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SUMMARY:
Purpose: The purpose of the present study is to ex-

amine the impact of age, sex and body mass index (BMI)
on some indices of the pulmonary ventilation in healthy
children actively practicing sport, between 11 and 14 years
of age, living in Plovdiv, Bulgaria.

Materials and methods: A group of 22 healthy vol-
unteers (boys, n=14 and girls, n=8) with high level physi-
cal activity underwent a functional test for the evaluation
of pulmonary ventilation. In order to assess the influence
of age, BMI and sex on some indices of pulmonary venti-
lation, they were divided into the following groups: in ac-
cordance with the age - group 11-12 years old (n=14) and
group 13-14 years old (n=8); in accordance with the BMI
group < 20 kg/m2 (n=14) and BMI group >20 kg/m2 (n=8)
and in accordance with the sex – boys group (n=14) and
girls group (n=8). The results are presented as X±SD. The
data has been analyzed with Independent Samples Test (t-
test) (SPSS v. 13. 0). The difference at P<0.05 was accepted
as significant.

Results: We did not find significant differences in
most of the indices between the groups by age, body mass
index and sex. Although there was higher maximum pul-
monary ventilation and higher peak (maximal) expiratory
flow in boys compared with the girls.

Conclusion: Despite the good health condition and
high level of physical activity, we found out higher maxi-
mum pulmonary ventilation and higher peak (maximal) ex-
piratory flow in boys as compared with the girls.

Keywords: spirometry, children, maximum pulmo-
nary ventilation, peak expiratory flow.

INTRODUCTION:
The functional capacity of the respiratory system

is crucial for the growth and health of children and ado-
lescents. The iterrelation between gender, age, body mass
index (BMI) and the values of a number of parameters for
functional breathing assessment is indisputable. Any

change in lifestyle and environmental conditions, such as
air pollution in the big cities in the last decades, also has
an impact on the respiratory system.

The pulmonary function tests (PFT) are used in the
analysis and assessment of the respiratory system. They
are used for diagnosing the obstruction of the respiratory
tract, assessment of the severity and prognosis of lung dis-
eases, outlining the risk factors (e.g. pre-operational as-
sessment). Spirometry is used for early diagnosis of lung
diseases and observation for normal pulmonary growth as
well as a decrease in the pulmonary capacity. Unlike the
larger part of the biological parameters in medicine, such
as plasma concentrations of chemical substances or hor-
mones, the pulmonary function varies depending on age,
sex and ethnic belonging [1]. Therefore the results of the
tests should be compared with the predicted values for the
lower and upper limits of the normal, which are depend-
ent on individual development and lifestyle. There are
many published reference values in this respect [2], mostly
for spirometric indices studied among Caucasians [3]. For
each specific height and sex, a 1-year difference in age
may change the expected value by up to 8.5% [4].

There are different factors that affect lung function
in children and adolescents. During childhood, there is
an increase in lung volume and gas exchange surfaces.
Lung function increases proportionally to the size of the
trunk and the chest rather than height. Lifestyle habits
since early childhood influence respiratory performance
(physical activity and screen time). The age at onset and
the time and duration of pubertal development are differ-
ent between the genders and are influenced by obesity [5].

Resent study on the influence of the training type
on male elite athletes’ ventilatory function indicated that
chronic endurance physical activity leads to adaptive
changes in spirometric parameters (VC, FVC, FEV1 and
FEV/VC). It did not find significant differences concern-
ing these parameters power athletes and physically inac-
tive individuals [6].

As obesity is a worldwide public health problem,
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its adverse impact on lung function of non-asthmatic chil-
dren and adolescents is of utmost importance since it may
contribute to the increased morbidity of obese subjects.
The physicians should be aware of this aspect of obesity
and communicate this information to children and their
families [7].

There is a range of different factors that predict pul-
monary performance, and they must be considered in the
evaluation of lung function.

PURPOSE:
The purpose of the present study is to examine the

impact of age, sex and body mass index (BMI) on some
indices of the pulmonary ventilation in healthy children
actively practicing sport, between 11 and 14 years of age,
living in Plovdiv, Bulgaria.

MATERIAL:
The study covers children aged 11 – 14 (n=22),

boys (n=14) and girls (n=8), healthy, actively practicing
sports, living in Plovdiv. They were subjected a single
time voluntarily to a pulmonary function test. A written
certificate of excellent health condition of the students
and written consent of the parents with regards to the tests
have been obtained in advance.

METHODS:
The measurement of the pulmonary volumes and

capacities was carried out with Spirometer (Flowscreen,
Erich Jaeger, Germany). The data are entered – date of
birth, sex, height (cm) and weight (kg) and the theoreti-
cal values of the indexes are automatically calculated [8].

List of measured indices:
- Body mass index (BMI  kg/m2)
- Vital capacity (VC) – the maximum air volume

which could be exhaled after one maximum breathing in
and vice versa.

- Expiratory reserve volume (ERV) – the maximum
air volume that can be expired after normal expiration.

- Inspiratory capacity (IC) – the maximum volume
of air that can be inspired after a maximum effort.

- Maximal voluntarily ventilation (MVV) – the air
volume that can pass through the lungs for 1 minute of
rapid and deep breathing.

- Forced vital capacity (FVC) – the air volume ex-
haled from full inhalation with forced exhalation.

- Forced expiratory volume in 1 second (FEV1) –
the air volume exhaled with maximal effort for one second
after one maximal inhalation.

- Tiffeneau index (FEV1%VC) – FVC1 towards VC
in %.

- Peak (maximum) expiratory flow (PEF) – the maxi-
mum air flow per second) in the first 1/3 of forced exhala-
tion.

The results have been presented as a percentage of
the individual reference value for each child calculated
using software (the reference value complies with age, sex,
height and body mass).

All PFT were carried out in the morning, in strict
compliance with the rules for their execution.

In order to assess the influence of age, body mass
index and sex on some indices of pulmonary ventilation,
the participants were divided into the following groups:

In accordance with age - group 11-12 years old
(n=14) and group 13-14 years old (n=8);

In accordance with Body mass index – BMI group
< 20 kg/m2 (n=14) and BMI group >20; kg/m2 (n=8);

In accordance with gender – group of boys (n=14)
and group of girls (n=8).

Statistical processing
The results have been presented as X±SD, we ap-

plied The independent samples test (t-test) and used the
statistical software SPSS v. 13, accepting as significant the
difference at  P<0.05.

RESULTS:
We did not find statistically significant differences

in most of the studied indices of pulmonary ventilation
in the groups by age, body mass index and sex (Tables 1,
2 and 3).

With the study of the peak expiratory flow, we ob-
tained unsatisfactory results (Tables 1, 2 and 3). A possi-
ble explanation is that in order to reach an optimal value
of the index, a training of the examined individual is nec-
essary for the correct performance of the test and in our
case, PFT was carried out only once. For specification of
PEF in healthy children with high physical activity, liv-
ing in Plovdiv, Bulgaria, it is probably necessary to carry
out the functional test several times with a view to the
correct execution of the test or additional study with a
larger group of students.

While studying the influence of age on some indi-
ces of pulmonary ventilation, we found a lower PEF in
the group of children aged 13-14 compared with a group
of children aged 11-12 (Table 1). In order to clarify the
influence of age on PEF in healthy children with high
physical activity residing in Plovdiv, it is probably nec-
essary to carry out the functional test several times with
a view to its correct execution or additional study with a
larger group of students.

While studying the influence of BMI on external
breathing, we did not find significant differences in the
studied indexes (Table 2). The result is expected as all
tested children have an optimal BMI and high physical
activity.

While studying the influence of gender for some
indexes of external breathing, we found a higher maxi-
mal pulmonary ventilation and higher peak (maximal) ex-
piratory flow in boys when compared with girls (Table 3).
For specification of the influence of sex on  PEF and MVV
in healthy children with high physical activity residing
in Plovdiv, it is probably necessary to carry out the func-
tional test several times with a view to the correct execu-
tion of the test or additional study with a larger group of
students.



J of IMAB. 2021 Jul-Sep;27(3) https://www.journal-imab-bg.org 3921

Table 1. Results of PFT for both age groups as % of the individual reference value for each child, calculated
using the software.

Indicator
11-12 years old (n=14) 13-14 years old (n=8)

P
mean SD mean SD

BMI 18.26 2,64 19,01 1,88 >0.05

VC 120.96 48.35 101.65 31.63 >0.05

ERV 144.67 88.65 153.35 117.71 >0.05

IC 103.68 33.12 89.66 65.97 >0.05

MVV 79.41 24.29 70.20 32.75 >0.05

FVC 125.72 91.03 93.55 47.53 >0.05

FEV 1 sec 81.32 21.58 81.06 33.71 >0.05

FEV1%VC 63.37 29.88 75.46 22.60 >0.05

PEF 45.66 20.66 45.10 24,04 P=0.058

Table 2. Results of PFT for both groups depending on BMI as % of the individual reference value calculated for
each child.

Indicator
BMI < 20 kg/m2 (n=14) BMI >20 kg/m2 (n=8)

P
mean SD mean SD

VC 111.79 49.62 118.53 27.73 >0.05

ERV 160.37 90.31 132.78 107.30 >0.05

IC 86.39 40.99 127.06 31.48 P=0.075

MVV 81.55 28.32 64.30 22.19 >0.05

FVC 105.81 86.36 131.60 59.45 >0.05

FEV 1 sec 77.28 29.88 87.37 21.53 >0.05

FEV1%VC 67.33 28.31 70.97 26.42 >0.05

PEF 43.69 23.58 48.67 16.91 >0.05

Table 3. Results of PFT for both groups depending on sex as % of the individual reference value for each child,
calculated using the software.

Indicator
Boys group (n=14) Girls group (n=8)

P
mean SD mean SD

BMI 18,07 2,42 19,51 2,05 >0.05

VC 117.91 48.27 105.43 31.43 >0.05

ERV 144.67 88.65 153.35 117.71 >0.05

IC 103.68 33.12 89.68 65.97 >0.05

MVV 85.55 26.92 55.74 14.26 P=0.003

FVC 128.03 90.13 83.99 31.09 >0.05

FEV 1 sec 89.03 28,12 68.91 20.44 >0.05

FEV1%VC 65.33 29.80 74.11 22.55 >0.05

PEF 50.45 23.41 34.77 11,26 P=0.047



3922 https://www.journal-imab-bg.org J of IMAB. 2021 Jul-Sep;27(3)

DISCUSSION:
The positive influence of regular sports activities

on some indexes of internal breathing is proven [9]. Aero-
bic fitness is positively associated with lung volumes. Im-
proving fitness during childhood and adolescence is as-
sociated with greater adult lung volumes but not with air-
way calibre [10].

A survey studying the influence of BMI on some
indexes of internal breading finds out that overweight
children have a lower functional capacity, but the cause
of such malfunction is unclear [11]. Despite the positive
correlation between the increase in BMI and pulmonary
ventilation up to the age of 5, in later measurements,
whenever there is an increase in BMI in the category of
obesity, a downturn in the pulmonary function is ob-
served.  These data show a positive contribution of the
increase in growth during the early life for the pulmonary
function, but if the increase in the weight or the begin-
ning of obesity occurs after the age of 5, an unfavorable
impact on the pulmonary function is also observed in
adulthood [12]. The results of this study also confirm that
BMI, along with sex and age, also influences the indexes
of external breathing.

We found a significant difference between boys and
girls in terms of the indexes peak expiratory debit and
maximum pulmonary ventilation, the boys having higher
average values compared with the girls. The reason for
this is unclear should also consider the influence of other
factors besides sex, age, and BMI.

 The changes in the pulmonary functions in chil-
dren exposed to tobacco smoke, the so called “passive
smokers”, and children protected against tobacco smoke
have been studied, and the obtained results show a dif-
ference in the mean values of the peak expiratory debit

between the two groups of children [13].
Cardiorespiratory ûtness, or an individual’s maxi-

mal ability to perform work in a standardized exercise test,
is a well-accepted predictor of heart disease and mortal-
ity [14] and is considered to be an important element of
cardiovascular health [15]. Physical activity and cardi-
orespiratory ûtness are also associated with peak lung
function. Several studies have suggested that increased
physical activity among children is associated with higher
lung function [16, 17, 18].

The iterrelation between gender, age, body mass in-
dex (BMI), and the values of many parameters for func-
tional assessment of breathing is important not just for
diagnosis but also for determining the functional capac-
ity of the respiratory system.

CONCLUSION:
Despite the good health condition and high level of

physical activity, we found out higher maximum pulmo-
nary ventilation and higher peak (maximal) expiratory flow
in boys as compared with the girls. Further investigations
are required to discover details in pulmonary ventilation
in children with high levels of physical activity.
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