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Abstract—
A birth weight that is too small could signal the occurrence of growth disorders or even growth deficiency, as well as a
variety of disorders of bodily functions, including impaired glucose tolerance, insulin resistance and hypertension. However,
so far the relation between birth weight and aerobic capacity has not been studied.
Objective: To compare the aerobic capacity of physically active young adults with different birth weights.
Methods: 159 people born at full term of a single pregnancy (F: 45%, n = 71; M: n = 88), first-year students studying
Physical Education. In all cases the subjects‟ body composition was estimated, height and weight (BW) was measured, and
the maximal oxygen uptake during exercises performed on an ergometer bicycle was established.
Results: the smallest birth body weight (BBW) was 2200 g; 3% of students (n = 5) were born with a BBW of less than 2500
g, and only 2% were born with BBW deficiency (<2 SDS). Physical development of the respondents was similar regardless
of their gender and their BBW values, except for women born with small BBW (<1 SDS), whose BW was significantly
lower than those born with a higher BBW. A trend of higher incidence of particularly good aerobic capacity in women with
small BBW was observed.
Conclusions:
1.BBW is not a differentiating factor in young adults as regards their maximal oxygen uptake, but in females there is a
tendency for the maximum oxygen uptake to diminish in those born with large BBW (> 2 s);
2. We suggest that when enrolling women for sports disciplines requiring their best aerobic capacity, birth weight should be
taken into consideration, and based on the observations from the study it is furthermore suggested that a search for talent
should be conducted among girls with BBW between 2300 and 3800 g.
Keywords— small for gestational age; birth weight; aerobic fitness.

I.

INTRODUCTION

In some people born with a body size that is too small in relation to their gestational age (Small for Gestational Age, SGA)
growth disturbances have been described, and in subsequent periods of life such people face an increased risk of chronic
metabolic disorders leading to cardiovascular diseases, type 2 diabetes and hormonal disorders within the reproductive
system 1, 2, 3, 4, 5, 6, 7. It has been shown that adults born with body size deficiency are not only shorter, but also often are at a
social disadvantage to those born with larger body weight and length 8, 9, 10, 11. Therefore, can the information on small birth
body size be considered to be a negative factor for people planning to become professional athletes? It has been concluded
that answering such a question requires studying whether birth weight is correlated to maximum oxygen uptake capacity
(VO2 max). It should be emphasized that the importance of this issue has been growing with the increasing incidence of
metabolic disorders in adolescents even before puberty 3, 12, 13, 14.
Birth body size, especially the length and weight, has long been used to assess the maturity of new-borns (as full-term versus
pre-term).Since at least the second half of the 19th century, the assessment of new-born maturity was made on the basis of a
new-born‟s birth body length (BBL) 15. A change in this approach occurred in the 1930s, when a Finnish paediatrician
ArvoYlppö suggested that birth body weight (BBW) should be primarily used for this purpose. Already in 1935, Ylppö‟s
suggestions were included in the recommendations of the American Academy of Paediatrics, and in 1961 the experts of the
World Health Organization recommended that a baby born of a pregnancy lasting at least 37 weeks should be considered to
be full-term, as long as their weight is not less than 2500 grams (g) and babies born weighing less than 2500 g should be
considered premature (i.e., pre-term). In this way, the criterion of BBW was introduced into clinical practice 16. It is still
widely used and considered as a simple and convenient screening tool - babies weighing more than 2500 g are considered
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healthy and as long as there are no obvious abnormalities in their build and/or the functions of particular organs. Althoughit
was soon discovered that such a criterion is too imprecise (and this took place 45 years ago), many medical centres are still
using it today. Meanwhile, since the year 1970, scientific journals began to publish papers on the development of full-term
new-borns born in a good condition, but bearing distinct features of hypotrophy that is with body size smaller than that of the
general population. The classical meaning of the term neonatal hypotrophy was broadened to include intrauterine hypotrophy
(IUGR, Intrauterine Growth Retardation or Restriction), and the broad concept of “a baby too small in relation to the
duration of the pregnancy” (Small for Gestational Age, SGA) was introduced, so that nowadays less importance is placed on
the reason for the slowdown in the growth of the foetus (which often difficult to identify clearly), and more on the necessity
to observe the child‟s development in the following years of life 17, 18, 19, 20. It turned out that in all populations, a percentage
of full-term new-borns is characterized by small body size, and in some of them it is a factor for an increased risk of growth
disorders, impaired glucose tolerance, insulin resistance, abnormal lipid profile, obesity, hypertension or type 2 diabetes in
subsequent periods of life. In 1989, British researchers presented a paper explaining the relation between intrauterine foetal
growth retardation (IUGR/SGA) and the aforementioned disorders. They called their concept the theory of thrifty phenotype,
and in the literature the name Barker hypothesis was adopted, coined from the name of one of the authors 1, 2. In simple
terms, the Barker hypothesis, have now been superseded by “Predictive Adaptive Responses” and “Developmental Origins
of Health and Disease”, assumes that given the inadequate supply of energy to the foetus a change or shift of the method of
regulating foetal metabolism may occur. Foetal development is not interrupted, but runs at a slower pace, and in some cases
disorders detrimental to the growth and health condition of the subject may be observed after birth 1, 2, 4, 21. In consequence of
the foetal metabolic shift and the slower growth rate of the foetus, new-born body size is smaller than normal, and as already
stated, in some cases growth disorders in childhood may appear, which may finally result in short stature 3, 21. We believe that
it is remarkable that despite extensive knowledge of the links between the course of foetal development and the rate of
development and health in the subsequent stages of ontogeny, no papers analysing the potential relationship between birth
body size and aerobic fitness have been published 22. The ability to take up oxygen in an amount to necessary to perform
various physical exercises makes it possible not only to do sports, but above all, to work and perform all the necessary daily
activities.
Aim of the paper: To compare the aerobic fitness of physically active young adults with different birth body weights.

II.
2.1

METHODS

Participants

The study included 159 individuals born at full term from a single pregnancy - female (F 45%, n = 71) and male students (M,
n = 88) of the first year of the Department of Physical Education at the University of Physical Education in Warsaw. All
respondents practiced physical activity on a regular basis - 73% of respondents exercised during trainings organized by the
school or professional sports club, and the remaining respondents participated in individually-organized training sessions.
2.2

Design

The protocol of the study was approved by the local ethics committee. The main criterion for being included in the study was
being a student of first year at the faculty of Physical Education, and exclusion criteria were: 1. chronic diseases; 2.
inflammation requiring pharmacological treatment for four weeks prior to the tests; 3. sustaining injury to the motor system
that requires surgical and/or orthopaedic treatment with the recommendation of limiting physical activity for longer than a
week, within three months preceding the tests. All students participated in this study voluntarily, and those conducting the
study did not teach students any classes during their first academic year, which was considered the lack of conflict of
interests. Prior to testing, subjects were informed of the following requirements: 1. The need to participate in the tests after
having slept the previous night; 2. eating a light meal containing no coffee or strong tea within one hour before the test; 3.
refraining from drinking alcohol and smoking cigarettes for 24 hours before the test. Respondents were instructed not to do
any intense physical activity during the day before the tests. Women during menstruation were excluded from the tests.
2.3

Birth body size assessment

The information on birth body size, duration and whether it was single or twin pregnancy, as well as its course were obtained
from medical records, usually the subjects‟ health booklets. Based on the average birth weight (BBW, g) of all respondents of
the given gender and the value of one standard deviation (SD) from the mean, they were grouped in three classes: those with
BBW in the range of -1.0 SDS to +1.0 SDS, those with BBW less than -1.0 SDS (BBW<-1 SDS) and those with BBW larger
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than 1.0 SDS (BBW > 1 SDS).
2.4

Assessment of the current size and composition of the body

For all respondents, anthropometric measurements were taken in the morning - the current body weight and height and the
circumference of the waist and hips were measured. Based on the results of anthropometric measurements, their body mass
indexes (Body Mass Index BMI, kg/m2) and the Waist Hip Ratio (WHR) were calculated. Body composition was assessed
with the method of bioelectrical impedance. The amount of total body fat (Fat Mass FM, kg and per cent), lean body mass
(Free Fat Mass, FFM, kg and per cent) and water (H 2 O, TBW, Total Body Water) was determined.
2.5

Aerobic fitness assessment

Aerobic fitness was estimated basing on the maximum oxygen uptake (VO 2 max), assessed directly. All measurements were
recorded on a “breath to breath” basis in the resting phase, and during the exercise and post-exercise periods of restitution.
The study used the following scheme: the exercise which was the subject of the test was preceded by a 5-minute warm-up on
the ergometer bicycler with a load of 1 Watt per kilogram of body weight (W/kg) and then (starting from the 5 th minute of
observation at the beginning of the test), every two minutes the load was increased by 0.5 W/kg of the subject‟s body weight.
The subjects performed the exercise at the speed of 50 revolutions of the ergometer flywheel per minute. After finding that
the RQ exceeded 1.0, the workload was not increased, but the subject was recommended to increase the speed of the flywheel
rotation to 60-80 revolutions per minute. The following were adopted as the criteria for ending the test: the refusal of the
respondent to continue or the reduction of oxygen consumption in the subsequent result on the display screen of the
ergospirometer with increasing minute ventilation values.
2.6

Statistical Analysis

For each of the indicators, average values were calculated (SD) and, subsequently with the aid of the t-test for independent
trials, the differences between mean values in the separate groups of men‟s and women‟s BBW were examined. The
significance of differences in the numbers of the study groups was determined by means of the Chi-square test. For all
analyses the level of significance of p<0.05 was assumed.

III.

RESULTS

The average age of male and female respondents was respectively 19.7  0.67 years in the range between 18.3 to 22.7 years
and 19.7 0.73 years in the range between 18.02 to 22.5 years. The average female birth weight was 3327.9  448.9 g in the
range from 2250 to 4420 g, and the average male birth weight was 3523.0  506.9 g in the range from 2200 to 4850 g. In our
sample, only 3% of students (n = 5) were born with a birth weight of less than 2500 g. The average value of the maximum
oxygen uptake, expressed in millilitres (mL) per minute per kilogram of body weight was, for all women and all men, 41.7 
5.1 in the range of 24.9 to 53.3 and 53.2  5.3 in the range of 38.8 to 64.5 respectively, and after normalization it was 0.82 
0.73 SDS in the range from -1.61 to 2.51 and 1.42  0.74 SDS in the range from -0.58 to 2.99 SDS 21.Average normalized
value of VO2 max in men proved significantly higher than in women (p<0.001).
Tables 1 and 2 show the mean values of birth weight and body length and selected indicators of body composition and
maximum oxygen uptake values in men and women surveyed, divided into classes depending on the value of birth weight.

TABLE 1
WOMEN (N=71): SOMATIC FEATURES (MEAN ± SD) ARE PRESENTED DEPENDING ON THE NORMALIZED BIRTH
WEIGHT (BBW, SDS) OF THE SUBJECTS
Abbreviations: BBW, SDS - standardized birth weight; “<1.0” - BBW less than the value of one standard deviation from the
mean value (SDS) of BBW in the research group; “from -1.0 to 1.0” - BBW in the range of -1.0 to 1.0 of standard deviation
from the mean BBW in the research group; “> 1.0” - BBW larger than the value of one standard deviation from the mean
BBW in the research group; BMI - body mass index; WHR - Waist-to-Hip Ratio; Fat mass - fat content in body composition;
Water mass - water content in body composition; * / ** - Body weight, normalized body weight and fat mass in body
composition of women with BBW <-1.0 SDS significantly lower than in other fractions (BBW class “-1.0 to 1.0” SDS and
“> 1.0 “SDS), p <0.05 (*) / p <0.01 (**); #- Average normalized VO2 max in the group of women with low BBW higher than
in the group with high BBW, a statistically significant difference at the level of the trend.
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< -1.0

from -1.0 to 1.0

> 1.0

n=12; 16.7%

n=50; 70.8%

n=9; 12,.%

2635.8±183.97

3371.9±274.27

4001.1±177.65

19.74±1.02

19.75±0.69

19.51±0.49

Body weight, [kg]

55.85±5.23**

61.74±7.22

62.48±4.49

Body weight, [SDS]

-0.320.86**

0.621.19

0.770.74

Body height, [cm]

166.09±5.54

169.98±6.5

170.27±4.51

0.10.91

0.741.07

0.790.74

BMI, [kg/m ]

20.25±1.68

21.3±2.19

21.63±2.42

Waist size, [cm]

67.11±3.78

69.31±5.52

69.71±4.93

Hip circumference, [cm]

88.21±6.27

90.63±8.12

91.98±5.69

WHR

0.76±0.06

0.77±0.07

0.76±0.08

Fat mass, [%]

22.62±5.77

25.64±5.45

24.27 ±8.16

Fat mass, [kg]

11.34±2.73*

14.56±4.19

15.37±4.71

Water mass, [kg]

32.6±2.41

34.5±3.27

36±5.25

Water mass, [%]

60.484.12

60.586.7

65.154.7

43.8±4.8

41.3±4.8

40.9±6.0

#

0.8±0.71

0.53±0.83

VARIABLES
BBW,[g]
Age, [years]

Body height, [SDS]
2

VO2max,[mL/kg/min.]
VO2max,[SDS]

1.13±0.7

TABLE 2
MEN (N=88): SOMATIC FEATURES (MEAN ± SD) PRESENTED DEPENDING ON THE NORMALIZED BIRTH
WEIGHT (BBW, SDS) TESTED
BBW, SDS

< -1.0

from -1.0 to 1.0 n=64;

> 1.0

72.7%
VARIABLES

n=11; 12.5%

BBW,[g]

2729±254.3

3491±280.15

4355±254.84

Age, [years]

19.81±0.67

19.76±0.78

19.95±0.73

Body weight, [kg]

78.2±7.01

75.51±8.29

78.47±6.95

0.930.7
183.43±6.63

0.660.83
181.09±6.49

0.960.7
183.81±5.1

BMI, [kg/m2]

0.791.04
23.23±1.44

0.421.02
23.04±2.45

0.850.8
23.21±1.55

Waist size, [cm]

78.78±4.64

78.52±5.53

80.44±3.51

96±7.33

93.09±5.89

95.83±4.95

0.82±0.07

0.84±0.05

0.84±0.03

Body weight, [SDS]
Body height, [cm]
Body height, [SDS]

Hip circumference, [cm]
WHR

n=13; 14.8%

Fat mass, [kg]

9.48±3.84

9.47±4.14

9.15±3.3

Fat mass, [%]

11.76±4.16

12.64±4.87

11.96±3.3

Water mass, [kg]

50.31±4.1

48.41±4.42

50.75±4.51

Water mass, [%]
VO2max,[mL/kg/min.]

64.432.97
53.2±5.8

64.33.21
53.4±5.4

64.722.31
52.7±4.5

VO2max,[SDS]

1.21±0.87

1.49±0.73

1.26±0.62
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DISCUSSION

The aim of the study was to find the relation between birth weight and physical capacity, and to investigate what proportion
of people born with small body size choose studies in the field of physical education. If the choice of field of study is
regarded as a sign of choosing a future career in a particular area of the market, studying physical education may be seen as
aiming for professions such as a P.E. teacher, sports instructor, coach, organizer of sports events or sports animator. Due to
the demands that both students and graduates working in professions connected with their field of study have to face, the
authors of the study have decided to examine whether small birth body size is reflected in the physical fitness of young adults
studying physical education. Another argument which encouraged the team to pursue this research question was the fact that
small birth body size shows that the body has fewer than the average number of cells, and may increase the risk of growth
disorders and/or metabolic disorders, including impaired glucose tolerance, insulin resistance in the subsequent stages of life
24, 25, 26
.
In literature it is generally estimated that in European populations approximately 5% of individuals are born with birth
weight deficiency (BBW <-2 SDS for population norms) and in other regions of the world this percentage is even 2-3 times
higher 27, 28, 29. In the study group only 2% (n =3; 2 M and 1 F) of all students had a deficiency of body weight. It should be
emphasized that none of the subjects was born with birth weight of less than -2.5 SDS BBW, that is, their weight was above
the threshold of 2000 g. Meanwhile, among babies born in 1991 and 1992, the years when the respondents were born, newborns with birth weight of less than 2000 g accounted for 3% of the population. In other words, 16,000 babies in 1991 and
nearly 15,000 babies in 1992 in Poland were born with BBW between 2000 and 600 g30.
To compare the differences between the BBW of respondents and the general population, researchers referred to the
classification used in Polish demographic annals, where particular classes of BBW are established with every 500 g. It turned
out that all subjects born with the lowest weight would fall into the range of 2001 g to 2500 g, according to the above
classification. Their percentage - nearly 4% - is no different from the percentage of new-borns with BBW in the range of
2001 g to 2500 g in the years of 1991 and 1992, amounting to 4.8% and 4.6% 30. As mentioned above, most of the study
subjects were born in the years 1991 and 1992. It was concluded that the evidence was in favour of asserting that physical
education as a field of study was not chosen by those born with a profound body weight deficiency (BBW <2000 g or BBW
<-2.5 SDS), and the number of physical education students born with less severe weight deficiency is not different from the
general population. Consequently, it can be assumed that among physical education teachers, as well as other professional
groups related to sports and leisure there are very few people born with a profound BBW deficiency. The authors of this
study found no publications describing populations similar to our group in the literature of the subject. In the work of Strauss,
who for 26 years followed a cohort of British children (over 14,000) born in 1970, there are indeed some indications as to the
education and careers of those born with a body weight deficiency, but it is not possible to determine what courses of study
they chose 8. When assessing the status of the British cohort (53% of the initial group took part in the evaluation 26 years
later), Strauss found no vital differences between those born with a weight deficiency and normal body size. Those diagnosed
with hypotrophy (SGA) earned less than those born with larger with body size, they were also significantly shorter (-0.55
versus 0.08 SDS). Interesting observations on the development of people born deficient in body size are also presented in
Stein‟s paper from 2013 and the paper of Hollo from a few years earlier 31, 32. Still, there remains the question concerning the
choice of the field of study by people born with hypotrophy and whether these choices may be different than of those born
with higher birth body size 8, 11.
In view of the fact that the representation of people born with birth weight deficiency in the studied population is modest, it
was decided to investigate whether a smaller reduction in BBW may affect the physical development and aerobic capacity of
young adults. The value of one standard deviation from the mean BBW in the study subjects, calculated separately for all
women and all men, was used in order to divide subjects into classes. Three categories of studied men and women were thus
created: the most numerous class of narrow population standard (from -1 to 1 SDS BBW) and the class of „lighter‟ and
„heavier‟ new-borns in terms of the BBW. It turned out that the BBW of „lighter‟ male new-borns was on average by almost
800 g less (range, differences of 523 g to 1323 g) than the mean BBW for all men and in women it was nearly 700 g less
(between 478 g and 1078 g) than the mean BBW for all female babies. It was therefore assumed that regardless of gender,
such as a significant reduction in the mean BBW can be regarded as a confirmation that the number of cells in the body of
those individuals was so much lower than average that it may have caused differences in terms of their somatic development
against those born with higher body weight. In the last 20 years, abundant evidence has been demonstrated which proves the
hypothesis that the reduction in birth body size in comparison with population norms means the body is equipped in a lower
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than average number of cells in certain organs that it may lead to the establishment of a specific metabolic system
(Developmental Origins of Health and Disease, DOHD) 1, 2, 24, 25. Our study focused only on those born at full term from
single pregnancies, but it should be emphasized that both in literature and in clinical practice a difference is marked between
body size deficiency resulting solely from the fact of premature birth and intrauterine growth retardation in new-borns born
at full term (of gestation longer than 37 weeks). In the first case, the dimensions of the body may be appropriate with respect
to the duration of the pregnancy, whereas in the second they are reduced due to a factor having a negative impact on foetal
nutrition. In such unfavourable conditions for the development of the foetus, a process of adaptation begins, which is
designed to ensure the availability of nutrients for the growth of the most important organs whose functioning is
indispensable for survival - especially the central nervous system and cardiovascular system. These systems are favoured in
terms of distribution of energy. The above process has been described as the theory of “thrifty phenotype”(DOHD)1, 2. It is
worth mentioning that since the validity of DOHD was proved, literature emphasizes the need of recognition of routine
diagnosing of reduction in birth body size in relation to the duration of the pregnancy, which should be treated as a factor
connected with an increased risk of future cardiovascular and renal diseases, impaired glucose tolerance and insulin
resistance (the so called non-communicable disease). Despite numerous publications confirming the validity of DOHD,
studies concerning exercise tolerance in people of varied BBW remain rare. In one of such studies Baraldi et al. presented a
performance evaluation in children aged from 7 to 12. They found no difference in exercise tolerance in exercises performed
on a treadmill for children born with significantly reduced BBW (Very Low Birth Weight, VLBW) and normal weight
(Appropriate for Gestational Age, AGA) 22.
4.1

Body composition of respondents

What was surprising was the lack of significant differences between the body size in subjects with varying BBW - and the
difference between the lightest and the heaviest new-borns amounted to more than 2 kg in women and 2.5 kg in men. The
exception concerned women born with low birth weight (from the „light‟ new-born class), which as adults proved to be
significantly lighter (0.01) than women weighing more at birth. Women with small BBW also had on average less (0.05) fat
in the body composition than those weighing more at birth. However, when the content of body fat was expressed in per cent,
it was discovered that BBW is no longer a factor making them stand out among those with a higher BBW. It was discovered
that the amount of fat and lean body mass expressed in kilograms significantly positively correlated with BBW in women
(0.001 for FM, kg; 0.01 for FFM). This observation is important in light of the results of the research by Jogkeker‟s et al.
(2007), who found that smaller birth body size may predispose the individual to the development of insulin resistance, and
larger size - to the increased risk of cardiovascular diseases 31. It should be emphasized, however, that the concept of the
early development of insulin resistance in the SGA is based on the assumption that the metabolic shift in foetal development
resulted in a deterioration of the muscular system development, which has not yet been sufficiently demonstrated.
Among the respondents there were no people with short stature. The lowest male body height was -1.7 SDS (BBW 3200 g
and 56 cm BBL), and for women only -1.4 SDS for the population of Warsaw. Therefore, short-statured people of body
height of less than -2 SDS, who account for about 3% of each population, were not represented among the respondents.It was
discovered that regardless of gender in the class of people with low BBW, the lowest body height was -1.1 SDS, that is only
slightly below the lower limit of the normal body height in the population (narrow population norm - between -1 to 1 SDS).
It was surprising that the body height for more than half of the number of men classified as having low BBW exceeded 1.5
SDS for the population of Warsaw, with the tallest male subject (1.97 SDS) also being the tallest person (taking into account
both average body height both for men and women) among all subjects (n = 159). It has been assumed, therefore, that those
in the class of small BBW were people who in childhood quickly made up for the deficiencies of the foetal period and
displayed no growth abnormalities typical of some SGAs 21. It should be stressed that the reported observations are not
consistent with the results of the final evaluation of body height among born with body size deficiency, since for more than
40 years many authors have been describing characteristic growth disturbances in a percentage of SGAs and, consequently,
smaller final body height than among the AGA 21, 34, 35, 36. It may be recalled that almost 20 years ago, in 1993, Paz first
described the results of measurements of body height of a cohort consisting of nearly 2000 young men 37. It turned out that
those who were born with smaller body size were at the age of 17 significantly shorter than those born with normal body
size, and the risk of achieving the final body size below the 10th percentile of the population standard was 4 times higher in
the group with deficiencies of birth body size. The incidence and seriousness of growth disorders resulted in the recognition
of short stature in SGA children as routine indication for treatment with recombinant human growth hormone 21, 39. It should
be noted that none of the students that were interviewed declared that in childhood they were observed and treated for growth
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disorders. And therefore the study group included only those whose growth after birth, regardless of their BBW, proceeded
normally and the amount of body fat was also normal because of regular physical activity.
4.2

Aerobic fitness

The results of the analysis of maximal oxygen uptake were surprising. Although statistically significant differences between
different classes of BBW have not been demonstrated, women born with low birth weight had slightly higher aerobic fitness
than those with higher BBW. The difference was significant at the level of trends for standardized values of VO2 max. It was
found, however, that the most efficient woman in terms of aerobic fitness (VO 2max 2.5 SDS; 53.3 mL/kg/ min.) was born
with small body size - weighing 2750 g and 48 cm long. In the group of women with small BBW, 3 other students were
characterized by a distinctively higher ability to uptake oxygen - between 1.8 and 1.85 SDS. A similar phenomenon was
observed also in men - in the group with low BBW, two from among 11 subjects were characterized by excellent aerobic
fitness of 2.4 and 2.8 SDS. However, it was discovered that the percentage of people with the best ability for maximal
oxygen uptake in the cohort - men with VO2 max> 2 SDS and women with > 1.5 SDS - is similar in BBW each class. No
difference between the percentage of men and women with high aerobic fitness was demonstrated in individual BBW
classes. Therefore, it has not been proved that those born with body size smaller than average in the population are
characterized with inferior muscular development and worse capacity for skeletal muscle oxygen uptake. Regardless of
gender, all individuals included in the low BBW class from the study group (<1 SDS) and at the same time all with BBW
deficiency (<2 SDS) have proven to be fully efficient in oxygen uptake. The ability for maximal oxygen uptake in the female
subject with smallest BBW (BBW 2250 g, BBL 49 cm) was estimated to be 0.1 SDS (36.5 mL/kg/min.), and in the male
subject with smallest BBW (BBW of 2200 g, BBL 47 cm) to be 0.27 SDS (45 mL/kg/min). Another man, also born with a
significant body size deficiency (BBW 2400 g, BBL 49 cm) demonstrated excellent aerobic fitness, determined to be 62.9
mL of oxygen per kilogram of body weight per minute (2.1 SDS).
The occurrence of sexual dimorphism in the relation between BBW and the ability for maximal oxygen uptake has been
observed, as only in women a statistically significant (0.01) negative correlation of both indicators has been reported. In
women with BBW higher than average, there is a more significant risk that their aerobic fitness will be less favourable for
physical activity. It is therefore postulated that in the selection process for women‟s sports, birth body size should be
considered and outstanding athletes should be sought particularly among girls born with low and average birth weight for the
population. In the case of the female study group the scope of such “favourable” BBW was between 2250 g to 3750 g (2300
– 3800 g).
So far, BBW deficiency was considered synonymous with poor muscular development in SGA children, which in subsequent
years of life is reported to be a stimulus for the early development of insulin resistance 14, 33, 34. The assessment of muscle
development in hypotrophic new-borns and infants was previously performed very rarely and indirectly, as it seems, basing
on the estimated amount lean body mass in the body composition 39. Lean body mass is also made up of internal organs, and
as it has been demonstrated, at least some of the organs are made of smaller than average number of cells, and have a smaller
than average weight 23. It seems that when formulating the view concerning foetal hypotrophy of muscles in SGA children,
the importance of the muscular system to achieve life objectives was not sufficiently catered for, and this regards people to
the same extent as any other animal having muscles. In fact, well developed skeletal muscles and good oxygen supply
provide access to food, allow adaptation to changing environmental conditions and allow reproduction, and therefore the
musculoskeletal system is essential for the survival of each species. Our observations may indicate that unlike previously
assumed, the development of the muscular and metabolic pathways responsible for providing oxygen to the muscle fibres is
subject to special protection after the introduction of the so-called thrifty phenotype - economizing on energy delivered to the
body of the foetus. And thus it seems natural that the metabolic program triggered by permanent impairment of foetal
nutrition - a kind of contingency plan of the body - favours not only the nervous system and cardiovascular system, but also
the muscular system, when it comes to the distribution of energy. Our hypothesis is supported by studies on animals - pigs
and sheep showed no reduction in the number of muscle cells despite impaired nutrition of the foetus 40, 41, 42, 43. The
hypothesis that the muscular system is protected in the event of an impairment of the foetal nutrition is also supported by the
fact that for thousands of years only the adequate capacity to perform physical activity enabled the survival of the subject,
and, above all, the continuity of the species. It is perhaps for this reason that sexual dimorphism favouring women in the
protection of selected systems, including perhaps especially the muscular system, may be observed. If so, then the female
foetus - reaching smaller weight in times of hunger - may be better suited to survive than the male foetus, which, after the
improvement of living conditions, increases the chances of the survival of the species. At the same time it may be postulated
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that, in view of these observations, the development of insulin resistance is caused not by the impaired foetal development of
the muscular system, but only by insufficient physical activity of the subject in subsequent periods of life, which has
repeatedly been demonstrated.

V.

CONCLUSION



Young adults born at full term with a low BBW do not differ in terms of aerobic fitness from their peers born with
higher BBW;



The amount of birth body weight does not differentiate young adults in their maximal oxygen uptake, but in females
there is a tendency for the maximum oxygen uptake to worsen in those with high BBW;



The authors of this study suggest that during enrolment for disciplines requiring first and foremost the best aerobic
fitness, the amount of BBW should be taken into account in females, and, basing on the above observations, the authors
suggest that the search of talent should be conducted among girls weighing between 2300 g and 3800 g at birth;



The authors of this study believe that if mode of economic energy consumption was triggered due to permanent foetal
nutrition disorders, the development of the structure and metabolic functions of the muscular system is subject to
special protection, which allows people born with small body size to perform physical activity to the same extent as
those born with normal body size.
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