similar. 

Statistical Analysis 

Descriptive statistics (means and standard deviations) were calculated 
for each variable within both sexes. Student's t-test was used to verify 
differences between male and female physical education students. 
Pearson's correlation coefficients were determined to explore rela
tions. All calculations were carried out using SAS procedures [26]. 
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RESULTS 

Anthropometry, Body Composition, and Somatotype 

Descriptive characteristics of the subjects are shown in Table 1. 

Table 1. Means, standard deviations (Mean and SD), t-test for an
thropometric, body composition, and somatotype characteristics 
in Physical Education Students (N = 64) 

MALES (n = 34) FEMALES (n = 30) 
t-value Mean SD Mean SD t-value 

Age (years) 20.9 0.9 20.2 1.0 2.6* 
Body mass (kg) 74.7 8.6 59.8 7.1 7.5** 
Stature (cm) 180.2 6.1 164.7 4.7 11.2** 
BMI(kg/m2) 23.0 1.9 22.0 2.1 1.9 
Calf girth(cm) 37.5 2.1 35.8 2.0 3.4** 
Biceps girth(cm) 31.8 1.8 27.9 2.4 7.4** 
Hum.breadth(cm) 7.1 0.4 6.2 0.2 10.6** 
Fem.breadth(cm) 9.7 0.4 8.6 0.4 12.7** 
TRSK(mm) 8.1 3.1 13.7 4.1 -6.3** 
SSSK(mm) 10.1 2.7 10.9 3.0 -1.2 
SISK(mm) 7.8 3.3 13.3 4.5 -5.6** 
THSK(mm) 12.2 4.5 23.8 6.3 -8.5** 
CASK(mm) 7.7 3.2 15.3 5.9 -6.3** 
SUM5(mm) 45.9 14.4 77.1 19.2 -7.4** 
FAT%(%) 12.1 3.2 24.4 4.1 -13.3** 
FM(kg) 9.3 3.3 14.8 4.0 -6.0** 
FFM(kg) 65.5 6.4 45.0 3.8 15.6** 
Endomorphy 2.4 0.8 4.0 1.0 -6.5** 
Mesomorphy 4.5 0.8 3.9 0.9 3.0** 
Ectomorphy 2.8 0.9 2.3 1.0 1.9 
TEE(kcalZday) 3735 498 2717 422 8.6** 
WMR/BMR 2.1 0.3 1.9 0.2 3.3** 
ESHR(min) 11.0 1.4 7.6 1.4 9 ] ** 

* p < 0.05 
**p<0.01 

Males and females were approximately of the same age and had a 
similar body mass index. Body mass and stature were significantly 
(p < 0.01) higher in males, they were 14.9 kg heavier and 15.5 cm 
taller than females. Body Mass Index was 23.0 ± 1.9 for the males and 
22.0 ± 2.1 kg/m2 for the females. This difference was not significant. 
Calf and biceps girths, and humerus and femur breadths were signifi
cantly (p < 0.01) higher in males. All skinfolds, except subscapular, 
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were significantly (p < 0.01) thicker in females. The significant differ
ence (p < 0.01) between males (45.9 mm) and females (77.1 mm) in 
SUM5 was 31.2 mm. Percent body fat (FAT%) and fat mass (FM) 
were significantly (p < 0.01) lower in males (12.3% and 5.5 kg respec
tively), whereas fat free mass (FFM) was significantly (p < 0.01) 
higher (20.5 kg). 

Descriptive statistics for somatotype components are also given in 
Table 1. The mean somatotype of the male students was 2.4 / 4.5 / 2.8 
and of the female students 4.0 / 3.9 / 2.3. The females differed signifi
cantly (p < 0.01) in endomorphic and mesomorphic values compared 
to males. No significant difference was found in ectomorphy. Figure 1 
provides a visual representation of the somatotype distribution of the 
male and female physical education students on the somatochart. 

Males (n=31) Females (n=30) 
mean meso meso 

Figure 1. Individual somatoplots of male (left) and female (right) physical 
education students. 

The somatotype distributions of the males showed fairly consistent 
patterns of dominant and moderately high mesomorphy. The majority 
of the female somatotypes were meso-endomorphs, with distributions 
clustered around the ectomorphic axis northwest of the somatochart 
centre. 
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Physical Activity and Cardiorespiratory Fitness 

The results of the assessment of physical activity and cardiorespira
tory fitness are also summarized in Table 1. 

The total energy expenditure was significantly (p < 0.01) higher in 
males (3735 ± 498 kcal/day) than in females (2717 ±432 kcal/day). 
The work-to-basal metabolic ratio (WMR/BMR) varied between 1.7 
and 2.8 with a mean of 2.1 for the males and between 1.6 and 2.3 with 
a mean of 1.9 for the females. This difference in physical activity be
tween males and females was significant (p < 0.01). 

Cardiorespiratory fitness, assessed by means of an endurance 
shuttle run test (ESHR), was significantly (p < 0.01) higher in the 
male students. These students could sustain the test 11 minutes (range 
8-13 min) with a maximal speed of 13.5 ±0.7 km/h. For the females 
these variables were respectively 7.6 minutes (range 4—10 min), and 
11.8 ± 0.7 km/h (maximal speed is not shown in the table). 

Nutritional Habits 

The results of the dietary history are shown in Table 2. 

Table 2. Means, standard deviations (Mean and SD), t-test for average 
total daily energy intake (TEI) and the macro-nutrients ex
pressed in proportions of energy intake (E%) in Physical Educa
tion Students 

MALES (n = 34) FEMALES (n = 30) 
t-value Mean SD Mean SD t-value 

TEI(kcal) 4332 1172 2321 596 8.8* 
PROTEIN (E%) 13.1 2.3 14.4 2.0 -2.3* 
FAT(E%) 35.5 7.6 35.2 6.5 0.2 
- saturated 15.2 3.4 15.6 2.6 -0.5 
- mono-unsaturated 13.4 3.4 13.7 2.9 -0.3 
- poly-unsaturated 6.0 2.2 5.2 1.3 1.7 

CARBOHYDRATES 
(E%) 51.4 7.5 50.4 6.0 0.6 

-mono/di saccharides 24.8 7.2 24.0 5.9 0.5 
-polysaccharides 26.2 5.9 26.6 4.9 -0.3 

* p < 0.05 
** pcO.Ol 
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The average total daily energy intake for males was 4332 ± 
1172 kcal and for females 2321 ± 596 kcal. This difference was highly 
significant (p < 0.01). The intake of macronutrients in proportions of 
energy intake were quite similar between males and females. Only the 
proportion of protein intake in females was slightly higher (p < 0.05). 

Relationship Between Nutrition and Body Composition, So
matotype, Physical Activity and Cardiorespiratory Fitness 

Table 3. Correlations between nutritional habits (average Total Daily 
Energy Intake (TEI), and the macro-nutrients expressed in 
proportions of energy intake (E%), and anthropometric, body 
composition, somatotype, physical activity and cardiorespira
tory fitness characteristics in male (n = 34) and female (n = 30) 
Physical Education Students. 

TEI PROTEIN FAT CARBOHY
DRATE 

Males Fe Males Fe Males Fe Males Fe
males males males males 

Body mass -0.02 0.14 0.12 -0.15 -0.01 0.08 -0.02 -0.03 
Stature 0.14 0.23 0.07 -0.07 -0.14 -0.04 0.12 0.06 
BMI -0.13 0.04 0.08 -0.15 0.07 0.13 -0.09 -0.09 
Calf girth -0.09 0.14 0.17 -0.17 -0.12 0.3 0.07 -0.3 
Biceps girth -0.04 0.09 0.09 -0.17 -0.11 0.08 0.09 -0.02 
Hum.breadth 0.10 -0.10 0.06 -0.15 -0.12 0.04 0.08 0.00 
Fem.breadth 0.26 0.04 -0.07 -0.01 -0.06 -0.02 0.10 0.02 
SUMS -0.05 0.08 -0.05 -0.14 0.3 -0.04 -0.29 0.09 
FAT% -0.09 0.01 -0.03 -0.13 0.4* 0.01 -0.4* 0.03 
FM -0.11 0.05 0.02 -0.11 0.3 0.01 -0.33* 0.02 
FFM 0.03 0.22 0.14 -0.16 -0.18 0.13 0.14 -0.09 
Endomorphy -0.12 -0.01 -0.04 -0.08 0.4* -0.03 -0.4* 0.06 
Mesomorthy -0.03 -0.09 0.09 -0.13 -0.04 0.18 0.01 -0.15 
Ectomorphy 0.18 0.01 -0.05 0.16 -0.12 -0.16 0.14 0.11 
TEE 0.11 0.33 0.04 -0.27 -0.05 0.13 0.04 -0.05 
WMR/BMR 0.18 0.36 -0.09 -0.26 0.03 0.11 -0.00 -0.03 
ES HR 0.07 0.06 0.28 -.09 -0.25 -0.07 0.18 0.10 

* p < 0.05 
** p < 0.01 

Table 3 gives the correlations between the variables related to nutri
tion and anthropometry, body composition, somatotype, physical ac
tivity, and cardiorespiratory fitness for male and female students 
separately. In male students most of the correlations were not signifi

14 



cant. Only fat intake (in E%) was significantly positively related to 
FAT% and endomo hy. Also correlations between carbohydrate in
take (in E%) and FAT%, FM and endomorphy were significant, but 
negative. Correlations between fat and carbohydrate intake (in E%) 
and FFM were not significant. In female students no correlation was 
significant. However, in females all correlations with protein intake 
(in E%) were negative. Only the correlation between protein intake (in 
E%) and ectomorphy was positive. 

DISCUSSION AND CONCLUSIONS 

The group studied had normal values for body mass, stature and BMI 
compared with average young adults (20-25 years) [14]. Average per
cent body fat in young males is 18% and in young females is 28% 
[14], so this is slightly higher than found in the physical education 
students in this study (12.1% and 24.4% respectively). 

The male and female students differed significantly concerning 
body mass, stature and percent body fat. Gualdi Russo et al. [16]. also 
found that skinfolds were thicker in female sports students than in 
their male counterparts.This correspondences, of course, to what is 
found in the general population. For both males and females BMI fell 
into the category (20.0-24.9 kg/m2) of normal weight according to 
Garrow [15]. 

In their overview Carter and Heath [6] reported somatotype data 
for various populations. Somatotype components for both males and 
females in the present study were similar to the mean values that were 
found in physical education students in other countries. In comparison 
with an average population and other students, it was also found that 
physical education students were more mesomorphic and less endo
morphic. Although this swing towards the north easterly direction is 
obvious, it is even more pronounced in athletes. 

In general, in a given population, females are more endomorphic 
and less mesomorphic than males, and relatively close in ectomorphy 
[6]. This was also found in this study, where the most pronounced 
differences between males and females were found in endomorphy 
(p <0.01) and mesomorphy (p < 0.05). 

The average total daily energy intake of 4332 ± 1172 kcal in males 
seems to be very high compared to a population of the same age and 
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sex, who are moderately active. Generally, a daily energy intake be
tween 2600 and 3300 kcal is recommended for moderately active to 
active men. The average total daily energy intake of 2321 ± 596 kcal 
in females was closer to the recommended of 2050 ± 2750 kcal for 
moderately active to active women [32]. 

The macro-nutrients in proportions of energy intake (E%) were 
compared to the amounts recommended for an average population by 
the Dutch Nutrition Council [31]. The intake of protein was for both 
males (13.1 ± 2.3E%) and females (14.4 ± 2.0E%) according to the re
commended amounts (10-15E%), but the intake of fat (35.5 ± 7.6E% 
in males 35.2 ± 6.5E% in females) was quite high, because the intake 
is recommended to be between 30-35 E%. The intake of carbohy
drates (51.4 ± 7.5E% in males and 50.4 ± 6.0E% in females) was low 
considered to the recommended intake of more than 55E% for seden
tary people. The recommendations for sports participants are even 
higher (> 60% of the diet should be carbohydrates) [25], so the low 
carbohydrate intake of the physical education students is remarkable, 
because it should be expected that on the average their carbohydrate 
intake lie between 55 and 60E%. The natural fats in a diet can be ei
ther saturated, mono-unsaturated or poly-unsaturated. It is recom
mended that the diet should contain these separate types of fat in a 
proportion of 1:1:1. For the students this proportion turned out to be 
3:2:1, so their diet contained too many saturated and too few poly-un
saturated fats. There are also two types of carbohydrates, mono/di-sac-
charides and polysaccharides, of which poly-saccharides are pref
erable. The amount of mono/di-saccharides should be between 15-
25E%. The diet of the male students contained 24.8 ± 7.2E% sugars 
and that of the females 24.0 ± 5.9E%. In this situation, there is an ex
tra need for carbohydrates as polysaccharides. However the solution 
of the problem is not an extra need for polysaccharides but an altera
tion in eating behaviour: less saturated fats and a better proportion of 
the different saccharides. 

Total energy expenditure (TEE) was lower than total energy intake 
(TEI) for the males. For the females total energy expenditure was 
higher than the intake. These findings suggest the existence of a posi
tive energy balance for the male students and a negative energy bal
ance for the females. Baecke et al. [3] studied food consumption, ha
bitual physical activity, and body fatness in young Dutch adults, and 
they found similar patterns in food consumption as in the present 
study. They also found a positive energy balance in males. The reason 
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for discrepancy between energy intake and energy expenditure could 
have many causes. First,the methods used to estimate physical activity 
and dietary intake have both their limitations. Assessment of physical 
activity by means of a questionnaire and appropriate coding tables 
provides only a rough estimation of the real physical activity. A com
mon problem faced by researchers is the coding of physical activities 
by type and by intensity. It is important to have an all-inclusive coding 
system, and even then, there are several factors that may limit the use 
a questionnaire for determining the precise energy cost of physical 
activity. But a questionnaire can be very useful to indicate relations 
between physical activity and measures of caloric intake, physiologi
cal fitness and health status [2, 21]. The dietary history method in
cludes errors in the amount of food eaten, reporting error, coding er
rors and errors in food tables [4, 11]. Secondly, it is suspected that 
some individuals tend to generally under-or overestimate their food 
intake. Especially in females and obese persons the phenomenon of 
underestimation of energy intake is often seen [19, 22, 27]. 

Work-to-basal metabolic ratio (WMR/BMR) was significantly 
higher in males compared to females, so the males were more active in 
their leisure-time, because week program (practical and theoretical 
lessons) at the Faculty of Physical Education and Physiotherapy was 
the same for every subject. Also performance in endurance shuttle run 
(ESHR in min.) was significantly better in males, but this was ex
pected due to the sex difference. However a slightly significant corre
lation (r = 0.34 with p < 0.1) was found between ESHR and 
WMR/BMR in males and not in females. It seems that the male stu
dents benefit more by the higher activity level during leisure time. 
This is in agreement with the general accepted thesis that training, 
with sufficient frequency, intensity, and duration, benefits fitness [1, 
20, 30]. 

Poor relationship was found between nutritional habits (energy in
take and proportions of intake) and anthropometric, body composition, 
somatotype, physical activity, and cardiorespiratory fitness variables. 
Higher correlations, but not significant, were found between TEI, 
TEE, and WMR/BMR in both sexes. Thus it might be postulated that 
average total daily energy intake is positively related to physical 
activity. However, correlations between average total daily energy 
intake and cardiorespiratory fitness in male and female students were 
low. Probably this is due to the homogenity of the two groups. Also 
outcome of dietary intake by history method needs to be regarded with 
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caution [4, 11, 22, 27]. Nevertheless, protein intake (inE%) was 
slightly higher in females than in males but still according to the rec
ommended amounts. Protein requirements may be slightly elevated 
due to exercise, be it endurance or resistance exercise. The magnitude 
of the elevation depends on the intensity of the program and the en
ergy balance attained [5]. Maybe there is a slight change in eating be
haviour in female students because of the study curriculum. Since the 
male students had already a higher degree of physical activity during 
leisure time, it seems normal higher protein intake only occurred in 
the female students. Only in male students fat and carbohydrate intake 
(in E%) was significantly related (p < 0.05) to FAT%, FM, and endo
morphy, resp. positive and negative. This was not found in female 
students. It seems that male physical education students are more li
able to fat and carbohydrate intake than their female colleagues. 

In conclusion, this study yielded information about nutritional hab
its, physical fitness, body composition and somatotype in physical 
education students. The students had slightly lower body fat percent, 
and they were more mesomorphic and less endomorphic than average 
young adults. Male students had a high daily energy intake, and both 
males and females had a high proportion of fat intake and a low pro
portion of carbohydrate intake. Compared to the general Dutch popu
lation, the energy intake of physical education students is closer to the 
recommendations of the Dutch Nutrition Council, but there is good 
evidence that the proportion of fat intake is still too high, especially 
for this moderately active or active young adults. Proportion of protein 
intake was according to the recommended amounts, but female stu
dents had a slightly higher protein intake than the male students. 
Comparing energy intake and energy expenditure, it seems that male 
students had a positive energy balance and female students a negative 
energy balance. It was also shown that males had a higher rate of 
physical activity level than females because of higher activity during 
leisure time. Average total daily energy intake was positively related 
to physical activity in both sexes. Only in male students, the 'fat' com
ponent was positively related to fat intake and negatively related to 
carbohydrate intake. 
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SIGNIFICANCE OF HORMONAL METABOLIC 
CONTROL IN SPORTS PERFORMANCE 

A. Viru, T. Smirnova and M. Viru 
Institute of Exercise Biology, University of Tartu, Tartu, Estonia 

ABSTRACT 

Results regarding the contribution of hormonal metabolic control in 
exercise performance are reviewed. The essential role of honnonal 
metabolic control in sports performance is most convincingly evi
denced in (1) contribution of adrenalin in muscle glycogenolysis, 
(2) correlated influences of several hormones in control of lipolysis, 
and (3) action of glucocorticoids ensuring performance in prolonged 
exercises. In addition, rather suggestive is the dose-depending influ
ence of triiodothyronine on the capacity for prolonged exercise per
formance. 

KEY WORDS: Hormones, Sport performance 

INTRODUCTION 

A great body of results are obtained on hormonal responses to various 
exercises and training effects on these responses [15, 16, 57, 60]. The 
significance of exercise-induced hormonal responses in metabolic 
control during exercise are explored with the aid of special experi
ments [15, 16, 58, 60]. Nevertheless, it is not a simple task to establish 
links between endocrine functions and exercise performance capaci
ties. The present brief review is aimed to discuss this problem and 
indicate further tasks to establish the endocrine foundations of exer
cise performance. 
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ACTION OF DEFICIENCY AND EXCESS OF HORMONES 

Almost all endocrine disturbances induce impaired physical working 
capacity, independently of whether they are caused by pathological 
processes or called forth experimentally. The aggravating effects of 
hormone deficiencies are, at least partially, abolished by adequate sub
stitute treatment (see for reference [58]). Nevertheless, this is not a 
sufficient foundation to claim the dependence of physical working 
capacity on the endocrine function in a normal organism. 

During exercise a widespread activation of the endocrine function 
occurs. Hence, one may ask whether the amplitude of activation of the 
endocrine function is a limiting factor in regard to maximum physical 
working capacity. If this is so, hormone administration should increase 
the maximum. There are a number of studies which describe such re
sults in regard to the administration of adrenalin, adrenocortical ex
tract, glucocorticoids, aldosterone, corticotropin and triiodothyronine 
(for review see [58]). In these studies the validity of the tests used for 
the evaluation of physical working capacity was different and in some 
cases doubtful. The most striking facts are the dose-depending in
crease in the working capacity (Figure 1) due to triiodothyronine [52] 
and adrenalin [4, 18, 21]. Physiological stimulation of the thyroid 
function by thyrotropin administration resulted in a less pronounced 
increase of working capacity in rats [10]. 

SIGNIFICANCE OF ADRENALIN IN MUSCLE 
GLYCOGENOLYSIS 

The effect of exogenous adrenalin in working capacity is comparable 
with three facts: (1) there is an increased capacity for secreting adrena
line in the trained organism [29, 30, 69], (2) there is a good accor
dance between the highest levels of supramaximal exercise intensities 
and of catecholamines in the blood [55], (3) in normal men the ß-
adrenergic blockade impaires endurance [5, 7, 36, 54). Thus is seems 
quite plausible to assume that the capacity for secreting adrenaline 
belongs to the group of factors limiting the physical working capacity. 

The capacity for adrenalin secretion may be decisive in the mo
bilization of muscle glycogen stores [1, 38, 42, 44] and is therefore 
important both for anaerobic working capacity and for the capacity to 
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perform aerobic-anaerobic exercises. One of the recent studies on 
adrenaldemedullated rats showed that the markedly reduced endur
ance (running at 21 m-min"1 up a 10% grade until exhaustion; ap
proximately 1 and 2 hours respectively in adrenaldemedullated and 
sham-operated rats) was associated in adrenaldemedullated rats with 
hypoglycemia, elevated plasma insulin, reduced blood lactate re
sponse, and decreased muscle glycogenolysis during exercise as com
pared with the sham-operated animals. Adrenalin infusion corrected 
the endurance time, the insulin response and muscle glycogen deple
tion. Hypoglycemia during running until exhaustion diminished like
wise. Glucose infusion restored endurance run times and blood glu
cose to the normal without correcting the deficiencies in the blood 
lactate response and muscle glycogenolysis [46]. Hence, the reduced 
endurance might be related to the impaired carbohydrate supply of the 
contracting muscles due to abnormal muscle glycogenolysis in adrena
lin deficiency. 

Tri-iodothyronine 
in blood plasma 

Duration of swimming (h) (ng/100ml) O-

700 

-500 
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-400 

- 300 

9 -
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- 100 8 - Г 

150 100 50 10 20 30 
Dose of tri-iodothyronine administre ted (ng) 

Figure 1. Effect of triiodothyronine administration on maximal duration of 
swimming and blood plasma level of triiodothyronine. Con
structed by results of Tomson and Kallikorm [52]. 

Adrenalin action on anaerobic glycogenolysis consists in the acti
vation of glycogen phosphorylase. This effect is mediated by ß-adren-
ergic receptor, blocade of there which diminished the use of muscle 
glycogen, as well as the release of lactate [20, 27]. In humans propra-
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nolol infusion eliminated the increase in muscle cAMP content during 
dynamic exercise and reduced Phosphorylase activation [5]. 

Striking evidence of the essential role of adrenalin in muscle gly
cogenosis has been obtained in experiments on isolated muscle 
preparation. Contractions induced a prompt rise in the intensity of 
glycogenolysis in the isolated rat muscle. However, this rise was only 
transient. A more prolonged increase in the rate of glycogenolysis, 
together with increased mechanical work was obtained following the 
administration of either adrenalin or noradrenalin. These effects were 
prevented by ß-adrenergic but not a-adrenergic blockade [40]. 

Conversion of Phosphorylase b to a, as well as glycogenolysis, is 
also transient in muscles during their contractions [8]. Both of these 
processes are reactivated by adrenalin [14]. E.A.Richter and co
authors [44] confirmed with experiments on isolated perfused rat 
hindquarters that contractions, per se, stimulate glycogenolysis only 
for a brief period. The influence of adrenalin is necessary for contin
ued glycogenolysis during exercise. The adrenaline effect associated 
with increased cAMP production, phosphorylase activation and glyco
gen synthesis inactivation. Adrenalin also increased oxygen uptake 
and muscle performance, ß-adrenergic blockade abolished the effects 
of adrenaline except for an increased oxygen uptake, «-adrenergic 
blockade abolished the effect of adrenaline on oxygen uptake and 
muscle performance and lessened the adrenalin-induced increase in 
glycogenolysis but did not reduce cAMP production. Consequently, 
some of the adrenalin effects on the contracting muscle are elicited by 
stimulating a-adrenoreceptors besides the main metabolic effects 
through the stimulation of ß-adrenoreceptors [43]. 

In normal men the quadriceps muscles of both legs were intermit-
tantly stimulated for 30 min. Adrenalin infusion from the 15th to 30th 
min of muscle stimulation doubled the mole fraction of phosphorylase 
and glycogenolysis [51]. However, in this experiment no positive 
influence on muscle performance was observed. 

STIMULATION OF LIPOLYSIS 

During prolonged aerobic exercises the contribution of adrenalin to 
working capacity seems to be related to sparing the muscle glycogen 
use by stimulation of lipolysis. In dogs the impairment of working ca
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pacity and intensive depletion of muscle glycogen content after 
ß-blockade could be prevented by an infusion of triglyceride together 
with heparin, which elevates the plasma free fatty acid level [39]. 
Following chemical sympathectomy the maximal running time was 
approximately a third of that in the normal animals. An increase in the 
rate of glycogen utilization and a fall in the free fatty acid concentra
tion was observed in sympathectomized rats instead of a rise in nor
mals [41]. In men after ß-blockade the maximal duration of exercise at 
60% Vo2 max was only 50% of the maximal (83 rb 9 and 166± 
10 min, respectively) in association with elevated oxidation of carbo
hydrates and reduced the blood levels of free fatty acids and glycerol. 
After blockade of lipolysis by the administration of nicotinic acid, the 
endurance time constituted 73% of the normal [17]. 

The mobilization of lipid resources and the transition from carbo
hydrate to lipid oxidation is closely connected with the reduction of 
insulin level in the blood. The role of somatotropin, glucagon, thyrox
ine and other hormones may be additional in lipid mobilization, par
ticularly when exercise lasts more than an hour. However, intramus
cular administration of 2 IU of human growth hormone increased the 
somatotropin level during 2-hour exercise but did not stimulate the 
rise in the blood free fatty acid concentration [53]. This result is in 
agreement with the fact that the lipolytic action of somatotropin 
appears after a lag period of 2 h [13]. 

The significance of well-timed transition from carbohydrate to 
lipid utilization seems to be associated with the reservation of blood 
glucose for fuel for nervous cells. Through maintaining the working 
capacity of active nervous cells it influences the performance level. A 
contrary situation, a high level of insulin in the blood, hastens the 
development of hypoglycemia during prolonged exercise and that 
mean a decreased supply of fuel for nerve cells. During electrically 
elicited contractions for a prolonged period the work output of se
verely diabetic rats was not decreased in comparison with the normal 
animals. The administration of insulin enhanced the decrease in the 
blood glucose concentration and aggrevated the work output [26]. 
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SIGNIFICANCE OF GLUCOCORTICOIDS 

The old evidence on improved working capacity after glycocorticoid 
administration [57] was not confirmed in experiments where the work
ing capacity was precisely assessed [25]. Stimulation of adrenocortical 
activity by administration of corticotropin gave an improved working 
capacity in some studies [9, 10]. However, this result was not con
firmed by determination of VO2 max and PWCno in trained and 
untrained persons [64] or by estimation of maximal duration of swim
ming with an additional load in rats [49]. The blockade of adreno
cortical response to short-term exercise with a previous dex-
amethasone treatment did not change the levels of maximal oxygen 
uptake and PWCi70 either [64]. An impressive affect of a single sub
cutaneous injection of Cortisol on the endurance time in rats was 
demonstrated by Gorostiaga et al. [19]. However, in this case Cortisol 
was administered 21 h before treadmill running and the improved 
endurance was directly related to the enhanced glycogen stores. Thus, 
the improved endurance was achieved by the stimulation of glycogen 
synthesis before exercise. 

Results were obtained which showed that the capacity of the 
adrenal cortex to secrete glucocorticoids is in relation to working 
capacity in prolonged exercises. When the volume of zona fasciculata 
of the adrenal cortex, producing glucocorticoids, was dramatically de
creased by previous prolonged treatment with dexamethasone, the 
maximal duration of swimming was only 37% of that in intact ani
mals [49]. 

The significance of glucocorticoid response to prolonged exercise 
was tested in rats by Sellers et al. 1988 [46]. Adrenalectomized rats 
were given a subcutaneously implanted corticosterone pellet at the 
time of adrenalectomy. This manipulation avoided actual adrenocorti
cal insufficiency, but eliminated the glucocorticoid response to exer
cise. In order to simulate the exercise-induced response, a group of 
adrenalectomized and corticosterone implanted rats were treated with 
corticosterone injection immediately before the exercise bout. Other 
adrenalectomized-implanted rats were treated with corn oil before the 
exercise. In resting conditions the blood corticosterone level was 
similar in sham-operated and adrenalectomized-implanted rats. After 
the exercise the blood corticosterone level remained at the level of 
sedentary control rats in adrenalectomized-implanted rats, but proved 
to be increased 6 to 7 times in sham-operated and adrenalectomized 
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rats injected with corticosterone before exercise. The duration of 
treadmill running (21 m-min~\ 15% grade) until exhaustion was in 
sham-operated rats 138 ± 6 min compared to 114 ± 9 min in adrenal
ectomized-implanted rats injected with corticosterone and 89 ± 8 min 
for adrenalectomized-implanted rats. Consequently, the rise in gluco
corticoids during exercise does play a role in the ability of the rat to 
run to exhaustion. The difference in endurance between sham-oper
ated and adrenalectomized-implanted and injected with corticosterone 
rats might be related to the significantly reduced adrenaline response. 
Some significance might also be attributed to a possible mineralocoid -
coid deficiency. 

Inhibition of the rise in glucocorticoids during exercise had no 
effect on liver glycogen, liver adenosine — 3.5-cyclic monophos
phate, plasma insulin, blood glucose, lactate, glycerol or 3-hydroxybu-
tyrate. Only the plasma free fatty acids level was depressed in adrenal
ectomized oil treated rats compared to sham-operated animals at ex
haustion [46]. 

Studies of urinary excretion of metabolites of glucocorticoids dur
ing longlasting competitions in sportsmen showed an association of 
good performance with a stable level of elevated adrenocortical activ
ity [56, 57]. Accordingly the conception on functional stability as a 
necessary quality for endurance performance was established [63] 

The mechanism that related adrenocortical activity to working ca
pacity in the normal organism has still not been established. Studies 
on adrenalectomized rats showed the importance of glucocorticoids in 
maintaining the vascular tone in gluconeogenesis and especially in the 
regulation of transmembrane shifts of sodium and water [56, 58]. The 
restoration of working capacity of adrenalectomized rats (measured by 
the duration of swimming with an additional load of 3% of body 
weight) did not take place after 5 days treatment with Cortisol if actin-
omycin D was simultaneously administered [65]. Following the treat
ment with actinomycin D, the RNA synthesis and thereby protein 
synthesis are blocked. Hence the glycocorticoid effect on working ca
pacity, at least in adrenalectomized rats, depends on the additional 
synthesis of some responsible proteins. Cortisol administration did not 
restore the working capacity either when a high dose of progesterone 
was injected together with Cortisol [66]. Progesterone competites with 
glucocorticoids for specific glucocorticoid receptor in the cellular cy
toplasm and thus interferes with the action of glucocorticoids on the 
genetic apparatus of cells. In the liver tissue this competitive effect of 
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progesterone is supposedly avoided by a cytoplasmic factor [12]. If 
this is the case, then the interference of progesterone in the gluco
corticoid effect on the physical working capacity indicates the media
tion of this effect through protein synthesis in tissues other than the 
hepatic tissue. 

There are, of course, a number of various proteins (e.g. enzymes of 
amino acid metabolism and of gluconeogenesis) whose enhanced syn
thesis, because of the action of glucocorticoids, has a cumulative ef
fect on physical working capacity. Among such enzymes an essential 
role belongs to Na+, K+-ATPase of the myocardial and skeletal muscle 
cells. 

A period of swimming for 90 min was required to detect a signifi
cant increase of Na+, K+-ATPase activity in the microsomal fraction of 
the myocardial cells of untrained rats. Further continuation of exercise 
up to 6-10 h was accompanied by the return of the enzyme activity to 
the initial level. After an extreme duration of exercise (more than 16h) 
the Na+, K+-ATPase activity decreased significantly. The dynamics of 
plasma corticosterone concentration and of the activity of myocardial 
Na+, K+-ATPase were approximately parallel during these exer
cises [34]. In the skeletal muscle with predominantly white fibers the 
Na+, K+ -ATPase activity was increased immediately after swimming 
for 90 min and dropped to the initial level after swimming until 
exhaustion. In the muscle with predominantly red fibers, no significant 
changes were found. In trained rats swimming for 1.5 h did not in
crease either the plasma level of corticosterone or the myocardial Na+, 
K+-ATPase activity. After swimming for 18-20 h the blood corti
costerone remained at an elevated level and the Na+, K+-ATPase activ
ity did not differ from the initial level [32]. Rats exhausted by a 1-
week hard training regimen exhibited a decreased level of corticoster
one in the blood and a diminished Na\ K+-ATPase activity in the 
skeletal muscle [35]. 

Swimming with an additional load of 3% body weight until ex
haustion (mean duration 201 min) caused increased Na+, K+-ATPase 
activity in the myocardial cells of normal rats. In adrenalectomized 
rats the lowered enzyme activity persisted after the exercise [33]. The 
physical working capacity of adrenalectomized rats, treated separately 
with gluco- or mineralcorticoids, correlated also with the activity of 
the enzyme [31]. 

These studies led to the suggestion that during prolonged exercise 
an additional synthesis of Na+, K+-ATPase is necessary for maintain

30 



ing the adequate function of the Na+, K+-pump. The induction of this 
synthesis obviously required a sufficient supply of glucocorticoids. 

In prolonged exercises, the essential role of glucocorticoids may 
concern the metabolic control of protein degradation, glucose-alanine 
cycle, gluconeogenesis, glycogenolysis and the permissive function in 
regard to adrenergic responses, including stimulation of lipolysis. Ex
periments on adrenalectomized rats confirmed the role of glucocorti
coids in the exercise-induced accumulation of alanine in the red por
tion of the quadriceps muscle, blood plasma and liver in association 
with the increased activity of alanine-aminotransferase in the red 
quadriceps in urea formation and maintaining arginase activity [62]. in 
glucogenolysis both in the liver and skeletal muscles, peripheral glu
cose utilization and starving hepatic glycogen reserve [67]. 

THE POSSIBILITY OF ALDOSTERONE EFFECT 

Data about the aldosterone effect on aerobic capacity as well as on 
results of some anaerobic tests [45, 47. 48] need further confirmation 
and a detailed study. Further studies are required to establish the rela
tion of performance levels with the aldosterone and vasopressin re
sponses to exercise. 

GENERAL DISCUSSION 

The effect of increased hormone production as well as that of an 
exogenous hormone can enhance the physiological responses in target 
cells if: (1) there are sufficient reserves in binding sites of cellular hor
mone receptors or (2) the elevated hormone level in the extracellular 
and intracellular compartment helps to achieve a rapid turnover of the 
receptorhormone complex. The first condition is necessary for simul
taneous initiation of the activity in an increased number of locuses. 
connected with the actualization of the hormone effect. Of course, in 
this case the presumption is that there are available free sites through 
which the enhanced response will be achieved. The latter condition 
gives us a possibility for maintaining a high rate of initiation that re
sults in a rapid emergence of responses, initiated quickly one after 
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another, and in the persistence of a high level of functioning in target 
cells. Both these conditions emphasize the importance of alterations at 
the level of modulating regulation of hormone reception [55]. Special 
studies are required to establish the role of these alterations in im
proved physical working capacity. 

There are no data about the hormone effect directly on the contrac
tile mechanism in muscles. Therefore, if there is any connection be
tween the hormone response and physical working capacity, it must be 
an expression of metabolic responses induced by hormones. However, 
it is a complicated task to prove the significance of each hormone in 
controlling metabolic processes during exercise, because various mul-
tifactoral systems controlling metabolism exist. The situation ex
presses Barcroft's rule of duplicated mechanisms [2]. Within a control 
system the lack of the effect of a hormone may be effectively compen
sated for by other factors. The stimulation of a hormone effect may 
likewise induce the activation of opposite responses which will inhibit 
or mask the stimulated effect. Nevertheless, with the increase of mobi
lization of the body's capacities the opportunities for such variation 
and compensations decrease. In conclusion, it is difficult to believe 
that top performance is possible without the optimal participation of 
the endocrine functions. 

FURTHER PERSPECTIVES 

Summing up, the above presented discussion allows us to consider the 
most evidenced in regard to the esential roll of hormonal metabolic 
control in sports performance (Figure 2). 
(1) contribution of adrenalin in muscle glucogenolysis, 
(2) correlated influences of several hormones in the control of lipoly-

sis, 
(3) action of glucocorticoids ensuring performance of prolonged ex

ercises. 
Rather suggestive is also the dose-depending influence of triiodo

thyronine on the capacity for prolonged exercise performance. How
ever, this fact needs further evaluation, while (a) the exercise-induced 
responses of the pituitary-thyroid system are usually modest if any 
[15, 57], (b) the mechanism of thyroid hormone action of working 
capacity is not established. Results have been published on the signifi
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cance of vasopressin in the working capacity [23, 24]. However, the 
effect of vasopressin was demonstrated in hypophysectomized rats: 
administration of vasopressin together with adrenocortical extract was 
necessary to restore the working capacity completely after hypophy-
sectomy [23]. The essential role of vasopressin was confirmed by the 
fact that ablation of the posterior pituitary was enough to decrease 
working capacity significantly. The substitute treatment with adreno
cortical extract did not influence the working capacity in those 
rats [24]. No information has been obtained regarding the vasopressin 
effect on working capacity in the normal organism. 

Decreased level 
of insulin 
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of glucagon and 

somatotropin 

Increased 
adrenaline level 

Increased 
Cortisol level 

Effective 
Na\ К pump 
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of lipolysis 

Anaerobic exercise 
performance 

Prolonged aerobic 
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Figure 2. Suggested pathways of hormonal influences on performance 
level in athletes. 

The necessity for adrenalin in the pronounced increase of the rate of 
muscle glycogenolysis suggests a mechanism by which adrenalin is 
essential for the anaerobic working capacity. It seems rather perspec
tive to study the relationship between the individual magnitude of 
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adrenalin response to supramaximal exercises and the actual anaerobic 
working capacity. However, the necessity for evaluation of this rela
tionship is emphazised also two sets of results. First, the adrenalin 
effect on muscle glycogenolysis is mediated by a-adrenoreceptor [43]. 
Consequently the performance capacity for supramaximal exercises 
and glycogenolysis may not be directly related. Further, ß-adrenergic 
blockade excludes the decrease in glycogen in fast-twitch oxidative-
glycolytic and slow-twitch oxidative muscles in the course of running 
and swimming. In the fast-twitch glycolytic fibers glycogenolysis was 
blocked after running for 30 min at low speed, but was almost normal 
after running to exhaustion at the same speed [20]. On the one hand, 
in anaerobic exercises the main role belongs to fast-twitch glycolytic 
exercises, which seems independent of ß-adrenergic stimulation of 
glycogenolysis. On the other hand, in this experiment the running 
speed was too low to suggest the contribution of anaerobic metabo
lism in exercise performance. 

Adrenalin's role on glycogenolysis is likely essential also during 
prolonged exercises, since the adrenaline contribution ensures a per
sisting high rate of muscle glycogenolysis. However, in continuous 
exercise the adrenaline effect on phosphorylase activation and the rate 
of glycogenolysis appeared without positive influence on muscle 
performance [37]. This could be a subject for further research. 

In prolonged aerobic exercise the most significant is the adrenalin 
function in the stimulation of lipolysis together with the action of 
other lipolytic hormones. The essential role of this action consists in 
starting carbohydrate reserves. The tasks for further researchers aris
ing in this connection are: (1) what is the quantitative relationship be
tween the increase of levels of lipolytic hormones and decrease of 
insulin concentration in the blood in order to ensure effective lipoly
sis, (2) whether the lipolytic effect of adrenalin and other lipolytic hor
mones depends on the permissive action of glucocorticoids, (3) does 
the elevated lipolysis actually support glucose transport to brain cells, 
(4) how the situation is influenced after glucose intake during pro
longed exercise. 

Further studies are necessary also for evaluation of the effective
ness of glucostatic mechanism and oxidation control in regard to per
formance capacity during prolonged exercises. Is the positive action of 
exogeneous triiodothyronine related to stimulation of the oxidation 
rate? At the same time a question arises whether hormonal mechanism 
exist for the stimulation/inhibition of free radical oxidation. 

34 



What is the mechanism of positive influence of the glucocorticoid 
response for performance capacity in prolonged exercises? Above 
several possibilities were indicated. Rather perspective should be stud
ies on the significance of the permissive action of glucocorticoids as 
well as on the glucocorticoid control of the function of the Na+, K+-
pump. Besides glucocorticoids one must take into consideration that 
prolonged action on Na+, K+-pump are exerted by adrenalin, thyroxine 
and insulin [6]. 

Several other more specific questions are waiting for further re
search. Among them one may list: (1) the influence of fatique on hor
monal metabolic control, (2) influence on performance capacity ex
erted by the rhythmic pattern of the blood level of estrogens and pro
gesterone in females, (3) role of insulin in transport of glucose into 
muscle cells during short-term anaerobic exercises, (4) significance of 
individual pecularities in the general endocrine status for performance 
capacity. Recently results were obtained indicating a correlation be
tween the basal testosterone level in the blood and explosive power 
performance [3]. In rowers the improvement of performance associ
ated with an increased blood level of Cortisol and augmented re
sponses of Cortisol and somatotropin during rowing [50]. 
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ABSTRACT 

Possible reasons for gender differences in the prevalence of learning 
disabilities were explored. The Bruininks-Oseretsky Test battery was 
applied to a sample of prepubertal students, 33 boys and 10 girls with 
learning disabilities. The average age was 9.4 ± 1.1 years. The female 
students were taller (p < 0.001) and heavier (p < 0.05) than a represen
tative sample of Canadian children, but the boys were of normal size. 
Relative to the North American norms of Sattler (1988), the motor 
performance of boys and girls was reduced for balance (p < 0.001), bi
lateral coordination (p < 0.001), strength (p < 0.025), upper limb coor
dination (p< 0.001), visual motor control (p < 0.001), upper limb 
speed and dexterity (p < 0.001) and response speed (p < 0.001), with 
corresponding deficits in gross motor (p < 0.005), fine motor (p < 
0.001) and battery (p < 0.001) composite scores. Substantial gender 
differences favoured males for strength (p < 0.005), gross motor com
posite (p < 0.025), response speed(p < 0.005), fine motor composite 
(p < 0.05) and battery composite (p < 0.05) scores. The observed gen
der differences in motor skills cannot be explained by any association 
with body build. Possible explanations are (1) that the leisure pursuits 
of girls demand more coordination than those of boys, so that girls 
with learning disabilities are excluded from physical activities, with a 
progressive worsening of their motor performance, or (2) that, for 
culturally-related reasons, there is a gender inequity in the threshold 
for a diagnosis of learning disability between girls and boys. 
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INTRODUCTION 

Learning disabilities are a major problem for those teaching "inte
grated" school classes. The prevalence of the conditionis as high as 
20% [8]. Some of the students concerned have become gifted athletes, 
but the majority are "clumsy", with 75% showing motor problems. It 
is less clear whether an unusual body build contributes to the clumsi
ness, or whether disability is similar in boys and girls. 

We thus tested three hypotheses: 
1. Clumsiness is substantial relative to other children of similar age. 
2. Clumsiness is similar in boys and girls diagnosed as learning dis

abled. 
3. Body size does not influence the extent of motor impairment. 

METHODS 

Subjects. The sample comprised 43 students (33 boys, 10 girls) of av

erage age 9.4 ±1.1 years. All were un selected volunteers, diagnosed 
as communication learning disabled, and recruited in accordance with 
an experimental protocol approved by the University Committee on 
Human Experimentation. 

In five students there was a problem in understanding language, 
and the remander were classed as specific learning disabled. Twenty 
six of the students were periodically withdrawn from normal classes 
for special instruction, and 11 were receiving instruction at a special 
school for those with learning disabilities. 

Chemotherapy included Ritalin (methyl phenidate, 4 students), Di
lantin (phentoin, 1 student) and Tegretol (carbamazepine, 1 student). 

The Bruininks-Oseretsky test is a field performance test specifi
cally designed to test gross and fine motor proficiency in young 
children [3]. 

Gross motor skills are evaluated by tests of running speed and agil
ity (shuttle-run), balance (8 items), bilateral coordination (8 tapping, 
jumping and drawing tests) and strength (standing broad jump, sit-ups, 
and two types of push-ups). 
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Fine motor skills are examined by tests of visual motor control 
(8 drawing, cutting and copying tasks), upper limb speed and dexterity 
(8 items, manipulating pegs, pennies, a pencil and beads) and response 
speed (catching a stick that is dropped). 

A final test of upper limb coordination examines a combination of 
gross and fine motor skills (9 items, mainly bouncing, catching and 
throwing). 

Data analysis 

Scores for subtests were related to age-specific scores obtained on 
765 U.S. and Canadian children [3, 6]. The norms for sub-tests had a 
standardized score of 15 ± 5 units, with no difference in requirements 
between boys and girls. The composite scores for gross motor and fine 
motor performance were converted to age and gender-specific scores, 

with standardized norms of 50 ± 10 units. 
Departures from published norms were examined by unpaired 

t-tests, on the assumption that the published means were invariate. The 
level of alpha was adjusted by the Bonferonni technique to allow for 
multiple comparisons. 

Relationships between body build and motor performance were 
tested by fitting linear regressions, using the method of least squares. 

RESULTS 

Physical characteristics. The physical characteristics of the subjects 
are summarized in Table 1. The boys did not differ from their 
published norms of the Canada Fitness Survey [4], but the girls were 
significantly taller (p < 0.05) and heavier (p < 0.001) than their peers 
in the general population. 

Table 1. Physical characteristics of subjects, mean ± SD and values 
expressed as a percentage of the corresponding norms for the 
Canadian population [4]. 

Stature: Boys 1.35 ±0.14 m (98.3 ± 9.8% of CFS) 
Girls 1.43 ±0.09 m (104.5 ± 6.4% of CFS) 

Body mass: Boys 34.4 ±9. lkg (105.6 ± 30.4% of CFS) 
Girls 38.7 ± 4.6kg (120.8 ± 17.2% of CFS) 
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Motor Performance. All scores with the exception of running 
speed were low relative to the population norms of Bruininks [3] 
(Table 2). Statistically significant deficits of motor performance were 
demonstrated for balance, bilateral coordination, strength, visual mo
tor control, upper limb speed and dexterity, response speed, and com
posite scores for gross motor, fine motor and overall battery scores. 

Table 2. Motor proficiency, as assessed by the Bruininks-Oseretsky test. 
Mean ± SD of scores for students with a learning disability, 
standardized to an age-specific normative value of 15 ± 5 units 
for sub-scales and 50 ± 10 units for composite score (see text). 

Variable Standardized score 
Males Females All subjects 

(n = 33) (n = 10) (n = 43) 

Gross motor sub-tests 

Running speed and aqility 17.0 ±7.7 16.4 ±4.2 16.8 ±7.0 
Balance 9.5 ±6.5 7.6 ±6.5 9.1 ±6.5**** 
Bilateral coordination 11.9 ±4.5 10.4 ±2.9 \ 15 ± 4 2**** 
Strength 14.1 ±4.8 8.3 ± 3.3**** 12.8 ±5.1** 
Fine motor sub-tests 

Visual motor control 10.3 ±5.2 8.9 ±6.9 10.0 ±5.6**** 
Upper limb speed /dexterity 10.7 ±4.3 8.9 ±5.3 10.3 ±4.5*** 
Response speed 9.2 ±3.8 5.4 ±3.8**** 8.8 ±4.1**** 
Upper Limb Coordination 10.6 ±5.4 9.2 ±6.4 10.3 + 5.6 
Composite scores 

Gross motor 43.9 ± 17.2 37.9 ±7.7** 42.5 ± 15.6*** 
Fine motor 35.3 ± 13.2 28.2 ± 19.4* 31.6 ± 18.7**** 
Battery 35.1 ±20.1 31.1 ±20.8* 31.7 ±23.5**** 

Test involves both gross and fine motor coordination. 
Significance of difference between genders, and between all subjects and norms: 
**** p< 0.001 ***p< 0.005 ** p < 0.025 * p < 0.05. 
Note: since 10 ten test comparisons have been made, alpha has been set at p < 

0.005 (see text). 

Scores were uniformly pooper in the girls than in the boys, and 
these differences were larger than could be explained by gender differ
ences in the composite scores for the normal population (Table 3). 
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Table 3. The conversion of a given crude score into age-specific (pooled) 
and age and gender-specific normalized value for the Bruininks-
Oseretsky test of motor proficiency. 

Test item Crude 
score 

Corresponding 
pooled 

Normalized score Test item Crude 
score 

Corresponding 
pooled Male Female 

Gross motor composite 59 50 50 51 
45 40 39 41 
34 30 30 36 

Fine motor composite 44 50 51 49 
34 40 40 40 
24 30 30 30 

Battery composite 118 50 49 51 
96 40 40 41 
74 30 30 31 

Relationship of motor performance to body build. Linear regres
sions tested the association of the individual motor performance items 
with height and body mass. Of the eighteen regressions that were 
calculated, only one showed a marginal trend (Figure 1): height vs 
gross motor score in girls, with a positive slope of 1.76 + 0.73 (p < 
0.038). 
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Figure 1. Relationship between standing height and battery score for 
female subjects. 

y=82.5x—11.1; R2=0.046 
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DISCUSSION 

Body size. The girls were a little taller and substantially heavier than 
the national average. This cannot be attributed to regional differences, 
since Ontario data usually match national norms [5]. Nor has there 
been any substantial secular trend in the height of children since the 
1981 Canada Fitness Servey [7]. Socio-economic status was average 
or below average, so this is also unlikely as an explanation of the 
excess height of the girls. 

Performance. Our first hypothesis can be accepted: As previously 
noted by other authors (see Bluechardt et al. [1] for review), the chil
dren with learning disabilities have a substantial deficit in most facets 
of motor performance. 

We might anticipate an impact upon socialization and self-esteem. 
Classroom teachers reported deficits in social behaviour for some of 
the students, but the students themselves rated their competence as 
"medium" in both academic and non-academic domains. 

Gender difference. Our second hypothesis is rejected: the per
formance of the girls is substantially inferior to that of the boys with 
the same diagnosis. 

Body build effects on performance. Our third hypothesis is also 
rejected: Despite the difference of body build between the boys and 
girls, there is no evidence that this build contributes to clumsy per
formance. 

Possible explanations. Reasons for the poorer performance of 
the girls at present are speculative. Although the girls are taller than 
the boys, it does not appear that a height-related clumsiness is to 
blame. The traditional leisure pursuits of young girls may demand 
more balance and less gross motor activities than the activities that are 
popular with boys of similar age; this may place girls with learning 
disability at a greater physical disadvantage than the boys with a 
similar diagnosis. 

In our study, as in many other reports [1] fewer girls were diag
nosed than boys; this may be another reason why those girls who are 
diagnosed have a greater disability than the boys. Possibly, parental 
expectations of academic excellence are still greater for boys than for 
girls, and possibly boys are more likely to express their disability by 
disruptive behaviour that draws attention to their problem. 

Therapeutic implications. Given a substantial deficit of motor 
skills, we might anticipate that a programme of perceptual motor train
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ing would enhance physical performance, thereby improving self-es-
teem and remedying the learning problem. In fact, our own studies [2] 
and others [1] have found little improvement in either academic or 
sport performance from such training programmes, even when they 
incorporate a social skills component. 

There seem several explanations of this paradox.: 
1. If a child has a reputation for limited athletic competence, it is dif

ficult to dissipate this, even if actual performance is enhanced. 
2. The student with a learning disability is likely to have an accumu

lated deficit of social skills which takes a long time to reverse. 
3. There may, finally, be little generalization of instruction from the 

gymnasium to the academic classroom. 
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PHYSIQUE AND PHYSICAL FITNESS IN 
PREPUBERTAL CHILDREN 

L. Raudsepp and T. Jürimäe 
Institute of Sport Pedagogy, University of Tartu, Tartu, Estonia 

ABSTRACT 

The purpose of this study was to examine the relationships between 
physique's measurements and physical fitness in prepubertal children. 
Gender differences in body measures and physical fitness were also 
studied. Ninety-two 7-9-year-old children were divided into two 
groups: 44 boys (mean age 8.1 ± 1.5 yrs) and 48 girls (mean age 
7.9 ± 1.4 yrs). Twenty-two physique's measurements were taken ac
cording to the O-Scale physique assessment system. Somatotype com
ponents were anthropometrically determined according to the Heath-
Carter somatotyping method. EUROFIT test battery was used to 
evaluate the physical fitness of the children. The findings of the study 
indicated that relationships between physique's measurements and 
physical fitness were mostly non-significant (p > 0.05) and there were 
no clear differences in associations in respect of boys and girls. Fur
thermore, although the boys surpassed girls in circumferential meas
urements and girls surpassed boys in skinfold thicknesses, these dif
ferences were generally non-significant (p > 0.05). Gender differences 
in physical fitness indicated that boys were superior in running speed, 
strength and endurance tests and girls resulted higher in flexibility and 
balance. 

KEY WORDS: Physique, Physical fitness, Children 
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INTRODUCTION 

Many factors influence physical fitness at a particular time period or 
age. The researchers of motor development have acknowledged the 
fact that little information exists about the extent to which various fac
tors such as physical growth actually influence the motor development 
of young children [21]. 

Several studies [10, 11, 18, 28, 29, 30, 31] have reported the age 
and sex peculiarities in somatotype in ages 6-10 years. In general it is 
evident that boys are more mesomorphic and less endomorphic than 
girls [5, 10, 17]. It appears that the somatotype reflects the general 
biological differences in body morphology of boys and girls [16]. 

There are relatively few experimental studies relating to the physi
cal growth characteristics and physical fitness in children [5]. It has 
been observed that in general physical fitness has a low positive corre
lation with mesomorphy and body size and a low negative correlation 
with fatness and endomorphy [8, 12, 20, 28, 29]. Negative relation
ships between both endomorphy and body fatness with physical fit
ness is especially obvious in tasks requiring movement of the body 
mass [28, 29]. On the other hand, Hensley et al. [17] reported that 
among preadolescent children body fatness may have relatively differ
ent effects on the performance of boys and girls. 

This study examined the relationships between physique's meas
urements and physical fitness in prepubertal children. In addition, 
gender differences in physique and physical fitness were examined. 

MATERIALS AND METHODS 

Ninety-two elementary school children from Tartu, Estonia, aged 7-
9 years, served as subjects in the study. They were divided into two 
groups: 44 boys (mean age 8.1 ± 1.5 yrs) and 48 girls (mean age 7.9 ± 
1.4 yrs). The parents of every child were informed about testing proce
dures, and they consented to their child's participation in this study. 

Twenty-two physique's measurements were taken according to the 
O-SCALE physique assessment system [32]. The girth of the arm (re
laxed and tensed), forearm, wrist, chest, waist, gluteal, thigh, calf and 
ankle were measured using a steel tape measure. Humerus and femur 
width were measured with sliding caliper following standard measure-
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ment technique [19]. Body height was measured using Martin's metal 
anthropometer to the nearest 0.1 cm and body mass was measured to 
the nearest 0.1 kg. Body mass index (BMI) was calculated (mass, 
kg/height2, m). The measurements of skinfold thickness were obtained 
with Holtain caliper by one investigator at the following sites: triceps, 
subscapular, biceps, iliac crest, supraspinale, abdominal, front thigh, 
and medial calf. Three complete sets of measurements were carried 
out on each subject and the mean of three measurements at each site 
was used. Scores for five skinfolds (triceps, subscapular, supraspinale, 
abdomen, thigh) were summed to provide a single index of adiposity, 
following standard protocols [19]. Endomorphy, mesomorphy and 
ectomorphy were anthropometrically determined according to the 
Heath-Carter somatotyping method [5]. 

EUROFTT test battery [14] was administrated to evaluate the 
physical fitness of the children. 

Standard statistical procedures were used to analyze the data. De
scriptive statistical procedures included means, standard deviations 
and zero-order correlations. A one-way ANOVA was used to test the 
significance of the mean difference between the sexes on the physique 
and physical fitness measures. Statistical significance was set at p < 
0.05. 

RESULTS 

The means and standard deviations of anthropometric characteristics 
of the subjects are presented in Table 1. The results of the one-way 
ANOVA indicated that there was a significant (p < 0.05) difference 
between boys and girls on forearm, wrist, chest and ankle girth. The 
mean scores of boys on these characteristics were significantly higher 
than those of the girls. 

Table 1. Means (X) and standard deviations (SD) of anthropometric 
characteristics. 

Variable Boys (n = 44) Girls (n = 48) P Variable 
X SD X SD 

P 

1. Height (cm) 130.8 8.1 127.0 6.2 NS 
2. Body weight (kg) 27.2 5.5 24.9 4.2 NS 
3. BMI (kg/m2) 15.6 1.5 15.2 1.3 NS 
4. Arm girth relaxed (cm) 18.1 1.9 17.9 1.5 NS 
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5. Arm girth flexed and tensed 
(cm) 19.8 2.2 19.3 1.9 NS 

6. Forearm girth (max. re
laxed) (cm) 19.1 1.8 18.3 1.4 * 

7. Wrist girth (distal styloid) 
(cm) 13.2 1.1 12.5 0.9 * 

8. Chest girth (mesosternale) 
(cm) 63.4 4.8 60.4 3.6 * 

9. Waist girth (cm) 56.5 5.4 55.7 5.1 NS 
10. Gluteal girth (max) (cm) 38.5 4.8 39.1 3.6 NS 
11. Thigh girth (cm) 35.8 4.3 35.4 3.8 NS 
12. Calf girth (max) (cm) 26.5 2.7 25.7 2.3 NS 
13. Ankle girth (cm) 19.3 1.8 18.2 1.7 * 

14. Humerus width (cm) 5.5 1.1 5.2 0.9 NS 
15. Femur width (cm) 6.9 0.9 6.4 1.3 NS 

* p < 0.05 NS — Not Significant 

The means and standard deviations of body fatness measurements 
and somatotype components are presented in Table 2. The boys sur
passed the girls significantly (p < 0.05) only in biceps skinfold. There 
were no significant (p > 0.05) sex differences regarding the somato
type components. 

Table 2. Means (X) and standard deviations (SD) of body fatness 
measurements and somatotype components. 

Variable Boys (n = 44) Girls (n = 48) P Variable 
X SD X SD 

P 

1. Triceps skinfold (mm) 7.7 3.4 7.3 3.1 NS 
2. Subscapular skinfold (mm) 6.3 1.8 6.9 1.7 NS 
3. Biceps skinfold (mm) 7.3 2.4 8.7 2.8 * 

4. Iliac crest skinfold (mm) 5.7 2.9 6.0 2.4 NS 
5. Supraspinale skinfold (mm) 6.3 2.8 6.4 2.6 NS 
6. Abdominal skinfold (mm) 7.5 3.8 7.9 3.4 NS 
7. Front thigh skinfold (mm) 12.1 4.1 11.6 2.2 NS 
8. Medial calf (mm) 11.9 3.8 11.2 2.5 NS 
9. Sum of five skinfolds (mm) 39.9 8.4 40.1 8.7 NS 
10. Endomorphy 1.9 0.9 2.2 0.8 NS 
11. Mesomorphy 3.6 1.5 3.3 1.6 NS 
12. Ectomorphy 3.5 1.2 3.5 1.3 NS 

* p < 0.05 NS — Not Significant 

The means and standard deviations of physical fitness characteris
tics are presented in Table 3. The boys surpassed the girls significantly 
(p < 0.05-0.01) in sit-ups, 10 x 5 m shuttle run, standing broad jump, 
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handgrip strength, and endurance shuttle run. The mean result of the 
sit- and-reach test was significantly (p < 0.05) higher in girls. 

Table 3. Means (X)and standard deviations (SD) of physical fitness 
characteristics. 

Variable Boys (n = 44) Girls (n = 48) P 
X SD X SD 

1. Balance (x) 5.9 3.8 6.2 4.2 NS 
2. Sit-and-reach (cm) 30.1 8.1 35.3 8.6 * 

3. 10x5 m shuttle run (s) 23.5 2.2 25.9 3.7 ** 

4. Standing broad jump (cm) 130.1 17.9 121.2 23.3 * 

5. Bent arm hang (s) 9.2 6.5 8.8 8.1 NS 
6. Plate tapping (s) 20.5 5.1 21.4 6.1 NS 
7. Handgrip strength (kg) 15.7 3.9 11.9 4.2 ** 

8. Sit-ups (x) 16.4 4.2 11.8 5.8 ** 

9. Endurance shuttle run (min) 4.9 2.4 3.8 3.1 * 

* p < 0.05 ** p < 0.01 NS — Not Significant 

The correlation coefficients for selected anthropometric measure
ments, somatotype components and physical fitness characteristics are 
presented in Tables 4 and 5. In general, only low or moderate (r = 0.2-
0.5) correlations were found between the physique's measurements 
and physical fitness test scores for both sex groups. BMI, sum of 
skinfolds and endomorphy had either low negative or positive rela
tionships with physical fitness tests. In boys, statistically significant 
(p < 0.05) correlations were found only between sum of skinfolds and 
endurance shuttle run and endomorphy and endurance shuttle run 
(r = -0.57 and r = -0.52, respectively). In girls, sum of skinfolds was 
significantly (p < 0.05) correlated with standing broad jump (r = 
-0.55), sit-ups (r = -0.62) and endurance shuttle run (r = -0.45). 
Endomorphy had a significant (p < 0.05) negative correlation only 
with bent arm hang (r = -0.52). Mesomorphy had significant (p < 
0.05) correlation only with sit-ups in girls (r = 0.55). Ectomorphy was 
significantly (p < 0.05) related with 10 x 5 m shuttle run (r = -0.54) in 
boys and with sit-ups (r = 0.53) in girls. 
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Table 4. Correlations between selected physique's measurements and 
physical fitness in boys (n = 44). 

Variable Height Weight BMI SumSF ENM MM EKM 
1. Balance -.15 .22 -.21 .17 .13 .14 .22 
2. Sit-and-reach -.06 -.17 -.22 -.33 -.42 -.29 .14 
3. I0x5m shuttle-run -.21 .29 .23 .21 -.05 .02 -.54* 
4. Standing broad jump .24 -.16 -.29 -.22 -.19 .37 .07 
5. Bent arm hang .14 -.13 -.27 -.16 -.13 -.02 .33 
6. Plate tapping -.23 -.15 .37 .33 .36 -.28 -.20 
7. Sit-ups -.17 -.04 .15 .22 .25 .18 .20 
8. Handgrip strength .05 -.14 -.22 .15 - . 1 1  .27 -.18 
9. Endurance shuttle run .18 -.33 -.39 -.57* -.52* .32 .14 

* p < 0.05 BMI — body mass index; SumSF — sum of skinfolds; ENM — 
endomorphy; MM — mesomorphy; EKM — ectomorphy 

Table 5. Correlations between selected physique's measurements and 
physical fitness in girls (n = 48). 

Variable Height Weight BMI SumSF ENM MM EKM 
1. Balance .07 -.16 .13 .37 .27 -.33 -.40 
2. Sit-and-reach -.18 .06 .24 -.14 .14 .14 -.24 
3. 10x5m shuttle run .26 .11 .04 -.36 -.23 .15 -.21 
4. Standing broad jump .19 -.25 -.27 -.55* -.28 .33 .30 
5. Bent arm hang -.17 -.27 -.44* -.26 -.52* -.29 .31 
6. Plate tapping .05 -.16 -.07 .31 -.01 .16 -.16 
7. Sit-ups .22 -.16 -.31 -.62* -.47* .55* .53* 
8. Handgrip strength .15 .22 .12 -.07 .21 -.05 -.18 
9. Endurance shuttle run .28 -.18 -.12 -.45* -.29 .33 .29 

* p < 0.05 BMI — body mass index; SumSF — sum of skinfolds; ENM — 
endomorphy; MM — mesomorphy; EKM — ectomorphy 

DISCUSSION 

Generally speaking, the results of this study concerning relationships 
between physique and physical fitness confirm the previous findings 
[2, 8, 17, 20, 26, 27, 28, 29]. It was observed that the correlations 
between body fatness and somatotype with physical fitness tests are 
relatively low in absolute magnitude. As expected, the sum of skin
folds was found to be negatively associated with most of the physical 
fitness tests in both boys and girls. The relatively higher negative re
lationships between sum of skinfolds and physical fitness tests were 
found where movement of the body mass is required (shuttle runs, 
standing broad jump). This fact is confirmed by previous studies [3, 7, 
17, 27, 28, 29]. Theoretically, this relationship is due to the fact that 
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body fat adds to the mass of the body without contributing to the force 
producing capability, thus becoming excess weight to be moved dur
ing the weight-bearing tasks [1]. However, Hensley et al. [17] re
ported that the effect of body fatness on performance may be both sex-
specific and task-specific. 

There are relatively few studies relating somatotype with physical 
fitness in young children [5]. This study indicates that endomorphy, 
like body fatness, has low negative correlations with most physical 
fitness tests in both sexes. In this respect, our findings are consistent 
with those of earlier studies [28, 29, 30, 31]. 

Numerous studies [2, 3, 5, 30] have reported that high mesomor
phy is positively associated with most physical performance tests, es
pecially in adolescent and adult age groups. In this respect, our results 
do not indicate so clear relationships between mesomorphy and physi
cal fitness tests in either boys or girls. Only few physical fitness items 
(standing broad jump, 10 x 5 m shuttle run) have low positive correla
tions with mesomorphy in both sexes. One explanation for this dis
crepancy with previous studies could be the fact that the influence of 
muscular mass to physical fitness is not so well expressed in ages 7-9 
comparing with adolescent and adult ages. 

Our results indicate that ectomorphy was significantly related only 
with 10 x 5 m shuttle run in boys and with sit-ups in girls. Most of the 
physical fitness tests have either low positive or negative correlations 
with ectomorphy and there is no concurrence in relationships in re
spect of boys and girls. This is in agreement with early reported 
findings [2, 3, 5] that physical fitness test scores correlate variably 
with ectomorphy. This may be due to fact that the 3 somatotype com
ponents are not independent, and that in predicting motor performance 
the information given by the ectomorphy component is already in
cluded in the information given by mesomorphy and/or endomorphy 
[3, 6]. However, Slaughter et al. [29] and Hensley et al. [17] have 
reported that linearity was an important determinant of performance in 
elementary school children. 

Examining sex differences in physique of children revealed that al
though the boys tended to surpass the girls in most of the anthro
pometric measurements and girls exceed boys in skinfold thicknesses 
and sum of skinfolds, these differences are not statistically significant. 
It should be noted that this finding is in agreement with other reports 
115, 22, 25] that have found little if any sex differences in body 
composition among preadolescent children. Hensley et al. [17] have 
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reported that other underlying biological and cultural factors than 
body fatness are more important in the explanation of gender differ
ences in physical performance in prepubertal children. 

The observed sexual dismorphism in somatotype distributions is in 
agreement with previous studies [10, 18, 30]. General findings from 
our and earlier reported studies indicate that boys are more mesomor
phic and less endomorphic than girls. Although gender differences in 
somatotype are apparent already in preschool and elementary school 
years, the marked sexual dismorphism appears after adolescence [5]. 

Sex differences in favour of boys in the physical fitness tests re
quiring running speed, explosive and functional strength and car
diorespiratory endurance are confirmed with motor development stud
ies [9, 13, 24]. It is not surprising either that girls surpassed boys in 
balance and sit-and-reach tests results. Nevertheless, sex differences in 
physical fitness tests are relatively small during prepubertal years and 
there is no full understanding of what kind of factors and to which 
extent influence the differences in motor performances [23]. 

In summary, the findings of this investigation indicated that the 
relationships between physique's measurements and physical fitness 
were mostly non-significant and there were no clear differences in as
sociations in respect of boys and girls. Furthermore, although the boys 
surpassed the girls in anthropometric measurements and girls sur
passed boys in skinfold thicknesses, these differences were generally 
non significant. Finally, the gender differences in physical fitness indi
cated that boys were superior in running speed, strength and endur
ance and girls resulted higher in flexibility and balance. 

REFERENCES 

1. Astrand O., Rodahl К. (1977)Textbook of work physiology. (2nd Ed.). 
McGraw-Hill, New York. 

2. Beunen G., Ostyn M., Renson R., Simons J., Swalus P., Van Ger-
ven D. (1977) Somatotype and physical fitness of 14 year old boys. In 
H. Lavalle & R. J. Shephard (eds.). Frontiers of activity and child health. 
Editions du Pelician, Quebec, 36-55. 

3. Beunen G., Claessens A., Ostyn M., Renson R., Simons J., Van Ger-
ven D. (1985) Motor performance as related to somatotype in adolescent 
boys. R. A. Binkhorst, H. C. G. Kemper, W. H. M. Saris (eds.). Children 
and Exercise XI. Champaign, IL.: Human Kinetics, 279-284. 

56 



4. Carter J. E. L. (1980) The Heath-Carter somatotype method. San Diego 
State University Syllabus Service. 

5. Carter J. E. L., Heath В. H. (1990) Somatotyping — development and 
applications. Cambridge, Cambridge University Press. 

6. Claessens A., Beunen G., Simons J., Swalus P., Ostyn M., Ren
son R., Van Gerven D. (1980) A modification of Sheldon's anthropo-
scopic somatotype technique. Anthrop. Közl. 24: 45-54. 

7. Cureton К. J., Boileau R. A., Lohman T. G. (1975) Relationship be
tween body composition measures and AAHPER test performances in 
young boys. Res. Quar. 46: 219-229. 

8. Cureton K. J., Boileau R. A., Lohman T. G., Misner J. E. (1977) De
terminants of distance running performance in running performance in 
children: analysis of a path model. Res. Quar. 48: 270-279. 

9. DeOreo K., Keogh J. (1980) Performance of fundamental motor tasks. 
In:. С. B. Corbin (ed.). A textbook of motor development (2nd ed), 
Dubuque, IA: Brown, 76-91. 

10. Duquet W. (1980) Studie van de toepasbaarheid van de Heath Carter 
somatotype-methode op kinderen van 6 tot 13 j aar. (Applicability of the 
Heath-Carter somatotype method to 6 to 13 year old children), PhD 
Dissertation, Vrije Universiteit Brüssel, Belgium. 

11. Eiben О. G. (1985) The Körmend Growth Study: Somatotypes. In: Phy
sique and body composition, O. G. Eiben (ed.). Budapest: Humanbiolo-
gia Budapestinensis 16: 37-52. 

12. Erbaugh S. J. (1984) The relationship of stability performance and the 
physical growth characteristics of preschool children. Res. Quar. Exerc. 
Sport 55: 8-16. 

13. Espenschade A. S., Eckert H. M. (1980) Motor development (2nd ed.), 
Columbus, OH: Merrill. 

14. EUROFTT. (1988) Handbook for the EUROWT tests of physical fitness. 
Rome. 

15. Forbes G. В., Amirhakimi G. H. (1970) Skinfold thickness and body 
fat in children. Hum. Biol. 42: 401-418. 

16. Hall R. (1982) Sexual dismorphism in homo sapiens. New York, Prae-
ger. 

17. Hensley L. D., East W. В., Stillwell J. L. (1982) Body fatness and 
motor performance during preadolescence. Res. Quar. Exerc. Sport 53: 
133-140. 

18. Holopainen S., Lumiaho-Häkkinen P., Telama R. (1984) Level and 
rate of development of motor fitness, motor abilities and skills by soma
totype. Scand. J. Sports Sei. 6, 67-75. 

8 57 



19. Lohman T., Roche A., Martorell R. (eds.) (1988) Anthropometric 
Standardization Reference Manual. Champaign, IL: Human Kinetics 
Books. 

20. Malina R. M. (1975) Anthropometric correlates of strength and motor 
performance. J. H. Wilmore, J. F. Keogh (eds.) In: Exercise and Sport 
Sciences Reviews (Vol. 3). New York: Academic Press, 249-274. 

21. Malina R. M. (1980) Biologically related correlates to motor develop
ment and performance during infancy and childhood. C.B. Corbin (ed.). 
In: A textbook of motor development (2nd ed.), Dubuque, IA: Brown, 
200-211. 

22. Malina R. M., Rarick G. L. (1977) Growth, physique, and motor per
formance. In: G. L. Rarick (ed.). Physical Activities: Human Growth and 
Development. New York: Academic Press, 46-68. 

23. Malina R. M., Bouchard C. (1991) Growth,, maturation and physical 
activity. Champaign, IL: Human Kinetics. 

24. Morris A. M., Williams J. M., Atwater A. E., Wilmore J. H. (1982) 
Age and sex differences in motor performance of 3 through 6 year old 
children. Res. Quar. Exerc. Sport 53: 214-221. 

25. Parizkova J. (1961) Total body fat and skinfold thickness in children. 
Metabolism 10: 794-807. 

26. Parizkova J. (1977) Body fat and physical fitness. Martinus Nijhoff, 
The Hague. 

27. Pate R. R., Slentz C. A., Katz D. P. (1989) Relationship between skin
fold thickness and performance of health related fitness test items. Res. 
Quar. Exerc. Sport 60: 183-189. 

28. Slaughter M. H., Lohman T. G., Misner J. E. (1977) Relationship of 
somatotype and body composition to physical performance in 7-12 year 
old boys. Res. Quar. 48, 159-168. 

29. Slaughter M. H., Lohman T. G., Misner J. E. (1980) Association of 
somatotype and body composition to physical performance in 7-12 year 
old girls. J. Sports Med. Phys. Fit. 20: 189-198. 

30. Stepnicka J. (1976) Somatotypes of Bohemian and Moravian youth. 
Acta Facultatis Medicae Universitatis Brunensis. 57, 233-242. 

31. Stepnicka J. (1977) Somatotypes of Czechoslovak athletes. O. Ei
ben (ed.), In: Growth and Development: Physique, Budapest: Akademiai 
Kiado (Hungarian Academy of Sciences), 357-364. 

32. Ward R., Ross W. D., Leyland A. J., Selbie S. (1989) The advanced 
O-Scale physique assessment system. Instructional Manual. Kincmetric 
Inc. 

Correspondence to: 
Lennart Raudsepp Institute of Sport Pedagogy 
University of Tartu 18.Ülikooli Street Tartu, EE 2400 Estonia 

58 



CONTRIBUTION OF VERTEBRAL COLUMN, HIP 
FLEXION AND KNEE EXTENSION TO TRUNK 
FORWARD FLEXION IN YOUNG GYMNASTS 

V. Hein 
Institute of Sport Pedagogy, University of Tartu, Tartu, Estonia 

ABSTRACT 

The aim of present study was to investigate the body segment configu
ration influence on the range of the motion in each joint contributable 
to the trunk forward flexion in standing and sitting positions in 
30 young modern gymnasts at age of 7-9 years. The measuring of the 
range of the motion in the hip joint and in total vertebral column was 
produced by gravity goniometer in different positions and the knee 
extension by constructed linear instrument. The flexibility of vertebral 
column was calculated by the difference between the trunk forward 
flexion and hip flexion. The obtained results indicated higher values 
of hip joint in sitting position compared with values recorded in stand
ing position. Vertebral column flexion decreased from 56.7° ± 17.5 in 
standing position to 29.70° ± 9.07 in sitting position. The contribution 
of the range of the motion of the hip joint flexion and total vertebral 
flexion to trunk forward flexion were evaluated by multiple regression 
analysis. The relationship between test scores of trunk forward flexion 
and vertebral column flexion in sitting position was r = 0.50 (p < 
0.01). Regression equation y = 12.7 + 0.18x was conducted with the 
sit-and-reach test being predicted by knee extension range of mo
tion.The tests scores obtained by used methods permit to receive more 
information about the range of motion at different joints what may be 
useful to take account in enhance procedure of trunk forward flexion. 

KEY WORDS: Flexion, Hip joint, Vertebral column, Range of 
motion 
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INTRODUCTION 

Flexibility is of considerable importance in numerous athletic events. 
The most frequently used method for evaluating trunk forward flexion 
is the sit-and-reach test. It provides a simple measure of flexibility in 
the hip, spine and hamstring muscles [5]. The sit-and-reach or finger-
to-floor tests show a high relationship to hip joint values a negligible 
effect to low back mobility [4, 6, 8]. However, there are few reports 
relating total back flexibility to it [3]. 

For enhance performance the trunk forward flexion is important at 
first to point out the mobility of each joint in it. Awareness of the 
range of motion (ROM) in each joint associated with total trunk for
ward flexion allows the selection of which the structures most restrict 
the motion. 

A good review of the methods and guidelines for measurements 
the ROM of joint is given by Hubley-Kozey [2]. A few authors [5, 13] 
report measurement methods for knee extension, whereas a extension 
movement is quite complicated and problematic because a number of 
the muscles and tendons in the lower extremities cross the knee joint. 
Most of the methods for spinal flexibility record the ROM in the 
lumbar spine [7, 9, 14]. In trunk forward flexion it is also important to 
consider the flexibility in the upper segments of the vertebral column. 
Analogously to the method of Macrae and Wright [7], Jackson and 
Baker [3] determined total back flexibility by measuring the erect dis
tance between the point below the lumbasacral joint and the seventh 
cervical vertebrae and subracting this from the flexed distance 
between those points. 

Little information exists on how the body segment configurations 
influence measurements of hamstring muscles tightness as determined 
by the test of trunk forward flexibility. Sharpe et al. [10] report that 
the sit-and-reach test scores performed with ankle dorsiflexion and 
plantar flexion are less than with ankle dorsiflexion alone by approxi
mately 0.04 m. 

Extensive cross — sectional data on trunk forward flexion at vari
ous ages have now been obtained by through the Canada Fitness Sur
vey [11, 12] but it is still unclear how the ROM at the vertebral col
umn, the hip and knee joints influence total trunk forward flexion. 

The aim of this investigation was to evaluate the consistency of 
trunk forward flexion by different measurement methods and the 
contribution of different joints ROM in it. Test scores of the ROM of 
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different joints in total trunk forward flexion allow to determine their 
déficiences for individuals which will be useful in establishing a flexi
bility procedure and help to perform right selection for certain athletic 
events based, in part, on flexibility test scores. 

MATERIAL AND METHODS 

Subjects 

Thirty modern gymnasts aged 7-9 participated in the study. They 
trained three times a week for an average of 90 min. for each session. 
Informed consent was obtained from each subject beforehand. No 
subject had any limitation of joint movement due to injury. 

Measurements 

Sit-and-reach. The subject placed the soles of both feet against the 
testing box which had a height of 0.3 m. The zero point of the meas
urement was taken from the edge of the box. The linear measurement 
to the nearest half centimetre was obtained by having the subject reach 
and hold his maximum distance for two seconds.The feet were to
gether and the knees fully extended. 
Stand-and-reach. The subject stood on the testing box rotated verti
cally. The measurement procedure was the same as in the sit-and-
reach test. 
Back forward flexibility. The subject was asked to hold his arms be
hind his head. The gravity goniometer was fastened to one side of the 
chest (midaxillary line) at nipple height. The subject was informed at 
first to bend forward with a straight vertebral column (the first point). 
This allowed a determination of the ROM of flexion in the hip joint 
and then to perform a maximum trunk forward flexion (the second 
point). The test scores were recorded in both points. The difference 
between the results for the two points was calculated and recorded as 
the estimation of vertebral column flexibility. The same procedure was 
performed in the sitting position. The subject was then instructed to sit 
with the legs extended forward forming an angle of 90° with the 
straight back. 
Knee extension. The special instrument was constructed to measure 
the knee extension (Figure 1). The knee extension range of motion 
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Figure 1. Instrument for measurement the knee extension 



was recorded by linear measurements with specification 1 mm. A spe
cial scale was engraved on an istrument slate. The knee extension was 
measured with the subject sitting on an examination table. The ankle 
was maintained at 90°. The toes were extended and fitted under the 
measurement plate. The height of measurement plate was recorded. 
The subject was then asked to lift his heels up as much as possible 
keeping the thighs on the table. The second height of the plate was 
taken and interval accounted. The interval was observed as the knee 
extension ROM. 
Reliability of measurement. The reliability of the knee extension 
measurement was determined on 15 of the subjects. The intertester 
coefficient correlation was r = 0.97 (p < 0.000...) and intratester 
r = 0.95 (p < 0.000...). The reliability and accuracy of the goniometer 
measurement are accepted by most of investigators [1,2]. 
Procedure. All measurements were produced under the same condi
tions: temperature, time, warm up exercises and by one tester. In all 
measurements no external forces were used. Height and weight were 
recorded prior to testing flexibility. 
Statistics. A standard Statgraphics package was used to estimate 
means and standard deviations. Pearson Product moment correlation 
coefficients between test scores were established and regression mod
els were constructed for trunk forward flexion. 

RESULTS 

Anthropometric characteristics of the subjects are presented in Table 
1, the results of ROM in Table 2. 

Table 1. Age, height and mass of modern gymnasts (n = 30) 

Parameter Average Standard deviation 
Age (yr) 8.37 0.72 
Height (m) 1.31 0.05 
Mass (kg) 24.92 2.77 

63 



Table 2. Means ± standard deviations of flexibility of several joints in the 
modern gymnasts(n = 30) 

Standing position 
Hip flexion 
Trunk flexion • 
Vertebral flexion 

Stand and reach 

91.86 ± 17.68 
148.40 ± 11.94 
56.70 ± 17.15 
14.1 ± 3.7cm 

Sitting position 
Hip flexion 
Trunk flexion 
Vertebral flexion 

Sit and reach 

44.10 ± 10.88 
73.47 ± 12.64 
29.70 ± 9.07 
15.2 ± 3.6cm 

Knee extension 1.35 ± 0.94 cm 

Note. Results are given in degrees unless stated otherwise. 

Vertebral flexion in the sitting position was more than 50 percent 
lower than in the standing position. ROM of the hip flexion and in the 
total trunk forward flexion was smaller in the standing position than in 
sitting position. To compare the hip flexion and trunk flexion results 
in the standing position with the corresponding results in the sitting 
position, the configuration of body segments — trunk and lower ex
tremities under the angle 90° in sitting position must be taken into 
account. 

Hip flexion ROM formed from the total trunk forward flexion in 
standing position 62% and sitting position 68%, vertebral flexion 
respectively 38% and 32%. Proceeded from correlation matrix (Table 
3), multiple regression model was constructed by stepwise variable 
selection procedure to determine the variation in trunk forward flexion 
values in the sitting position: 

с = -4.31 + 1.04d+ 1.07f 
where: с — total trunk forward flexion, d — hip flexion (t — 33.08 
p < 0.000...), f — vertebral column flexion (t — 28.25 p < 0.000...). 
The variables were in degrees. The multiple correlation coefficient 
was 0.98. The influence of independent variables d and f are presented 
as component effects plot (Figure 2, 3). 

Table 3. The Pearson Product Moment correlations coefficients between 
different tests. 

1 2 3 4 5 6 7 8 9 
Standing position 
1. Hip flexion 1.00 
2. Trunk flexion 0.40* 1.00 
3. Vertebral flexion -0.76** 0.29 1.00 
Sitting position 
4. Hip flexion 0.57** 0.23 -0.43* 1.00 
5. Trunk flexion 0.51** 0.49** -0.19 0.67** 1.00 
6. Vertebral flexion -0.01 0.41* 0.29 -0.30 0.50** 1.00 
7. Sit and reach 0.40* 0.64** 0.03 0.53** 0.52** 0.06 1.00 
8. Stand and reach 0.42** 0.69** 0.05 0.60** 0.61** 0.10 0.91** 1.00 
9. Knee extension 0.40* 0.29 -0.21 0.57** 0.50** -0.03 0.47** 0.47** 1.00 

p < 0.05 ** p < 0.01 
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Figure 2. The influence of hip flexion component on trunk forward flexion. 
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Figure 3. The influence of vertebral column flexion component on trunk 
forward flexion. 
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The simple linear regression equation to predict the total trunk 
forward flexion was 

к = 12.7 + 0.18r 
It was established from test scores of linear measurements, where к — 
sit and reach (cm) and r — knee extension ROM (mm). Intercept 
parameter t — 12.07 p < 0.000... and slope parameter accordingly 
2.82 p < 0.008, correlation coefficient r = 0.47. The influence of knee 
extension ROM in trunk forward flexion illustrates Figure 4. 
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Figure 4. Regression line for trunk forward flexion in knee joint. 

DISCUSSION 

Several authors [2, 15] have documented the high relationship 
between sit-and-reach and fingertip — to floor or standing toe touch 
tests. The present results confirmed this and have also showed that the 
hip joint flexibility in the sitting position is greater than in the standing 
position (Table 2). It may be explained by the different lengths of the 
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muscles and hamstrings which depend on the positioning of limbs. In 
the sitting position the muscles stabilizing the standing position are 
less contracted and permit more forward range of motion. The reverse 
conditions existed for ROM in vertebral column. In the sitting posi
tion, ROM of the vertebral column decreased approximately two 
times. It allows to assume that hip flexion hinders motion in the verte
bral column. These phenomena may explain the balance of two tests 
scores mentioned above. In the same time increased total trunk 
forward flexion in the sitting position must be considered. These re
sults suggest a complicated movement at several joints in the trunk 
forward performance. From the total ROM in trunk forward flexion 
62-68% was attributable to the hip joint mobility and 32-38% to 
vertebral column flexion. This fact must be considered enhance when 
trying to flexibility. It suggests that to improve forward flexion pri
marily in hip joint would be considered primarily. To evaluate the 
contribution of vertebral column flexibility to trunk forward flexion on 
sit-and-reach test performance it is important to note that recent find
ings of several authors [4, 6, 8] do not support the validity of sit-and-
reach test as a suitable measure of low back flexibility that previously 
was supposed [11, 15]. Low correlation coefficient 0.07 between sit-
and-reach test and total back flexibility as reported by Jackson and 
Baker [3] is consistent with the present findings (0.03-0.06). Another 
relationship was recorded between total trunk forward flexion meas
ured by gravity goniometer and total vertebral flexion in the sitting 
position (0.50 p< 0.001). Reason of inconsistency with previously 
confirmed statements may be occurred from different measurement 
units or caused by different age of subjects. 

The stepwise regression analysis tests scores obtained in degrees 
confirmed that beyond the hip flexion, total vertebral flexion is most 
predictive independent variable in trunk forward regression model. 
Considering that vertebral flexibility is not easy to enhance and even 
harmful, the selected young gymnasts must preferably have a good 
total vertebral flexion. 

Well spread and commonly recommended straight leg raise test is 
performed as flexibility measurement procedure in hip joint and ham
string, but it does not allow to determination of their separate influ
ences. To remove these disadvantages a special instrument was devel
oped to measure knee extension ROM what is directly conducted with 
harmstring location. It was assumed that ROM of knee extension char
acterizes more exactly harmstring flexibility. This method is free from 
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external assistance as it usually occurs in the straight leg raise test. 
Additionally the external forces are complicated to determine and are 
not usually employed in the sit and reach test. 

In spite of the fact that knee joint ROM extension was quite re
stricted, a simple regression was conducted and the sit-and-reach test 
was predicted by knee extension ROM. According to linear model 
equation the sit-and-reach test result may be increased by approxi
mately 2 cm by increasing the ROM in knee extension 10 mm. The in
fluence of knee extension ROM to the trunk forward flexion con
firmed the significant correlation coefficient between ROM in knee 
extension and different tests scores of trunk forward measurements. 

In conclusion, the tests scores obtained by used methods in this 
study permit to receive more information about the range of motion at 
different joints what may be useful to take account in enhance proce
dure of trunk forward flexion. 
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THE USE OF PHOTOGRAPHS IN LONGITUDINAL 
KINANTHROPOMETRIC ANALYSIS 
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ABSTRACT 

Photographs of 18 boys taken annually for five years were analyzed 
and measurements of stature, tibial length and bi-acromial breadth 
were recorded. These results were compared with data obtained from 
the Coquitlam Growth Study (COGRO) and subjectively the test re
sults appeared to follow a similar pattern. Sources of error in obtaining 
photographic measurements are described. The test results were con
verted to z-scores to see if any differences in proportionality occurred 
over the five years. The results were subjected to a related one-way 
analysis of variance. Significant differences (p < 0.01) were obtained 
for both sets of data and the variance located by Newman-Keuls post 
hoc tests. To examine if there were any correlations between the pro
portionality of tibial length and bi-acromial breadth, the z-scores were 
analyzed by a Pearson Correlation test. A non-significant correlation 
was found suggesting that there are no uniform increase in dimensions 
during growth. The mean z-score results were compared with those 
calculated from the COGRO data and some similarities observed. 
Application of proportionality measures are suggested in clinical and 
sporting contexts. 

KEY WORDS: Photographic measurement, Anthropometry, Boys 
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INTRODUCTION 

Anthropometrical measurements have been taken from photographs 
for several years. From a study by Tanner and Weiner [5] it was con
cluded that photogrammetric measurements in general were as reliable 
as measurements taken from the living model. 

From one occasion to another, posing differences accounted for 
two-thirds of the measurement error. In an attempt to standardize the 
posture of the subject Dupertuis and Tanner [2] described a pose 
which they suggested should be adopted by fellow investigators. 

The major advantages of using photographs in the measurement of 
body parts are that the researcher has a permanent record of the sub
jects appearance to refer back to at any time. Any measurement may 
be repeated with the confidence that the subject has not moved. 

The purpose of this study was to investigate the use of photographs 
in longitudinal kinanthropometric analysis. 
There are three distinct parts to this study: 
1. a comparison of photographic measurements with the Coquitlam 

Growth Study Age-Sex Prototypes (COGRO); 
2. an examination of the proportionality differences of the test sub

jects; 
3. a comparison of the mean proportionality differences between the 

test subjects and subjects in the Coquitlam Growth Study. 

METHODS 

Black and white transparencies of eighteen boys were analyzed. Ante
rior, lateral and posterior views of each subject had been photo
graphed annually from the ages of 11 to 15. Measurements were ob
tained from the anterior views of each subject. 

In the anterior views the subjects, wearing only shorts, assumed an 
upright stance with upper limbs in the position of rest [6] or the stan
dard front view as described by Dupertuis and Tanner [2]. 

The transparencies were projected (Kodak Carousel S-AV 2010 
Projector) on to a flat white wall. In an attempt to reduce distortion of 
the images the projector was placed on a stand 120 cm high, 10 m 
from the wall. In this position it was unnecessary to elevate the front 
or back of the projector. 
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Two lines 1 metre vertically apart were marked on the wall. On 
each transparency a metre reference stick was positioned to the side of 
the model. When the slides were projected the reference metre rule 
was lined up with the markers on the wall by adjusting the projector 
focal distance. 

In each photographic session the subjects were positioned in front 
of a grid. This made it easier to measure the horizontal and vertical di
mensions. 

Each image was focused and the following measurements obtained 
with a standard three metre metal measuring tape (Rabone Chester-
man), for height and a sliding anthropometer (Holtain) for breadth. 
a. height — vertical distance from the vertex to floor 
b. tibial length — most proximal point of the medial tibial condyle to 

the distal end of the medial malleolus 
c. bi-acromial breadth — horizontal distance between the lateral 

borders of the acromion processes. 
All landmarks were those indentified by Ross et al. [4] and 

measurements described by Ross and Wilson [3]. 
These measurements were selected for the study as the bony land

marks were all exposed in the anterior view photographs. One major 
restriction of using photographs is that it is impossible to measure 
girths, thicknesses and volumes. 

RESULTS AND DISCUSSION 

Comparisons with other data 

The scores were recorded and the means and standard deviations for 
each age group calculated as shown in Table 1. 

It can be seen that the COGRO values (in bold) are consistently 
larger than the present study, but the trend is very similar. For height 
and bi-acromial breadth the mean values of the British study lie be
tween the 50th and third centiles of the Canadian subjects. For tibial 
length, the difference is quite marked, with the British mean results 
lying below the third centile of the COGRO boys. The details of the 
subjects participating in the Coquitlam study and the methods of 
measurement were not recorded. Thus more detailed comparisons 
between the two groups may be inappropriate, especially as the Co-
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quitlam group appear to be cross-sectional in nature, whereas the 
present study is longitudinal. 

Table 1 : Means (standard deviations) for height, tibial length and bi-
acromial breadth for each age group 

Age N Height Tibial Length Biacromial breadth 
11 18 138.7(5.8) 32.2 (2.4) 30.2 (1.3) 
11 26 143.1 (6.9) 38.3 (2.7) 31.0(1.9) 
12 18 143.5 (6.9) 33.7 (2.6) 31.0(1.4) 
12 33 149.2 (6.4) 39.0 (2.5) 31.8 (3.2) 
13 18 150.7 (8.0) 35.8 (2.9) 32.0(1.6) 
13 35 159.2 (6.9) 43.0 (2.6) 34.3 (1.9) 
14 18 158.2(8.6) 37.8 (2.9) 33.7(1.8) 
14 76 165.5 (8.6) 44.4 (2.9) 35.5 (2.4) 
15 18 165.7 (9.2) 39.3 (2.9) 35.3 (2.1) 
15 77 170.5 (8.7) 45.5 (2.9) 36.9 (2.4) 

The above compares data between two studies that provide the 
necessary information. A more general comparison between the height 
values of the present study and UK normative centiles [1] is shown in 
Figure 1. It can be seen that this sample lies close to the 10th centile of 
the UK population (circles) and that the COGRO values (triangles) lie 
at about the 25th centile. It is clear that in relative terms these boys are 
on average small and this could be explained by their socio-economic 
origins. The children from the present study came from a relatively 
poor neighbourhood in the North of England and would not have had 
the nutritional benefits at a young age of boys from a better socio
economic background. There may also be some secular change as the 
comparison between the present study and the data provided by 
Buckler is some 10 years apart. However, this is not likely to account 
for much of the difference. 

The photographic subjects had not been measured by any other 
method, therefore, the accuracy of the figures obtained remain un
tested. However, Tanner and Weiner [5] found in their study that these 
dimensions may be 'relatively reliable' obtained from photographs. 

The benefits of taking photographs for growth purposes is that cer
tain analyses may be undertaken retrospectively from the permanent 
record. It must, however, be recognized that sources of error from 
photographs occur and these include: 

• identification of bony landmarks due to hair, muscle and adipose 
tissue overlay 

• the quality of the exposure of the photograph 
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• the quality of the projection facilities which must be designed to 
avoid 'shadowing' 

• the accuracy of the measurements from the photographs, although 
the use of a sliding anthropometer assisted this process 
ensuring consistency of posture for every photographic occasion. 
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Figure 1: Gentiles of height. 

Proportionality difference between the test subjects 

Ross and Wilson [3] developed a stratagem for proportional growth 
assessment. Central to the stratagem is a phantom which is a concep
tual unisex, bilaterally symmetrical model derived from reference 
male and female data. 

In comparing measurements to the phantom, raw data has to be 
converted to a z-score. 
These z-scores are calculated from the equation: 

z = 
170.18"' 

v(-JT)-p 

where: 
z = a proportionality value of z-score 
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V = any variable 
s = the phantom standard deviation for the given variable 
h = the subjects height 
d = dimension exponent (1 for both values in this study) 
p = phantom value for the variable 
N.B. 170.18 is the phantom height constant. 

In interpreting the results, a score of 0 suggests that the particular 
measurement is in proportion to that of the phantom. Positive scores 
indicate the dimension is greater than the phantom and a negative 
value proportionally smaller. 

Z-scores may therefore be used in analysing proportional differ
ences within a subject, between subjects, between the same subjects 
on different occasions and between a subject and a prototype. 

The tibial and bi-acromial measurements from the 18 test subjects 
were converted to z-scores (Table 2). For comparison the COGRO 
data is also shown in the table. 

Table 2. Mean scores for tibial and bi-acromial z-scores for present 
study and COGRO data 

Age Present study COGRO data Age 
Tibial Biacromial Tibial Biacromial 

11 0.28 -0.50 2.95 -0.61 
12 0.48 -0.69 2.48 -0.93 
13 0.69 -0.95 3.18 -0.72 
14 0.71 -0.89 3.02 -0.77 
15 0.59 -0.92 2.90 -0.64 

The mean tibial z-score results show that in both data sets (UK and 
COGRO) and at all ages, the length of the tibia is proportionately 
greater than that of the phantom. This implies that the COGRO boys 
especially had longer tibia than the unisex phantom which is rather 
surprising when one considers that a comparison is being made with 
adults and in some cases pre-adolescent boys. The other feature of the 
tibial results is the pattern of proportionality change. A peak is 
reached in both the UK and COGRO data at age 13-14 which would 
be consistent with the height growth spurt in boys. The bi-acromial 
values in the COGRO subjects appears to be proportionately lower 
than the phantom and only at age 15 is the trend starting to change 
back towards proportional growth. In the present study it is staying 
relatively small to at least age 15 when the measurements stopped and 
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could easily not reach proportionality until the children were older. As 
stated earlier it is unwise to make detailed comparisons because of the 
nature of the data sets. It is worth noting, however, the consistency of 
the bi-acromial scores which in both sets of data are all negative 
indicating a proportionately small breadth than the unisex phantom 
and yet very similar in absolute values. 

If all parts of the body were growing proportionately larger over 
time, there should be a positive and significant correlation between the 
z-scores for bi-acromial and tibial values. A Pearson Product Moment 
Correlation at each age revealed non-significant correlations. This 
confirms the observation that growth patterning lacks uniformity with 
the distal parts usually elongating before the proximal parts. 

To assess if any differences in the proportionality of tibial length 
and bi-acromial length between the test subjects and within the same 
subjects over the 5 year period, the data were submitted to a related 
one-way analysis of variance. The results are summarised in Tables 3 
and 4. 

Table 3. Source of variance table — tibial length 

Source of 
variance 

Sum of 
squares 

(SS) 

Degrees of 
freedom 

(DF) 

Mean 
squares (MS) 

F ratios 

between 
conditions 2.26 4 0.56 

F 4.68 = 3.91 
C.V. = 2.51 

3.62 
p<0.01 

subjects 38.71 17 2.28 F 17.68= 15.83 
C.V. = 1.72 

2.15 
p<0.01 

error 9.82 68 0.14 

total 50.78 89 

From the tables it can be seen that there are significant differences 
between the different ages and between the subjects in both sets of 
data. 

To locate where the differences occurred between the ages, the 
data were further analyzed in a Newman-Keuls test. These results are 
summarised in Tables 5 and 6. 
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Table 4. Source of variance table — bi-acromial breadth 

Sourse of 
variance 

Sum of 
squares (SS) 

Degrees of 
freedom (DF) 

Mean 
squares 
(MS) 

F ratios 

between 
conditions 2.76 4 0.69 

F 4.68 = 6.90 
C.V. = 2.51 

3.62 
p<0.01 

subjects 22.27 17 1.31 F 17.68 = 13.10 
C.V. = 1.72 

2.15 
p<0.01 

error 6.81 68 0.10 

total 31.84 89 

Table 5. Tibial length z-scores: Summary of Newman-Keuls test 

Age 11 -> 13 significant at 0.01 level 
Age 11 -> 14 significant at 0.01 level 
Age 11 -> 15 significant at 0.05 level 

Table 6. Bi-acromial breadth z-scores: Summary of Newman-Keuls test 

Age 11 -> 13 significant at 0.01 level 
Age 11 -> 14 significant at 0.01 level 
Age 11 -> 15 significant at 0.01 level 
Age 12 -> 13 significant at 0.01 level 
Age 12 -> 14 significant at 0.05 level 
Age 12 -> 15 significant at 0.05 level 

Table 5 shows that for tibial length, the low z-value at age 11 (Table 
2) is contributing most to the differences observed. With the bi-
acromial z-scores it is only the differences between ages 11 and 12 
which are non significant. 

The merit of this study is that once serial photographs have been 
obtained, it is possible to determine growth patterns of individuals, of 
individuals relative to groups and of different components of the body 
relative to each other. This enables relative development to be tracked 
and to show any abnormality or growth differential at an early age. 
Not only is there a great variation in the final size and shape after 
growth ceases, but the time of maximum adolescent growth and the 
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speed of growth at this time shows great individuality. In by far the 
majority of cases such variations are within the realms of normality 
although they may be different from what is considered normal. This 
study has shown, for examples, that although the average child's 
height is below average for the UK norms, the growth patterning of 
height is perfectly normal. There is a clear sequencing of the different 
bodily components with the more distal parts preceding the proximal 
bones. Thus the initial acceleration of the hands and feet is followed 
by the calves and forearms, followed by the thighs and upper arms and 
finally the hips, chest and shoulders. This demonstrates why the pat
terning of the tibial measurements, representing the lower leg, pre
cedes the biacromial measurements. 

The technique described in this study was first described over 
20 years ago and has since been utilized by relatively few kinanthro-
pometrists with the exception of those trained by Ross and colleagues. 
The other reason for a dearth of literature in this area is that relatively 
few longitudinal studies have kept appropriate photographs. It is rec
ognized that the same anthropometric records made at the time and 
recorded longitudinally could yield the same data set. Most longitudi
nal studies merely report the changes as a univariate function over 
time and fail to attempt a relative growth index as provided by the z-
score procedure. Also, as has been demonstrated here, it is possible 
retrospectively to take a series of photographs and examine propor
tionality. These photographs were especially posed to obtain the maxi
mum clarity of anthropometric landmarks. However, provided one in
dependent linear measurement were known (e.g.height) it would be 
possible to undertake a similar assessment from more informal photo
graphs (e.g. children in swimming trunks at the beach) recognizing 
that some scientific rigour would be lost. 

In summary, this paper introduces a kinanthropometric procedure 
for proportional assessment during growth. It can demonstrate devel
opmental patterning based upon an inexpensive procedure, namely se
rial photographs. The procedure could be replicated simply to obtain 
international and multi-ethnic comparisons. 
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CONCLUSION 

Photographs have the clear advantage over other measurement tech
niques in that they provide a permanent record for the researcher. The 
major disadvantages are that the researcher is limited in the measure
ments that can be performed on a two dimensional record and that 
with the delay for the development of the photograph, any positional 
alterations would be impossible. This could be overcome by using 
video recordings. 

In the clinical setting growth disorders may be identified by com
paring a patient's proportionality scores with those of normal subjects. 
Some disorders (e.g., patients with Marfan's syndrome) may be identi
fied with non-invasive techniques such as this. 

In the sporting context body type is influential in the quality per
former. If the potential elite athletes could be identified early then re
sources and training may be directed towards the future champions. 
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ABSTRACT 

The purpose of this study was to compare specific health parameters 
in middle-aged former top athletes of two different physical activity 
levels with both recreational sportsmen and nonsportsmen of the same 
age. In total, 123 males (aged between 40-50 years) were studied and 
divided into four groups, namely physically active former sportsmen 
(n = 34), physically passive former sportsmen (n = 25), recreational 
sportsmen (n = 27), and controls (n = 37). 

The subjects completed the Sharkey's questionnaire which pro
vided information about their physical activity and health risk parame
ters. The chest, abdomen and thigh skinfold thicknesses were meas
ured and body fat percentage was estimated using the bioelectrical 
impedance method. The waist/hip circumference ratio was also calcu
lated. The concentrations of serum cholesterol, HDL-C, LDL-C, TG 
and GL were measured. The physical working capacity at a heart rate 
of 170 beats.min4 was measured using a cycle ergometer test. The 
results of the study showed that the CHD risk factors were lowest in 
the physically active former sportsmen. This group also had the high
est mean physical working capacity but any differences in blood lipid 
and lipoprotein concentration tended to be caused by poor values in 
the physically passive group. A relatively good health, high PWC170 

and low CHD risk in presently active former middle-aged athletes and 
in recreational sportsmen could be explained as a result of their life-
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long regular physical activity, their optimal body mass and their 
relatively healthy lifestyle. 

KEY WORDS: Former athletes, Health risk factors, Physical working 
capacity, Body composition. Blood lipids. 

INTRODUCTION 

In recent years evidence for the independent role of high physical ac
tivity in the primary prevention of coronary heart disease (CHD) has 
grown [3, 22, 27, 41]. It has been shown that physically inactive indi
viduals are 1.9 times more likely to develop CHD than the physically 
active. This finding was independent of other major risk factors [34]. 
The impact of prior athleticism on health behaviour, CHD risk factors 
and physical fitness is a poorly understood issue. This is because the 
lifestyle of top level athletes differ greatly from the general 
population. It was shown that health in middle age appears to be more 
strongly related to present physical activity than to prior college sport 
participation [28, 29]. Previous athleticism has little apparent impact 
on current health, suggesting that present exercise has more effect on 
specific clinical variables [6]. It was also shown that former athletes 
tended to maintain their physical fitness advantage over non-athletes 
in their middle age [9, 35, 36, 38, 43]. However one of these authors 
[9] reported no differences in physical activity during leisure or 
occupational time between former athletes and nonathletes. The 
greater work capacities of the former athletes were indicated by their 
higher levels of exercise tolerance. 

Cooper et al. [7] in a civilian male population and Patton et 
al. [30] in 40 year old and older military males, demonstrated an 
inverse relationship between aerobic power and CHD risk factors. 
There is also evidence that physical training postpones the decline of 
aerobic capacity until at least the age of 65 years [18]. One author has 
shown that aerobic power has a high genotype dependency [20], but 
others assert that the role of heredity is moderate [18]. The role of 
heredity in the fitness of former athletes is inconclusive. 

Numerous studies reveal that in sportsmen, especially in endurance 
sportsmen, the concentration of plasma high-density lipoprotein cho
lesterol (HDL-C) is high [2, 39]. The concentration of total cholesterol 
(CHOL), low-density lipoprotein cholesterol (LDL-C) and triacylglyc-
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erols (TG) are reduced [10], thus decreasing the CHD risk. A high 
aerobic capacity is shown to correlate negatively with CHOL and 
TG [26] and positively with HDL-C [2]. On the contrary, Huttunen et 
al. (16) observed no relationship between LDL-C or HDL-C and the 
maximal oxygen consumption (VO2 max) in middle-aged males. 

The purpose of this study was to compare specific health parame
ters in middle-aged former top athletes of two different physical activ
ity levels with both recreational sportsmen and nonsportsmen of the 
same age. 

MATERIALS AND METHODS 

In total, 123 healthy middle-aged (age range 40-50 years) males were 
studied. Participants gave their informed consent and were requested 
to abstain from smoking on the day of the examination. Subjects were 
divided into groups: 

1. Former top level sportsmen who were physically active after dis
continuation of their sporting career (physically active former sports
men, PAFS). They exercised regularly at least at the minimal level of 
the recommendations of the American College of Sports Medicine [1] 
for recreational purposes (n = 34); 

2. Former top level sportsmen who were presently physically inac
tive (physically passive former sportsmen, PPFS). They had stopped 
their training and returned to a predominantly sedentary lifestyle after 
discontinuation of their sporting career 10-15 years ago (n = 25). 

The former sportsmen in both groups had participated at national 
or international level in endurance sports events (e.g. runners, orien-
teers, skiers etc.) or sports games (e.g. basketball, volleyball etc.) for 
several years; 

3. Recreational sportsmen (RS), moderately active throughout their 
lives who undertook aerobic exercise 3-4 times a week (n = 27); 

4. A control group of men who rarely engaged in sports or physical 
activities (n = 37). Only subjects reporting no history of chronic dis
eases were included into the study. The subjects completed an ad hoc 
questionnaire that provided information about the quantity and quality 
of their physical activity. Their health risk parameters were estimated 
using the questionnaire and the scale of evaluation recommended by 
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Sharkey [40]. The values of the following complex of health risk fac
tor were calculated: 

1. Risk for coronary heart disease — by summing the indices of 
smoking, heredity, body mass, stress, physical activity etc.; 

2. Risk related to health habits — on the basis of the indices of 
food intake, sleeping, alcohol consumption etc.; 

3. Medical factors, that consisted of general health status and the 
consumption of medicines; 

4. Safety factors, which included car driving, hazardous hobbies 
etc; 

5. Personal factors — by aggregating the indices of education, so
cial factors, occupation and marital status; 

6. Psychological factors based on the indices of depression, anxiety 
and relaxation. 

Body height and mass were measured and the body mass index 
(BMI) using the formula mass (in kg) divided by height (in m 
squared) was calculated. The subcutaneous skinfold thicknesses were 
measured at the chest, abdomen and thigh [23] using metal skinfold 
calipers (Holtain, Crymmych, UK). The body fat percentage was 
measured using the Bodystat-500 bioelectrical impedance method 
(Bodystat Limited, Isle of Man, UK). The waist and hip circumfer
ences [23] were measured using a centimetre tape from which the 
waist/hip ratio was calculated. 

The venous blood samples were obtained in the morning after a 
12-hour fast. Any vigorous physical activity and intake of medicine 
were prohibited for at least 24 hours before the examination. In the 
blood plasma the concentration of CHOL, HDL-C and TG were meas
ured enzymatically using a commercial reagent kits (Labsystems OY, 
Finland). The concentrations of LDL-C were calculated using Friede
wald's equation [12], as was the HDL-C/CHOL ratio. Serum glu
cose (GL) concentration was measured enzymatically using the Boe-
hringer Mannheim GmbH Diagnostica (Germany) kits. 

Physical working capacity of the subjects was estimated by means 
of a graded submaximal cycle ergometer test, performed in the morn
ing. The initial load was set at 100 W and the second one at 200 W. 
The duration of both loads was 4 minutes with a rest interval of 1 min 
between the loads. Exercise heart rate (HR), using the Sport tester 
PE-3000 (Kemple, Finland) were measured in the last 10 seconds of 
both loads. Physical working capacity was defined as a work load at 
HR of 170 beats per min™1 (PWC170) and was calculated by extrapola-
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HR of 170 beats per min-1 (PWCno) and was calculated by extrapola
tion. The PWCno per kilogram of body mass was also calculated. 

Means (x), standard deviations (SD) and linear correlation coeffi
cients r were calculated using conventional statistical methods. Differ
ences between groups were tested for significance using a one way 
ANOVA. Statistical significance was defined as p < 0.05 and when a 
significant difference was observed a test of simple main effects was 
employed (unrelated T test). 

RESULTS 

Differences 

The anthropometric and adiposity characteristics of the four groups 
are presented in Table 1. 

Table 1. Mean (standard deviation) demographic and adiposity values of 
the former sportsmen (physically active, passive and rec
reational) and controls 

PAFS PPFS RS CON 
(n = 34) (n = 25) (n = 27) и с 

Age (yr) 44.9 (7.7) 46.6 (7.0) 43.9 (6.5) 43.6(5.9) 
Height (cm) 178.5 (6.9) 180.1 (5.9) 178.4 (7.1) 176.4 (5.3) 
Mass (kg) 76.3 (9.9) 88.0(13.2) 81.3 (11.8) 82.4 (13.2) 
BMI (kg/m2) 23.9 (2.4) 27.1 (3.8) 25.5 (2.9) 26.4 (3.7) 
Waist/Hips Ratio 0.87 (0.04) 0.92 (0.06) 0.88 (0.05) 0.90 (0.05) 
Fat % 16.1 (3.5) 20.4 (4.2) 16.8 (4.9) 18.9 (4.8) 

Skinfolds: 

Chest (mm) 9.5(5.5) 14.8 (6.9) 12.1 (6.5) 13.3 (5.2) 
Abdomen (mm) 15.1 (7.7) 25.0 (9.6) 20.3 (11.0) 23.6 (10.1) 
Thigh (mm) 10.5 (3.8) 13.1 (4.6) 12.4(4.5) 12.2 (4.5) 
Sum (mm) 36.6(15.3) 52.5 (18.8) 42.7(18.5) 49.1 (17.2) 

PAFS — physically active former sportsmen 
PPFS — physically passive former sportsmen 
RS — recreational sportsmen 
CON — control group 

There were, non-significant differences between the parameters of 
mass, BMI, and all skinfold measures between the groups with the 
exception of the physically active former sportmen. This group had a 
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significantly lower BMI, and significantly lower skinfold values. The 
measures of waist/hips ratio and fat % showed differences between 
more than one pair of the groups. This is shown in detail in Table 2 
which indicates the levels of significance between all groups. 

Table 1 shows that the all mean skinfold values are lower in the 
PAFS group. Table 2 shows the detail of the group significant differ
ences and it can be seen that consistently significant differences occur 
between the PAFS and PPFS groups. Chest, abdomen and sum of 
skinfolds are also significantly different between the PAFS and 
control groups but the only other significant difference is between the 
PAFS and recreational former sportsmen group for the abdomen 
skinfold. 

Table 2. Levels of significance between groups for mass and adiposity 
measures 

GROUPS 
1-2 1-3 1-4 2-3 2-4 3-4 

Mass < 0.001 NS <0.05 NS NS NS 
BMI < 0.001 <0.05 <0.01 NS NS NS 
Waist/Hips ratio <0.001 NS <0.01 <0.05 NS NS 
Fat % < 0.001 NS <0.05 <0.01 NS NS 

Skinfolds: 

Chest <0.01 NS <0.01 NS NS NS 

Abdomen <0.001 <0.05 <0.001 NS NS NS 

Thigh <0.05 NS NS NS NS NS 

Sum <0.001 NS <0.02 NS NS NS 

1 — physically active former sportsmen 
2 — physically passive former sportsmen 
3 — recreational sportsmen 
4 — control group 

The means and standard deviation for the physical working capac
ity and venous blood parameters are shown in Table 3. 

86 



Table 3. Means (standard deviation) for physical work capacity, cho
lesterol, triglyceride and glucose values of the former sports
men (physically active, passive and recreational) and controls 

PAFS PPFS RS CON 
(n = 34) (n = 25) (n = 27) 

P
 и _c 

PWCno (kgm-min ') 1701(346) 1663(337) 1764(411) 1334(278) 
PWCno (kgm-min - 1  kg"1) 22.2(4.3) 19.0(4.0) 21.8(5.2) 16.1(2.7) 
CHOL (mmol I"1) 5.04(1.18) 5.40(1.17) 5.26(0.83) 5.37(1.27) 
HDL-C(mmol Г1) 1.44(0.37) 1.21(0.30) 1.36(0.34) 1.32(0.41) 
LDL-C(mmol Г1) 3.42(1.15) 3.84(1.32) 3.57(0.79) 3.80(1.21) 
HDL-C/CHOL 29.6(8.1) 23.4(8.8) 26.6(6.8) 25.8(9.6) 
TG(mmol Г1) 0.93(0.44) 1.38(0.82) 1.46(0.66) 1.28(0.58) 
GL(mmol Г1) 4.52(0.55) 4.45(0.60) 4.52(0.56) 4.28(0.97) 

PAFS — physically active former sportsmen RS — recreational sportsmen 
PPFS — physically passive former sportsmen CON — control group. 

Three of the parameters (CHOL, LDL-C and GL) showed non 
significant differences between the groups so will not be considered 
further in the results section. HDL-C, HDL-C/CHOL ratio showed a 
significant difference (p < 0.01) only between the PAFS and PPFS 
groups. It is interesting to note that in both these cases the significant 
difference is caused by a lower value in the physically passive former 
sportsmen (Table 3). In the case of the TG measure, the lowest mean 
is in the physically active former sportsmen and this is significantly 
different from the PPFS group (p < 0.01), the RS group (p < 0.001 ) 
and the controls (p < 0.01 ). 

This only leaves from Table 3 the group differences for the physi
cal work capacity values. Table 4 shows these levels of significance 
between all groups for PWCi70 expressed in absolute unit and relative 
to body mass. 

Table 4. Levels of significance between groups for physical work 
capacity measures. 

GROUPS 
1-2 1-3 1-4 2-3 2-4 3-4 

PWCI7,,(kgm-min ') NS NS <0.001 NS <0.001 <0.001 

PWC|7(,(kgm-min"lkg"1) <0.01 NS <0.001 <0.05 <0.01 <0.001 

1 — physically active former sportsmen 3 — recreational sportsmen 
2 — physically passive former sportsmen 4 — control group 
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Table 4 shows that PWCno in absolute unit was significantly lower 
(p < 0.001) only in the controls compared with other groups. The 
PWCno in relative units (per kg body mass) was highest in the PAFS 
group (Table 3). In this measure there were significant differences be
tween all groups except the differences between the PAFS and recrea
tional sportsmen. The results of the analysis of Sharkey's health risk 
questionnaire are presented in Table 5. 

Table 5. Means (standard deviations) of health risk analysis by Shar
key's questionnaire. The higher the number, the lower the risk. 

PAFS PPFS RS CON 
(n = 34) (n = 25) 

P
 

(N II С
 

P
 

m
 

II £
 

CHD Risk Factors 1.4 (3.1) -4.0(5.1) -1.2(4.0) -5.3(4.8) 
Health Habits 1.8(2.3) 1.2(2.7) 1.6(2.1) 0.8(2.4) 
Medical Factors 3.1(1.9) 2.6(2.6) 2.7(1.9) 2.5(2.4) 
Safety Factors -0.5(2.1) -1.3(2.3) -0.9(2.3) 0.2(3.0) 
Personal Factors 3.8(2.3) 2.8(2.7) 3.6(2.1) 2.2(3.0) 
Psychological 
Factors 0.6(1.5) 0.5(1.4) 0.0(1.9) -0.3(1.7) 

PAFS — physically active former sportsmen RS — recreational sportsmen 
PPFS — physically passive former sportsmen CON — control group. 

There were non-significant differences between the groups for the 
health habits and medical factors. In the case of the psychological fac
tors there was only one significant group difference and that was be
tween the PAFS group and the controls (p < 0.05). The significant 
group differences for personal, safety and CHD risk factors are shown 
in Table 6. 

Table 6. Levels of significance between groups for personal, safety and 
CHD risk factors. 

GROUPS 
1-2 1-3 1-4 2-3 2-4 3-4 

CHD Risk Factors 
Safety Factors 
Personal Factors 

<0.001 
NS 
NS 

<0.01 
NS 
NS 

<0.001 
NS 

<0.05 

<0.05 
NS 
NS 

NS 
<0.01 

NS 

<0.001 
<0.05 
<0.05 

1 — physically active former sportsmen 
2 — physically passive former sportsmen 
3 — recreational sportsmen 
4 — control group 
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The CHD risk factors show the greatest number of significant 
group differences with only the mean values for the pair of PPFS and 
controls not achieving significance. The low Safety Factor values for 
the PPFS and RS groups coupled with the high value for the control 
group explains the significant differences shown for this measure. A 
similar explanation is given for the Personal Factors with high values 
in the PAFS and RS groups coupled with the low value in the control 
group. 

Relationships 

The correlation coefficients produced variable results both in terms of 
the relationships between measures and the results for different 
groups. Abdominal skinfold thickness correlated significantly with 
CHOL (r = 0.457, p < 0.02), with LDL-C (r = 0.436, p <0.05), HDL-
C/CHOL ratio (r = 0.469, p < 0.02) and TG (r = 0.472, p < 0.02) but 
this was only in the PPFS group. The waist/hips ratio correlated 
significantly with body fat% in the PAFS group (r = 0.424, p < 0.05) 
in the PPFS group (r = 0.768, p < 0.001) in the RS group (r = 0.810, 
p< 0.001) and in the controls (r = 0.767, p< 0.001). The range of 
correlation values for all groups between body fat percent and waist 
circumference was r = 0.608 (p < 0.001) to r = 0.885 (p < 0.001). The 
similar correlation range between body fat percent and hip circumfer
ence was lower for all groups, going from r = 0.461 (p < 0.02) to 
r = 0.695 (p < 0.001). It must be remembered that although the above 
correlations show reasonable levels of significance, those below 
r = 0.5 are still only accounting for less than 25% of the common 
variance, leaving 75% unexplained. 

DISCUSSION 

Our results confirm the well-established observation that physical in
activity has a negative influence on body composition measures. In the 
PPFS group and in the controls, the measured parameters were in 
general not so favourable as in both physically active groups. 

The results of the Sharkey [40] questionnaire indicated that the 
differences between the groups were especially sensitive for the CHD 
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risk factors. The score of risk was lowest in the PAFS group, being 
even lower than in the RS group. It is thus concluded that the PAFS 
group lead the healthiest life in terms of coronary risk. A contributory 
factor to this cardiac risk factor is the prevalence of smoking. Forty 
percent of the controls smoked, but this figure dropped dramatically in 
the active groups with 24 percent of the PPFS group, 18.5 percent of 
the RS group and only 14.7 percent of the PAFS group. 

The mean absolute value of PWCno was significantly lower in the 
control group compared with the other groups. The mean PWCi70 

relative to kg body mass was significantly lower in the PPFS group 
than in the PAFS group and in the RS group but higher than in the 
control (Table 4). These results are in good agreement with the results 
of an early study by Saltin and Grimby [38] showing that the aerobic 
capacity in former sportsmen after the end of their sports career re
mains higher than in average middle-aged men. Fardy et al. [11] also 
revealed that former athletes have a higher V02 max in comparison 
with their nonathletic peers. The last phenomena may be explained 
genetically, on the assumption that athletes are persons of inherited 
superior physical abilities [5]. However, Dishman [9] reported similar 
aerobic power values in former athletes and nonathletes, even though 
the groups did not differ in actual levels of physical activity. It was 
also shown that when training was maintained, the aerobic capacity of 
master athletes (aged over 40 years) remained unchanged over a fol
low-up period of 10 years [14, 33]. A recent study by Marti and 
Howald indicated that a lack of aerobic training and an increase in 
body fat will strongly and independently influence the rate of age-
related decline in aerobic power, irrespective of the history of prior 
athleticism [25]. Physical working capacity is known to decline with 
age but the rate of decline is very dependent on other factors including 
the level of activity maintained over time. A 5-10% decline has been 
reported per decade for untrained men [8, 15, 36], for older endurance 
athletes [13] and for masters athletes [32]. When intensity, duration 
and performances were matched a five percent decline per decade has 
been suggested [37]. This was also the value proposed in older 
persons who maintain training [42]. As previous work capacity was 
unknown and the subjects of the present study were not especially old, 
extrapolation to earlier performance characteristics are of limited 
value. What is helpful in all these studies is the clear benefits of 
maintaining training, especially for those with the genetic composition 
or motivation to make them highly active in the first place. This study 
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has produced strong evidence that the hierarchy for the aerobic 
capacity of middle-aged subjects is current regular activity levels 
followed by previous levels of aerobic performance. 

The relatively poor physical work performance of the inactive 
group, even when previously high performers, will be a combination 
of physiological factors. Reduction in maximum cardiac output [13] 
and peripheral oxygen extraction [42] are likely causes. 

In the present study the concentration of serum HDL-C was 
significantly higher in PAFS than in PPFS (Table 3). The number of 
smokers, the body mass, the body fat percentage, the waist/hips ratio 
and the abdomen skinfold thikness were all significantly higher in 
PPFS than in PAFS. All these factors are known to influence nega
tively serum HDL-C concentration. On the other hand, physical activ
ity is shown to increase serum HDL-C [2, 39]. The high values for 
HDL-C demonstrates the protective effect of current physical activity 
because of the lower risk of developing coronary artery disease [17, 
24]. The mechanism seems to involve more effective cholesterol re
moval to the liver where it is excreted after catabolysis. 

The HDL-C/CHOL ratio is recognized as an atherogenic index 
which is influenced by endurance training. The evidence from this 
study gives support to this with the inactive group having the lower 
value. The HDL-C concentration was related to PWCi70 only in the 
PAFS (r = 0.356, p < 0.05). This fact coincides with the results of the 
study of Berg and Keul [2], who revealed that a significant correlation 
between serum HDL-C and PWC appeared only at high levels of the 
aerobic capacity, e.g. at higher than 50 mlmin'kg-1 V02max. Some
what surprisingly there were non-significant differences between the 
groups in serum CHOL and LDL-C concentration. Even though mean 
differences were not shown, there were interesting differences in hy
percholesteremia, defined as a concentration of CHOL over 
6.2 mmol Г 1. Twenty four percent of the controls, 24.0 percent of the 
PPFS group, 14.8 percent of the RS group and 14.7 percent of the 
PAFS group had hypercholesteremia. Hyperglycaemia (a concentra
tion of GL higher than 5.5 mmol-Г1) had a different pattern with a 
level of 5.4 percent in the control group, 3.7 percent in the RS group, 
2.9 percent in the PAFS group and none among the PPFS group. 

Several studies have confirmed a relationship between abdominal 
obesity and unfavourable lipid metabolism [19, 21]. In the present 
s tudy  the  abdomina l  s k in fo ld  th i ckne s s  co r r e l a t ed  s i gn i f i c an t l y  w i th  
blood lipid concentrations only in the PPFS. CHD risk are öfter asso-
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ciated with abdominal fat distribution measured as a waist/hip 
ratio [4]. The waist/hip ratio was highest in the PPFS group. 

In summary, the reasons for relatively good health, high physical 
working capacity and a low level of CHD risk factors in middle-aged 
physically active former sportsmen and in recreational sportsmen ap
pear to be associated with their lifelong regular physical activity, their 
optimal body mass and relatively healthy lifestyle. 
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THE LIFELONG CHANGES OF PRECONDITIONS 
FOR AEROBIC ENDURANCE PERFORMANCE 

IN WOMEN 

M. Kohoutek and V. Bunc 
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Prague, Czech Republic 

ABSTRACT 

In this study the lifelong curves of maximal oxygen uptake and Coo
per test indicators in women were constructed to judge both physio
logical and kinanthropological level of diagnostics. In order to con
struct them, the average performance values of Cooper test original 
and those of chosen experts were used. Similarly original and trans
formed values of V02 max were processed. 

A very similar trend can be seen in both groups of indicators: live 
performance maximum up to the age of 16 followed by mild regular 
regression (nearly linear course) toward the old age. A little later the 
top of motor performance and a rather higher level of motor perform
ance values throughout the lifelong development can be attributed to 
the movement experience and performance motivation. Our results 
support good validity of Cooper test as a field diagnostics parallel of 
laboratory testing of aerobic preconditions. 

KEY WORDS: Aerobic endurance performance, Motor development, 
Lifelong trend. 
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INTRODUCTION 

The maximal oxygen uptake (V02 max) is a basic indicator of pre
suppositions for endurance performance in aerobic regime of the mus
cle work (the main criterion of the aerobic capacity). The lifelong de
velopment of its level has already been satisfactory defined. The val
ues differences belonging to the researched age categories are conse
quences of different methodological approaches (type of workload 
within the spiroergometry: treadmill, cycling ergometer) and are influ
enced by the range and also by type of the research sample (in most 
cases the cross-section investigation, a low n in the small number of 
the longitudinal studies). 

According to physiological cross-section and also longitudinal 
studies the values of V02 max manifest in both men and women a 
significant growth till about 20 years of age during the physical devel
opment, followed by regression toward the old age [1, 2, 3, 4, 7, 12, 
18]. 

In converted values V02 max to 1kg weight regression from the 
adulthood to the old age is mild and nearly linear (about 0.40 ml x 
min„"! x kg"1 for one year [7]. The value curve is on higher level in 
sportively active population than in non active during the lifelong pe
riod [4, 11, 12, 15] and age conditioned regression is lower [11]. The 
development of V02 max is in progress on a significantly lower level 
in women than in men . The differences between men and women are 
surprisingly stabile in adulthood [19]. 

The regression of values of V02 max in women seems to be less 
sheer when compared to men [18]. 

The motor endurance tests are the field diagnostics parallel for 
measurement of aerobic endurance presuppositions (running for the 
time 6. 8. 12, 15, 30 min, 2 km-walking, 12 min-swimming etc. [13, 
17]. The Cooper test (12 min-running) spread in central Europe in the 
70 s and 80 s and since has been used in many, mostly cross-sectional 
investigations. 

Most of measurements were realized in school population [8, 16, 
20, 21], less in sporting population [9] and the least in adults, even if 
selected [14]. According to the research results that were done in large 

The comparison is not quite objective; it is significantly influenced by a 
different level of exercise activity; on the other side, women have got a 
better morphological preconditions for endurance performance. 
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samples of probands [8, 16] the non selected population of women 
reaches the top of aerobic endurance performance already before and 
at about the age of 16. Then a relative sharp regression of performance 
can be seen. The testing of sportively active women has shown that 
this premature start of performance regression is probably the conse
quence of low motivation [14]. 

PURPOSE 

This study was worked out with respect to possible difference between 
some indicators of aerobic performance acquired by the use of motor 
tests — on one hand, and in the laboratory — on the other hand. The 
purpose was to compare the lifelong development, both laboratory and 
field indicators of aerobic endurance performance on the basis of syn
thesis of procurable data from literature and data of ours. The aim of 
the chosen methodological approach was to consider the trend of 
development of the discussed aerobic endurance performance presup
positions. 

METHOD 

The data from cycle ergometry transformed to the values correspond
ing with the treadmill data were used for construction of longlife 
curves course of V02 max values [5,6] . 

In some age categories, V02 max data, that were derived from the 
generally valid subrogation relationship between run velocity and 
V02 max, were worked up [6]. 

On the level of field diagnostics (motor tests) the average values of 
performance in Cooper test for the chosen age categories were run up 
from the results of measurements in big research samples [8, 14, 16, 
20]. These data were complemented with the value of average per

lt was confirmed that the values of treadmill test results are on average 9% 
higher than values from cycle ergometry. 
Number of tested persons: Motor tests: 
MORAVEC et al [16]: representative sample of Czech and Slovak Rep., 
21.692 pupils, age: 7-18; DRABIK [8]: region of Poland, 12.276 pupils, 
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formance of rhe group of 60-75 years old women (n = 14: original, 
non published data). The polynom and logarithm model curves were 
studied with respect to their best similarity to those constructed on the 
basis of real values. None of them responded to the natural trend of 
longlive changes. Therefore the longlive curve of performance in Coo
per test and also the curve of changes of VO2 max were constructed 
not by the use of model values but real values of the test results. 

RESULTS 

The course of both curves (V02 max, Cooper test — Table 1, Fig
ure 1) confirms the stated hypotheses: 
— the top of performance about 15-16 years of age followed steady 

and even, nearly linear performance regression. 
— the course of both curves is approximately the same, even if motor 

performance indicators are on a higher level within nearly the 
whole scope. 

Results indicate that the physiological indicator is running slightly 
ahead of motor performance indicators in the phase of greater growth. 

Table 1 The average values of chosen indicators of the aerobic en
durance performance 

Age Cooper test (m) V02 max 

(ml X min-1 x kg-1 ) 

Age 
n X 

V02 max 

(ml X min-1 x kg-1 ) 

7 1226 1568 33.3 
10 1941 1927 39.7 
14 3099 2145 42.3 
16 2385 2185 41.5 
18 1667 2166 40.4 
35 127 1930 36.6 
50 52 1795 29.7 
70 14 1535 23.1 

age: 8-19; SEMETKA [20]: representative sample of Slovak Rep., 11.931 
pupils, age: 7-14; KOVAR et al. [14]: members of Czech Phys. Educ. 
Ass., 8.180 persons, age: 6-60. 
V02 max.: values of about 1.100 women, either directly measured or de
rived, include longitudinal studies [6]; i.e. 250-350 probands in each age 
category studied, on the average. 
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—- Cooper test —4- V02max/kg 

Figure 1. The comparison of motor and physiological indicators of 
aerobic endurance performance in women. 

Sources: Cooper test: Semetka [20], Kovar et al. [14], Drabik [8], 
Moravec et al. [16], Kohoutek 1992 (non published). V02 max: 
Bunc [5, 6] (longitudinal studies, cross-sectional research, derived 
values) 

X The average value performance on the basis of average perform
ances according to the chosen experts (above). 

DISCUSSION 

Tne course linearity of values of V02 max corresponds to the knowl
edge from literature aoout the veariy regular regression up to the old 
age [10] and it also corresponds to normative constructed by Bunc [6] 
using original data of Czech experts, too [18 19]. Judging from tne 
course of V02 max curve, the linear regression would theoreticaHy 
end on the zero level. Because of the lack of information in the old 
age we suppose that a certain minimum niveau of V02 max continues 
in this period as well. A small shift toward the top of performance in 
motor performance indicators can undoubtedly be attributed to the 
exercise experience. 
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There has not been enough information about performance accord
ing to Cooper test in adulthood and old age so that the motor perform
ance curve of aerobic endurance could be materialized. The cyclic lo
comotion for a given distance as a test of aerobic endurance perform
ance (walking, running) offer further possibilities how to get the valid 
data for the performance evaluation. Nevertheless, a very good life
long coincidence of values of motor performance with values of VO2 
max support a good validity of Cooper test and confirm the right-ful
ness of the utilization of motor endurance tests as a equivalent diag
nostics mean of testing in the laboratory. The estimation of V02 max 
from motor test have been described in literature [6]. The estimation 
reliability is about 10%. 

CONCLUSION 

1. The level of changes in motor performance and V02 max in 
women have shown the same form within the lifelong observation. 

2. The peak of the lifelong aerobic endurance performance in women 
without systematical exercise training is about 16 years of age. 
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