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Abstract

Introduction. Premature birth is connected with the risk of incidence of numerous health complications, the consequences
of which are observed in the long-term. Decreased physical and cardiorespiratory fitness can also be associated with preterm
birth. 
Objective. The aim of the study is evaluation of the development level of physical and cardiorespiratory fitness in 7-yearold prematurely born children. 
Materials and method. The following 7-year-old children were qualified for participation in the research: 30 children born
on time and 30 children born prematurely. Physical fitness was evaluated with the International Physical Fitness Test (IPFT),
whereas cardiorespiratory fitness was assessed on the basis of the Kasch Pulse Recovery Test. 
Results. The results obtained demonstrate a lower level of physical and cardiorespiratory fitness in the studied group.
Statistically significant differences are noticeable with respect to all IPFT components, except for long jump. The studied
group display statistically significant higher values of pulse rate after exercise than the control group. On the other hand,
there is no statistically significant correlation between a child’s gestational age week of birth and the parameters evaluated.
Conclusions. 7-year-old prematurely born children present lower physical and cardiorespiratory fitness than children born
on time. The research results show a need for long-term monitoring of prematurely born children’s development, as well
as overall body efficiency. Further studies and observation of a higher number of patients are planned in order to confirm
the findings.

Key words

preterm birth, cardiorespiratory fitness, public health, physical fitness

INTRODUCTION
Preterm birth is associated with the risk of health problems
in the prenatal period, higher mortality in infancy,
developmental abnormalities and more frequent incidence
of health complications in adult life [1, 2]. Every year, ca. 14.9
million babies are born before the 37th week of gestational
age, which accounts for 11% of all births on a global scale
[3]. This is a substantial group of people at risk of health
problems. Children with a diagnosis of disability or serious
complications are covered by comprehensive medical
care. On the other hand, prematurely born children with
no diagnosis of health problems function in society in
the same way as children who do not need any additional
observation or support. Nevertheless, developmental
differences between prematurely born children and those
born on time are observed throughout their whole lifetime.
Long-term observation of progress reveals deficits related
both to the overall body function and cognitive development
[4]. Furthermore, at a later age, those born prematurely run
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an increased risk of falling ill with such diseases as: diabetes,
obesity, asthma and mental disorders. Attention is also paid
to the body efficiency in the context of the cardiorespiratory
function and physical fitness. The long-term effects of
premature birth include decreased parameters of the aformentioned functions, which can predispose prematurely
born people to cardiological, metabolic and other chronic
diseases [2, 5].
The outcomes of long-term evaluation of prematurely born
children’s development also depend on additional health
problems. Decreased lung efficiency, oxygen therapy in
the newborn period, mechanical ventilation, chronic lung
disease and frequent respiratory infections are regarded as
significant factors which can impair lung function and later
reduce effort tolerance [6, 7].
Early childhood is an important period for development
of motor functions and enhancement of body fitness. This
is the time of optimal motor advancement and dynamic
developmental changes. A 7-year-old child should master
almost a half of the movements typical of an adult. Owing to
the development of myelination and inervation processes, a
child’s movements become harmonious and precise. Motor
ability should reach a high level at that time [8]. In view of
the risk of a decreased level of physical and cardiorespiratory
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fitness, the authors undertook the task of evaluating the
above-mentioned parameters in 7-year-old prematurely
born children. Due to considerable sensitivity of this
developmental stage in terms of enhancement of motor skills,
such evaluation and preventive actions introduced at this
stage, if needed, seem justified
OBJECTIVE
The aim of the study is evaluation of the physical and
cardiorespiratory fitness in 7-year-old prematurely born
children, and the identification of correlations between
gestational age week of a child’s birth and level of physical
and cardiorespiratory fitness.

for the measurement of physical fitness. It enables analysis
of physical fitness measurement and of changes taking
place over time. The participants performed 8 fitness tests,
the results of which enable evaluation of the development
level in such areas of physical fitness as: speed, jumping
ability, stamina, muscle strength, agility and suppleness.
The IPTF comprises the following fitness tests: 50-meter
sprint, standing long jump, grip strength, flexed-arm bar
hang, 4 × 10-meter shuttle run with carrying blocks, standing
trunk flexion, 30-second sit-ups, 600-meter run (Tab. 3) [9].
Table 3. IPFT components and measurement methods.
International Physical Fitness Test
component
Long jump
Grip strength

MATERIALS AND MEHOD
The research covered 60 children aged 7 years (36 girls and
24 boys). The studied group of prematurely born children
comprised 22 girls and 8 boys, whereas the control group
of children born on time consisted of 14 girls and 16 boys
(Tab. 1). Participation in the study was voluntary. An
announcement about the study of premature babies was
published in the local press, educational institutions and
social media. Parents volunteered to participate. The control
group study was conducted in the first grade of primary
school. The criterion for inclusion into the control group
was age: 7 years old, regardless of gender. The criteria for
inclusion into the studied group were: age (7 years old) and
preterm birth (< 37th week of gestational age (g.a.)). The
preterm children were born between the 24th – 32nd week
of g.a. (29.6, on average) (Tab. 2). The exclusion criteria for
both groups were: disability, physical effort contraindicated
by a doctor, comorbidities affecting the body function, i.e.
asthma, cardiorespiratory failure, cardiovascular diseases,
and lack of parental consent for participation in the study.
All participants of the research lived in the Lublin Province
in Poland.
Table 1. Comparison of the groups in terms of number of participants
Group

Gender

Number [n]

Percentage [%]

Studied

Girls

22

73.33

Boys

8

26.67

Total
Control

30

100

Girls

14

46.67

Boys

16

53.33

30

100

Total

Table 2. Description of the studied group, number of participants in
relation to gestational age week of birth
Birth time
No. of participants in
the studied group

32th – 36th week
of g.a.

28th – 31st week
of g.a.

24th – 27th week
of g.a.

3

21

6

The International Physical Fitness Test (IPFT) was used
to evaluate physical fitness. This is a standardized battery of
tests, created as a simple, practical, reliable and objective tool

Measurement method / unit
Tape measure / cm
Hand dynamometer / kg

Bar hang

Stopwatch / sec

4 x 10-meter shuttle run

Stopwatch / sec

50-meter sprint
Standing trunk flexion
Abdominal muscle strength
600-meter run

Stopwatch / sec
Tape measure / cm
Stopwatch/ repetitions during 30 sec
Stopwatch / sec

The Kasch Pulse Recovery Test was used to examine
cardiorespiratory fitness. The test consists in stepping up
and down a 30.5 cm step at the rate of 24 steps per minute.
Cardiac contraction is monitored throughout the test.
Measurement was carried out with an electronic device
for heartbeat monitoring. During the test, heartbeat was
monitored continuously (i.e. during 3-minute exercise and
during 1-minute and 5-second rest in the sitting position).
Pulse rate after exercise was included in further analysis. A
test was considered incomplete each time its protocol was not
followed (e.g. incorrect pace, talking, refusal to do an exercise).
A test was stopped when cardiac contraction during exercise
exceeded 180 heartbeats per minute for over 15 seconds [10].
Having obtainedthe consent of parents / legal guardians
for participation of children in the study, a physiotherapist
interviewed the parent / guardians about the perinatal
period, development and health of the child, according to
the questionnaire. After preliminary qualification, a short
warm-up was carried out, followed by the physical and
cardiorespiratory fitness test. Children wore sports clothes
and shoes. They were given time to rest and to have something
to drink between tests, if needed.
The tests for the control group were performed in Primary
School No. 45 in Lublin, Poland. The studied group was tested
in the Children’s University Hospital in Lublin, Poland. The
heads of these institutions gave their consent for the tests.
Statistica 13.1 software was used in the statistical analysis.
The statistical significance was adopted at α=0.05. The
normality analysis of distribution of quantitative variables
with Shapiro-Wilk test revealed that normal distribution
can be observed for the following variables: standing long
jump, 50-meter sprint, grip strength, 4 × 10-meter shuttle run
and 600-meter run. No normality of variable distribution
was observed for bar hang, abdominal muscle strength,
trunk flexion, pulse rate after exercise and total IPFT score.
Pearson’s chi^2 test, phi coefficient and Cramer’s V were
used to analyse correlations between qualitative variables.
In order to identify differences between prematurely
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born children and the control group, Student’s t-test was
conducted for independent samples in the case of variables
with normal distribution, whereas Mann-Whitney U test was
performed in the case of variables with no features of normal
distribution. The results (shown in Tables) present average
values and standard deviation (SD) in the case of variables
with normal distribution, whereas median values and the
minimum-maximum range are given in the case of variables
without normal distribution. Spearman’s rank correlation
coefficient was used to examine correlations between a child’s
gestational age week of birth and total IPFT score, results of
each IPFT component and pulse rate after exercise.

Table 5. Test statistics values. Result of comparison between the groups
in terms of IPFT components
International Physical Fitness Test components

p-value

Long jump

P <= 0.08

Grip strength

P = 0.009

Bar hang

P = 0.03

4x10-meter shuttle run

P < 0.001

50-meter sprint

P < 0.001

Abdominal muscle strength

P = 0.006

Standing trunk flexion

P < 0.001

600-meter run

P = 0.001

RESULTS
With respect to the division into groups, there were 13
(43.3%) participants with a low physical fitness level and 17
(56.7%) participants with an average physical fitness level in
the group of children born prematurely. On the other hand,
in the control group there was one (3.3%) participant with a
low physical fitness level and 29 (96.7%) participants with an
average physical fitness level (Fig. 1).

Figure 1. Physical fitness level with respect to the division into the studied group
and the control group

A statistically significant correlation was found between
physical fitness level in each group (p<0.001). The group
of prematurely born children demonstrated a statistically
significant lower physical fitness level than the control group.
Phi coefficient value indicates a moderate correlation between
these variables (phi=0.47) (Table 4).
Table 4. Results of physical fitness test with respect to the division into
the studied group and the control group
Group

Physical fitness

No.

%

Studied

Low

13

43.33

Average

17

56.67

30

100

Low

1

3.33

Average

29

96.67

30

100

Total
Control

Total

Pearson’s chi^2

Chi^2=
13.42
p=0.00025
phi coefficient
=0.47

Analysis of the results of all IPFT components revealed
that statistically significant differences were present in all
fitness tests (p<0.05), except for standing long jump (p=0.08),
in which no statistically significant differences between
the groups were observed. The prematurely born children
achieved considerably lower results in physical fitness tests
than children born on time (Tab. 5). Figure 2 presents average
scores obtained in the IPFT by the examined children, taking
into account the division into the studied group and the
control group.

Figure 2. Average total IPFT score for the studied group and the control group

Analysis of particular IPFT components showed that in
the studied group the lowest results were achieved in bar
hang and the highest in grip strength. In comparison to the
control group, the biggest differences were noticeable in trunk
flexion, bar hang and 4 x 10-meter shuttle run. On the other
hand, the smallest differences were observed in long jump
and grip strength tests. Figure 3 presents the range of scores
obtained in each test with respect to the division into groups.
Average values and standard error are given in the graphs
in the case of variables with normal distribution, whereas
median values and minimum-maximum values are given in
the case of variables without normal distribution (Fig. 3, 4).
Due to the small numbers in particular categories of the
‘cardiorespiratory fitness’ variable, 3 combined groups were
formed: weak cardiorespiratory fitness (very weak + weak),
satisfactory cardiorespiratory fitness, good cardiorespiratory
fitness (good + very good + perfect) (Fig. 5). There was a
statistically significant correlation between a child’s time
of birth and cardiorespiratory fitness (p=0.001) (Tab. 6).
The strength of the correlation between these features was
moderate (Cramer’s V =0.47).
Table 6. Comparison between the control group and the studied group
in terms of pulse rate after exercise
Variable
Pulse
rate after
exercise

Studied group

Control group

U

Z

p

P

MinimumMinimumMedian
Median
maximum
maximum
value
value
range
range
233.00 3.20 0.001370
123.00

97.00–
156.00

112.00

90.00–
148.00
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Figure 3. Range of scores achieved in long jump test/ 50-meter sprint test/ grip strength test(hand strengh)/ 4 x10-meter shuttle run test / 600-meter run test with
respect to the division into the studied group and the control group. Box bars presents mean and standard error
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Figure 4. Range of scores obtained in bar hang test / abdominal muscle strength test (sitp-ups) / standing trunk flexion test (forward bending) with respect to the
division into the studied group and the control group. Box bars presents median and min.-max. values

Figure 5. Cardiorespiratory fitness level in the studied and control group

Spearman’s rank correlation coefficient was used to
examine the correlations between a child’s gestational age
week of birth and the total result of physical fitness test,
result of each component of the test and result of pulse rate

measurement. No statistically significant correlation was
found between a child’s gestational age week of birth, results
of physical fitness tests and results of measurement of pulse
rate after exercise (p>0.05) (Fig. 6).
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Figure 6. Left: scatter plot presenting correlation between the variables: gestational age week of birth and total IPFT score. Right: scatter plot presenting correlation
between the variables: gestational age week of birth and pulse rate after exercise

DISCUSSION
The physical and cardiorespiratory fitness of those born
prematurely has also been evaluated by other authors,
most of whom observed that the discussed parameters are
lower among prematurely born children and adults. This
is noticeable in long-term studies in which it is possible
to observe changes occurring over time. Robič Pikel, et al.
noted a decrease in body efficiency and fitness in those born
prematurely over 10 years. The research covered 396 people:
178 born prematurely and 218 born on time. The evaluation
was carried out every year from the age of 8 until 18 [7].
Research conducted in Sweden evaluated the physical
abilities of prematurely born men aged between 18 – 26. The
studied group comprised 218,820 men. The findings indicated
that prematurely born healthy men obtained weaker results
than men born on time, irrespective of social and economic
factors and current body mass index (BMI) [11].
A study comprising 17-year-old teenagers, prematurely
born, demonstrated a lower level of respiratory fitness,
strength, stamina, flexibility of the locomotor system and
activity level. The study used a wide battery of tests and
questionnaires to examine body fitness and efficiency. The
authors came to the conclusion that differences in fitness and
physical activity result from the interaction of the influence
of premature birth on the locomotor system coupled with
less active lifestyle [12]. Similarly, Tikanmaki et al. found
that young adults born prematurely presented lower muscle
strength. In their self-assessment, the participants of the
research evaluated themselves as less fit than people born on
time [5]. In a study of 25-year-old people born prematurely it
was demonstrated that their effort tolerance was 10% lower
in comparison to the control group. The authors associated
this result with a lower level of physical activity [13]. Adults
who were born prematurely are less involved in practising
sports and physical activity in their everyday life [14, 15, 16].
The research conducted by Hamon et al. showed that
extremely preterm children displayed considerable airway
obstruction caused by physical effort and decreased body
efficiency at the age of 7 [6]. Furthermore, in other studies,
extremely preterm children had a higher respiratory rate
and lower tidal volume during physical effort. However,
no differences were observed between the studied group
and the control group with respect to physical activity
[17]. Research conducted in Canada demonstrated that
prematurely born children had lower effort tolerance, altered

respiratory mechanics, and increased respiratory response
during effort in comparison to children from the control
group. The studied group comprised extremely preterm
children (<28 week of g.a.) aged 8 – 12. The authors found a
correlation between lower values of the parameters evaluated
and past bronchopulmonary dysplasia [18]. Furthermore,
Ruf et al. also proved that past bronchopulmonary dysplasia
was connected with decreased effort tolerance in school-age
children. The authors associated preterm birth with lower
involvement in physical activity and sedentary lifestyle. They
suggested that preterm birth, together with lung development
complications, had the greatest influence on effort tolerance
and physical activity [19].
In the majority of the studies carried out, the authors
observed a decreased level of physical and cardiorespiratory
fitness in prematurely born people. Many analyses also
highlighted a lower amount of physical activity in everyday
life and a preference for a sedentary lifestyle among the group
of premature children [12, 14, 15, 16, 19]. Apart from the
medical factors predisposing to lower fitness and efficiency of
the organism, this may constitute an additional burden and
contribute to intensification of the phenomenon. The problem
is serious enough to contribute to the incidence of chronic
disorders in the future. Cardiological and metabolic diseases,
glucose regulation disorders, asthma and increased stroke
risk are mentioned most frequently in the context of longterm consequences of preterm birth [2, 20, 21]. Considering
the number of preterm births on a global scale, the problem
may affect a substantial part of society. Due to this fact,
medical data concerning childbirth should always be taken
into account by experts in all branches of medicine [22].
The authors dealing with long-term evaluation of the
discussed aspects suggest the introduction of preventive
measures in the form of more physical activity from the
earliest years of a child’s life [5, 23, 24]. A decreased level of
physical and cardiorespiratory fitness may also result in lower
motivation for undertaking activities typical of school-age
children. Furthermore, limited participation in playing with
peers can lead to social exclusion and low self-esteem.
CONCLUSIONS
In the light of the research carried out, it is concluded that
7-year-old prematurely born children present poorer physical
and cardiorespiratory fitness than children born on time.
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Analysis of particular IPFT components demonstrated that
the children from the studied group performed relatively well
in the grip strength test, in which the smallest differences
were also observed in comparison to the control group, as
well as in long jump test. On the other hand, bar hang test
was the most problematic. The most substantial differences
between the groups of examined children were noticeable
in bar hang, trunk flexion and 4 x 10-meter shuttle run
tests. On the basis of the analysis of the development of
particular features of human motor activity, it is concluded
that prematurely born children obtain poorer results in hand
and shoulder strength tests, suppleness and agility, whereas
their achievements in hand grip and jumping ability tests
are relatively good. The results of cardiorespiratory fitness
measurement in the group of prematurely born children are
disturbing. The majority of children presented a satisfactory
level and none of them obtained a perfect result. In the longterm perspective, permanently low cardiorespiratory fitness
may a be a factor predisposing to health problems.
It is necessary to extend the research to include a higher
number of patients and carry out long-term observation
in order to evaluate the development level of physical and
cardiorespiratory fitness of the examined children in their
later years of life. Another significant element of further
research will be identification of additional factors, i.e. the
amount of physical activity in everyday life, BMI, Apgar score,
the pace of motor development, the need for rehabilitation in
infancy and early childhood, contributing to the development
of the evaluated parameters.
The research was approved by the Ethics Committee at
the Medical University in Lublin (No. KE-0254/284/2018).
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