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The number of people with excess weight increases every year. Overweight and obesity in child-
hood can cause several chronic diseases in adulthood. Children with excess body mass develop
more morphological and functional changes, including pulmonary functions. One of the common
methods to assess lung function is spirometry. This method is a challenge in assessing lung func-
tion for pre-school age children. The aim of this study was to evaluate the correlation between
lung vital capacity and body mass index for the pre-school children aged 3-7 years in Riga. In to-
tal 995 pre-school children were included in the study. An informative consent and questionnaire
about the development of each individual child was filled in by parents. Several measurements
were performed, including height, body mass, and lung vital capacity. This is the first study in Lat-
via where several morphologic and somatometric measurements were determined in children of
pre-school age. There was a positive and statistically significant correlation between lung vital ca-
pacity and body height, mass, and chest circumference. The correlation between lung vital capac-
ity and body mass index was not statistically significant. The main results do not differ from the
results of similar studies in other countries. The obtained results will help to create a standard of

morphological and somatometric parameters in pre-school aged children in Riga region.
Key words: pre-school children, body mass index, lung vital capacity.

INTRODUCTION

Nowadays the excess body weight in children and adoles-
cents has become a worldwide problem. It is a risk factor
for several non-communicable chronic diseases, such as in-
sulin resistance, type II diabetes, high blood pressure, and
metabolic syndrome (He et al., 2015). The latest data of the
World Health Organization (WHO) show that in 2016 about
41 million of children under the age of 5 and over 340 mil-
lion children and adolescents aged 5-19 were overweight or
obese.

Children and adolescents with excess body fat are more
likely to develop structural anatomical changes (postural de-
viations), increased heart workload (hypertrophy and car-
diac arrhythmia), changes in pulmonary functions (airway
obstruction and apnoea), endocrine disorders (insulin resis-
tance, increased cortisol, and reduced growth hormone), and
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immunologic disorders (increased production of cytokines)
(Eckel et al., 2016). In the Forum of International Respira-
tory Societies (2017) it was reminded that acute lower respi-
ratory tract infections are among the top three causes of
death and disability among both children and adults. Death
from acute lower respiratory tract infections is the leading
cause among children under age 5. Lower respiratory tract
infection kills more people than human immunodeficiency
virus (HIV), TB and malaria combined (Wardlawer al.,
2000).

One of the most commonly used methods for the assess-
ment of respiratory system functions and the early diagnosis
of the disease is spirometry. However, children aged 2 to 6
years represent one of the major challenges in lung func-
tional assessment (Beydonet al., 2007). Spirometry is used
to assess the normal respiratory function development as the
child grows. For instance, in pre-school children who were
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born pre-term and whose anamnesis shows broncho-
pulmonary dysplasia (BPD), spirometry shows a marked re-
sponse to bronchodilators, disrupted air flow, and lowered
lung volume (Filbrun et al., 2011). Spirometry is used for
the assessment of early diagnosis of respiratory function
disorders and the effectivity of rehabilitation therapy in
cases of neuromuscular, rheumatologic and haematologic
diseases (Jordan et al., 2013).

The aim of this study was to evaluate the correlation be-
tween lung vital capacity and body mass index for pre-
school children aged 3-7 years in Riga, Latvia.

MATERIALS AND METHODS

A total of 995 (527 girls and 468 boys) children from 22
different Riga pre-school educational institutions (PSEI)
were included in the study. Children age varied from 3 to 7
years (see Table 1).

Table 1. Distribution of children included in the study by age and gender

Age (years) ‘

No. of girls No. of boys
3 16 20
4 116 95
5 154 127
6 136 136
7 105 90
Total 527 468

The pre-school educational institutions were randomly se-
lected in the Riga Region. The head of each pre-school edu-
cational institution was informed about the main points of
the research. The parents received informative consent
forms and agreed/disagreed to include their child in the
study. If the parents agreed to the consent they filled a ques-
tionnaire about the development of their child. Participation
in the study was voluntary for parents and children. Data
from questionnaires, and inspection and measurements of
the children were collected from March 2010 till December
2013. The measurements were obtained from 9 a.m. till 12
a.m. in the medical office of a pre-school educational insti-
tution or in the appropriate premises for the procedure. The
measurements were performed by specially trained para-
medical staff of Riga StradinS University, Institute of Anat-
omy and Anthropology, Anthropology Department. The
questionnaires and the study protocol were affirmed by the
RSU Ethics Committee on 2010 firstly and on 2018 because
of a change of the research head author.

For the study of children’s morphological status, different
somatometric measurements were performed: body height
in a standing position (cm), body mass (kg), and chest cir-
cumference at the end of calm exhalation (cm).

The body mass index (BMI) was calculated by the formula:

BMI (kg/mz) = mass (kg) / height (m))2
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According to WHO Child Growth Standards (Anonymous,
2006), the children included in the study were divided into
three groups by their BMI ratio to the age and gender in
percentiles (pc.): BMI-1 — children whose BMI is below
85 pc. in relation to age and gender, BMI-2 — children
whose BMI is within 85-94 pc. in relation to age and gen-
der (overweight), BMI-3 — children whose BMI is > 95.
pc. in relation to age and gender (obesity).

All anthropometric measurements were performed accord-
ing to the methodological recommendations of R. Martins
(1914; 1928), K. Sallers (1957-1966) and J. Primanis
(1937) (Primanis, 1937) using the instruments of the Swiss
company Siber-Hagen&Co.

Body mass was measured by electronic weights. The chest
circumference was measured using a tape measure with mil-
limetres.

The lung vital capacity (forced vital capacity (FVC)) was
obtained by a portable air spirometer (RIESTER, Germany).
Examination with spirometer was performed under the pres-
ence of trained staff in the following way: the measurement
was performed with a child, with no change in the body po-
sition, most commonly in a sitting position, with the nose
clip applied. Firstly the child made a maximal deep inhala-
tion and then maximally fast exhalation into the spirometer.
The highest result of the first three technically performed at-
tempts was used for the analysis. Spirometric measurements
according to the requirements could not be done by ten chil-
dren.

Statistical processing of the acquired data was done using
the software SPSS 22.0 and Microsoft Excel. Conducting
data analysis, the main descriptive statistical indices were
calculated — mean and standard deviation. The Spearman
correlation coefficient was used for the evaluation of the re-
lationships between variables. A p value equal or less than
0.05 was considered to be statistically significant.

RESULTS

In the group of girls at the age of 3 years, the mean body
height (M) was 100.2 = 4.3 cm (minimum 93.0 cm, maxi-
mum 109.7 cm) (see Table 2). The mean height of 4-year-
old girls was 103.2 + 5.7 cm (min. 85.9 cm, max. 128.2
cm). For 5-year-old girls the mean body height was 110.7 +
4.9 cm (min. 96.6 cm, max. 124.2 cm). At age 6, the mean
body height was 117.7 £ 5.7 cm (min. 104.0 cm, max. 131.7
cm). For 7-year-old girls the body height was 122.5 + 5.4
cm (min. 104.4 cm, max. 139.2 cm) (Table 2).

For boys at the age of 3 years, the mean body height was
99.9 + 4.9 cm (min. 89.0 cm, max. 109.7 cm) (Table 2). At
the age of 4 years, the mean body height was 105.1 + 4.7
cm (min. 90.0 cm, max. 120.4 cm). In 5-year-old boys the
mean body height was 111.8 £ 5.4 cm (min. 99.6 cm. max.
131.0 cm). At the age of 6 years, the mean body height was
118.7 £ 4.9 cm (min. 103.4 cm, max. 131.3 cm). The mean

367



Table 2. Descriptive statistics of children’s body height (cm) and body
mass (kg) in relation to age and gender

Table 4. Descriptive statistics of the children’s body mass index (kg/mz) in
relation to age and gender

Gender Age N M+ SD M+ SD Gender | Age (years) N M+ SD
(years) Height (cm) Weight (kg) Girl 3 16 16.6+0.8
Girl 3 16 100.2+4.3 16.7+ 1.6 4 116 15.8+1.2
4 116 103.2£5.7 16.8 +2.4 5 154 156+ 1.7
5 154 110.7 £4.9 19.2+£2.9 6 136 1584220
6 136 117.7£5.7 22139 ; 105 57416
7 105 122.5£54 23.7+3.9
Boy 3 20 163 £0.9
Boy 3 20 99.9 £4.9 163+ 1.9
4 95 105.1 £4.7 17723 4 93 15912
5 127 111.8+54 19.6+2.8 > 127 156=14
6 136 1187+ 4.9 219+35 6 136 15516
7 90 1244 £4.7 24937 7 90 16.1£1.6

Table 3. Mean children’s body height rate (cm/year) and body mass rate
(kg/year) in relation to the age and gender

Gender Age (years)

3till 4 ‘ 4till 5 ‘ 5till 6 ‘ 6till 7
Girls Height rate (cm/year) 3.0 7.5 7.0 4.8
Boys 5.2 6.7 6.9 5.7
Girls Body mass rate (cm/year) 0.1 2.4 2.9 1.6
Boys 1.4 1.9 2.3 3.0

body height in the group of 7-year old boys was 124.4 + 4.7
cm (min. 113.6 cm, max. 135.8 cm).

The growth rate in body height of pre-school age children in
relation to age and gender is shown in Table 3.

In girls at the age of 3 years, the mean body mass was
16.7 £ 1.6 kg, the (min. 14.4 kg, max. 20.1 kg) (Table 2).
The mean body mass in the group of 7-year-old girls was
23.7 £ 3.5 kg (min. 14.5 kg, max. 34.1 kg). The increase of
mean body mass in girls between the ages from 3 to 7 years
was 7.0 kg.

In boys at the age of 3 years, the mean body mass was 16.3
+ 1.9 kg (min. 12.1 kg, max. 20.7 kg) (Table 2). The mean
body mass in the group of 7-year-old boys was 24.9 + 3.7

kg (min. 19.6 kg, max. 40.0 kg). The increase of mean body
mass in boys between 3 to 7 years was 8.6 kg.

The growth rate in body mass of pre-school age children in
relation to age and gender is shown in Table 3.

Descriptive statistics of the relationship between children’s
BMI and age and gender are provided in Table 4. The
number and proportion of children in body mass index
classes, in relation to age and gender, are described in Table
5.

Forced vital capacity was determined in 985 children, while
in 10 (1%) children the FVC could not be determined. FVC
results, depending on age and gender, are summarised in
Table 6.

For both boys and girls, FVC was correlated with growth
(for girls (n = 521): r = 0.70; p < 0.001; for boys (n = 464):
r = 0.68; p < 0.001). The mean FVC was higher for boys
than for girls.

The correlation between FVC and body height indicates that
FVC increases with body height (Fig. 1). The correlation
between FVC and body mass was also significant and posi-
tive (Fig. 2). There was positive correlation between FVC
and chest circumference in both genders (Fig. 3). The cor-

Table 5. Absolute number (N) and proportion (%) of pre-school age children in BMI classes (in line with BMI standards) in relation to age and gender

Age (years) Total
3 4 5 6 7
n % n % n % n % n % n %
Girls
BMI-1 10 62.5 92 79.3 129 83.8 112 82.4 96 91.4 439 83.3
BMI-2 37.5 21 18.1 18 11.7 14 10.2 7 6.7 66 12.5
BMI-3 0 0.0 3 2.6 7 4.5 10 7.4 2 1.9 22 42
Total 16 100,0 116 100.0 154 100.0 136 100.0 105 100.0 527 100.0
Boys
BMI-1 15 75.0 77 81.1 108 85.0 115 84.6 77 85.6 392 83.8
BMI-2 5 25.0 12 12.6 15 11.8 13 9.6 7 7.8 52 11.1
BMI-3 0 0.0 6 6.3 4 3.1 8 59 6 6.7 24 5.1
Total 15 100.0 95 100.0 127 100.0 136 100.0 90 100.0 468 100.0
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Table 6. FVC (L) absolute values in relation to age and gender

Gender Age (years) N M + SD

Girl 3 14 0.28 +0.06
4 113 0.51+0.23
5 154 0.73 £0.24
6 134 1.00 +0.28
7 105 1.14 +0.26

Boy 3 17 0.35+0.14
4 94 0.59 +0.25
5 127 0.83 £0.26
[§ 136 1.03 +0.24
7 90 1.28 +0.33
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Fig. 1. FVC absolute values depending on body height of girls (r = 0.73; p
0.001; n = 521) (A) and boys (r = 0,72; p 0,001; n = 464) (B).

relation between FVC and BMI (overweight and obesity)
was not statistically significant for both genders (Fig. 4).

DISCUSSION

The first seven years in a child’s life are very essential and
affect a person’s whole future life. At this age, the child ac-
quires the power of locomotion. The development of lan-
guage and intellect, intensive ossification and growth, and
change of teeth occur in these years, and the period of the
first accelerated growth comes to an end (Segleniece, 1977;
LaSiene et al., 2007).

In our work, we analysed some anthropometric parameters
of 995 pre-school age children (body mass, height, chest
circumference), which were acquired by conducting a vast
number of measurements during a period of three years.
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Fig. 2. FVC absolute values depending on body mass of girls (r = 0.65; p <
0.001; n = 521) (A) and boys (r = 0.67; p < 0.001; n = 464) (B).
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Fig. 3. FVC absolute values depending on chest circumference of girls (r =
0.60; p <0.001; n =521) (A) and boys (r = 0.63; p < 0.001; n = 464) (B).

This was the first time in Latvia when respiratory vital ca-
pacity was assessed to determine the status of the
respiratory system in such a high number of pre-school age
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Fig. 4. FVC absolute values depending on BMI of girls (r = 0.07; p < 0.11;
n = 521) (A) and boys (r = 0.07; p < 0.11; n = 464) (B).

children. In the current study, we paid attention to the influ-
ence of the pre-school age children’s main physical devel-
opment parameters on lung functions estimated by forced
vital capacity (FVC) parameters.

The body height parameters showed that the most intense
growth rate for pre-school age children was from 4 to 6
years (girls on average grow, respectively, at a rate of 7.5
cm and 7.0 cm per year, boys — 6.7 cm and 6.9 cm. Later,
the average growth rate becomes slower for both genders; at
the age from 6 to 7 years, average height growth is 4.8 cm
and 5.7 cm for girls and boys, respectively (Table 3).

In the group of girls, the biggest increase in body mass was
at the age from 4 to 6 years (on average by 2.4 kg and 2.9
kg per year, respectively). For the boys the most pro-
nounced increase in body mass was 3.0 kg yearly, observed
at the age from 6 to7 years.

By using BMI we determined the incidence of overweight
and obesity among the population of pre-school age chil-
dren. The proportions of overweight and obese girls were
12.5% and 4.2%, respectively, and in the group of boys —
11.1% and 5.1% respectively.

The tendency for increase of chest circumference in pre-
school age was rather even and similar for both genders (on
average by 2.0 cm per year).

The aim of our study was to measure absolute values of
FVC and determine changes in spirometric data and lung
vital capacity in relation to physical development parame-
ters of children.
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We used a portable air spirometer for FVC assessment,
which is easy to use in the medical office of a primary care
doctor when there is a need for the assessment of respira-
tory functions, both for patients at risk and for patients with
already existing respiratory system disease. The data ob-
tained by such a spirometer can be used either in clinical
practice or for research purposes (Zanconato et al., 2005;
Kirkby et al., 2008).

All of the included parameters (body mass, height and chest
circumference) had a positive, statistically significant effect
on FVC parameters. In our study, height had the greatest
positive effect on FVC, which corresponds to literature data
on increasing FVC in the pre-school age population while a
child is growing (Quantjer et al., 2010; Luis et al., 2012). In
order to precisely evaluate increase of FVC in relation to
growth in height, height should be measured in a seated po-
sition (Stanojevic et al., 2008), because the growth of legs
is faster than that of lungs. This explains why the lung func-
tional parameters and lung volumes were similar for differ-
ent age children.

Significant changes also take place in the thoracic configu-
ration; initially it increases longitudinally, parts of costal
cartilage and the breastbone drop lower than the respective
thoracic vertebrae, and then the diaphragm domes drop till
the lower level of the fifth rib (Grivas et al., 1991). The
chest becomes elongated since its circumference increases
proportionally more slowly than the body height.

For the assessment of the effect of body structure on FVC
and other spirometric parameters, the correlation of BMI
with lung functional parameters was taken into account.
BMI was used to assess the incidence of overweight and
obese children in the population, in relation to respiratory
function. A series of studies on adults and children reported
that presence of overweight and/or obesity was a risk factor
for the development of bronchial asthma (Gugten et al,
2012).

In our study, an increased BMI did not have statistically
significant positive or negative correlation with FVC pa-
rameters, but this does not exclude the fact that lung func-
tions are not affected by overweight or obesity. In our
study, we assessed only BMI to estimates body structure
and did not consider the proportions of active body mass
(ABM) and passive body mass (PBM), which would have
involved measurement of the thickness of fat folds in cer-
tain body parts. Increased BMI does not always indicate ex-
cessive fat amounts in the body (Sheikh et al., 2014). Our
study results were similar to a study carried out in Germany
in 2009 on six-year old children, which also reported effect
of BMI on FVC (Kalhoff et al., 2009).

On the other hand, a series of studies found a negative ef-
fect of increased BMI on respiratory system functions, caus-
ing a decrease in FVC and other spirometric parameters
(Poulain et al., 2006; Ulger et al., 2006). These cross-
sectional and prospective studies cannot fully describe the
importance of BMI in the development of bronchial asthma
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and other respiratory diseases, because these diseases typi-
cally develop later than the study period. It is confirmed
also by the studies that reported that a fast increase of BMI
was a strong risk factor in the development of bronchial
asthma in a later period (Bua et al., 2005; Sidoroff et al.,
2011). Therefore, longitudinal studies are required to deter-
mine the influence of the body structure on the respiratory
system functions more precisely. The vast number of ana-
lysed children in our study allows us to assess the condition
of the pre-school age children population, which was previ-
ously assessed to such extent in the 1960s. We estimated
children’s body height, mass and chest circumference of
this age group, thus allowing determination of growth rate.

The estimated BMI allows us to analyse the overweight and
obesity tendencies among children, although to make a
valid conclusion one should include also subcutaneous fat
fold measurement results in further studies. The estimated
lung vital capacity gives estimates respiratory system devel-
opment and the health level of our pre-school age children.
In further studies, BMI (Bua et al., 2005; Sidoroff et al.,
2011), subcutaneous fat fold measurements, and FVC
should be analysed, together with anamnesis data about pre-
vious illness, used medicines, verified asthma diagnosis,
and tobacco smoke presence in the daily breathable air,
which would allow to estimate the effect of various factors
on children’s respiratory system functions.

CONCLUSIONS

1. The mean body height in boys at the age from 4 to 7
years is higher than in girls in the respective age. The mean
height increase for both genders between age 4 and 7 years
is 19.3 cm.

2. The mean body mass in pre-school girls and boys did not
significantly differ. The increase of mean body mass in girls
from 4 to 7 years was 6.9 kg, and for boys — 7.2 kg; the in-
crease was rather even — on average by 2.4 kg per year.

3. The chest circumference increases evenly between ages 4
and 7 years for both genders — on average by 5.5 cm.

4. Overweight in a pre-school age was observed in 11.8% of
children (12.5% girls, 11.1% boys), and obesity in 4.6% of
children (4.2% girls, 5.1% boys).

5. The mean value of forced vital capacity in boys at the age
from 4 to 7 years was higher than in girls in the respective
age. The lung vital capacity increases with increase of age
and the body parameters. Increase of body mass index was
not significantly related with forced vital capacity.
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KORELACIJA STARP KERMENA MASAS INDEKSU UN PLAUSU TILPUMU BERNIEM VECUMA NO 3 LIDZ 7 GADIEM RIGAS
PIRMSSKOLAS IZGLITIBAS IESTADES

Katru gadu pasaul€ pieaug cilvéku daudzums ar lieko svaru. Virssvars un aptaukoSanas bérniba var veicinat dazadas hroniskas saslim$anas
picauguo vecuma. Bérniem ar lieko kermena svaru novéro biezakas organisma morfologisko un somatometrisko parametru izmainas,
tostarp ari plauSu funkciju izmainas. Viena no bieZakajam metodém plauSu funkcijas novértéSanai ir spirometrija. Si metode rada
izaicinadjumu plauiu funkciju noveértéana pirmsskolas vecuma bérniem. ST pétijuma meérkis ir novertét korelaciju starp plausu vitalo
kapacitati un kermena masas indeksu pirmsskolas vecuma bérniem vecuma grupa no 3 lidz 7 gadiem Rigas regiona. Pétijuma tika icklauti
995 berni no pirmsskolas izglitibas iestadem. Pirms mérfjjumu veikSanas vecaki aizpildija rakstisku atlauju ieklaut bérnu pétijuma un anketu
par bérna attistibu. Pétijuma tika veikti dazadi somatometriski mérijumi, ieklaujot ari kermepa masu, garumu, kraSukurvja apkartméru,
plauu vitalo kapacitati. Sada veida pétijums par dazadiem morfofunkcionaliem parametriem pirmsskolas vecuma bérniem Latvija ir veikts
pirmo reizi. Tika novérota pozitiva, statistiski ticama korelacija starp plauSu vitalo kapacitati un kermepa garumu, masu, kraSukurvja
apkartméru. Korelacija starp plauSu vitalo kapacitati un kermena masas indeksu nebija statistiski ticama. Iegitie rezultati neat§kiras no citu
valstu pétijumu datiem. P&tijjuma rezultatus planots izmantot parametru standartu izveidei pirmsskolas vecuma grupa Rigas regiona.
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