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Abstract: Background/Objectives: Body Mass Index (BMI) is widely used to assess nutritional status
in children and serves as a key indicator for identifying risks of overweight and underweight during
development. Understanding how BMI classifications evolve over time is crucial for early
intervention and public health planning. This study aimed to determine the scope and direction of
changes in BMI classification among children between the ages of 6 and 10. Methods: This
longitudinal study included 1,026 children (497 boys and 529 girls) from Gdansk, Poland.
Standardized anthropometric measurements were collected at ages 6 and 10. BMI was calculated and
classified using international reference systems (IOTF and OLAF). Changes in BMI classification were
analyzed using rank transformations and Pearson correlation coefficients to assess linear
relationships between somatic features. Results: Most children (76.51%) retained their BMI
classification over the four-year period. However, 23.49% experienced changes, with boys more often
moving to a higher BMI category (15.29%) and girls more frequently shifting to a lower category
(14.03%). The prevalence of obesity declined between ages 6 and 10, while both overweight and
underweight classifications slightly increased. Strong correlations were observed between somatic
features and BMI at both ages. Conclusions: The stability of BMI classification over time underscores
the importance of early identification and sustained monitoring of nutritional status. Gender-specific
patterns suggest the need for tailored health promotion strategies. In this context, incorporating
dietary interventions—such as promoting balanced meals and reducing unhealthy food intake—
could play a significant role in maintaining healthy BMI trajectories and preventing both obesity and
undernutrition during childhood.

Keywords: longitudinal study; anthropometry; BMI classification

1. Introduction

Height and body mass in the period of growth and development indicate health and nutrition
of an individual, as well as reflect the overall welfare of a population [1]. Quetelet II Height-Weight
Index — known internationally as BMI (Body Mass Index) is the index most commonly mentioned in
literature and used in practice for the assessment of biological development [2]. The Body Mass Index
is considered to be a good indicator of underweight, overweight or obesity in children and
adolescents provided that reference systems appropriate to the developmental period of the child are
applied [2]. A child’s body weight in relation to the square of its” height is a useful tool that accurately
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reflects its’ nutrition [3,4], which can be one of the indicators of the child’s health potential. The
relationship between BMI and precise methods of measuring body fat in children appears to be well
documented [5]. Among various methods of indirect assessment of body fatness, especially in
epidemiological studies, both in adults and children, BMI is the most frequently used one [6-8]. The
usefulness of BMI in predicting the risk of obesity in adulthood has been confirmed [9]. This index is
recommended as a tool to asses body mass by the WHO, the CDC, the IOTT, as well as the European
Childhood Obesity Group (ECOG) [6]. It is important to keep in mind, however, that BMI is more of
an indication of the heightened body mass rather than excess adipose tissue relative to height [10].
Systematic observation of changes in BMI in children and appropriate behavioral interventions are
the basis for prevention of eating disorders [11].

Data on somatic features enabling the observation of secular trends and taking into account risk
factors for the development of lifestyle diseases. Such factors include excess body weight, the global
incidence of which has been increasing rapidly in recent years [12-14]. Research shows that one in
four children in Europe is overweight [15]. The report from the International Obesity Task Force
(IOTF), published in 2004, containing data from 22 European countries, indicates that in some
countries the percentage of overweight children aged 7-10 years accounts for over 30% of the
population [16]. The problem of overweight and obesity in childhood, which is strongly related to
lifestyle (e.g., eating habits), is a serious challenge for public health. Numerous studies confirm that
children with excess body mass are at a higher risk of many negative health outcomes in the future
[7,17,18]. Monitoring somatic features (height and body mass) allows for not only early diagnosis of
disorders related to excess body mass, but also pathological conditions related to its deficiency. The
reasons for body mass deficiency in children are usually multifaceted. They are most often connected
to malabsorption, endocrine diseases, incorrect eating behaviours, poverty and disorders related to
emotional tension [19]. It is worth stressing that the studies showing the prevalence of overweight
and obesity in children and adolescents are greater in number than similar publications on body mass
deficiency.

In addition to its role as a marker of somatic development, BMI reflects cumulative effects of
nutrition, physical activity, and metabolism. Nutritional factors—such as energy intake, dietary
quality, and eating behaviors—can significantly influence BMI trajectories in children. Therefore,
including discussion of diet-related determinants is essential for a comprehensive understanding of
BMI changes during childhood[20].

Aim of the Study

Determining the scope and direction of changes in the Body Mass Index (BMI) classification in
children the examined at the age of 6 and 10.

2. Materials and Methods

1,026 children from Gdansk (Poland) — the same 497 boys and 529 girls were examined at the
age of 6 and 10 (longitudinal study). The calendar age of children was calculated from the difference
between the date of examination and the date of birth and expressed in the decimal system [21]. The
group of children studied included those whose age, expressed in the decimal system with an
accuracy of 0.01 years, was in the range of 6.00-6.99 for the age of 6 and 10.00-10.99 for age 10.

The research material consists of studies conducted in the years 1999-2005 and 2003-2008 as part
of health programs implemented by the Center for the Promotion of Children’s Health and Fitness
in Gdansk. The size of the study group divided by gender is shown in Table 1.

Table 1. Numeral characteristic of the study group.

(n) (%)
Boys Girls Boys Girls
497 529 48,44 51,56 1026

sum
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All people for whom anthropometric measurements were difficult to perform were excluded
from the study (e.g., children with limbs immobilized with plaster casts or with disorders of the
musculoskeletal system). In the diagnostic procedure, body height was measured using a stadiometer
with an accuracy of 1 mm, in a standing upright (Frankfurt plane) position, without shoes. The body
mass was measured with an accuracy of 50g with the child wearing underwear or exercise clothes
for PE classes. Body mass and height measurements were performed using a Polish made TYP WB
150 medical scale with a stadiometer or an also Polish made Mensor TYP WE 150 digital scale with a
stadiometer. The devices were tared daily.

Anthropometric measurements were used to calculate the Body Mass Index (BMI) using the
following formula:

BMI =body weight (kg) / (height (m))2

International developmental norms for excess body mass [2] and body mass deficiency for
children and adolescents aged 2-18 years [22] were used as a frame of reference for the Body Mass
Index (BMI).

Percentile values for height, weight and BMI for the examined persons were determined based
on current percentile grids for the population of children and adolescents in Poland — the OLAF
program [23].

Due to the lack of percentile values for the age range between 6.00-6.49 in the OLAF percentile
grids (OLAF percentile grids apply to people aged 6.5-18.5), the data from 6-year-old children in the
range 6.00-6.49 were not used for statistical analysis using percentile values.

The basic analysis of somatic characteristics data was carried out separately for boys and girls
taking into account groups distinguished based on the Body Mass Index (BMI) classification. The
following basic characteristics of the distributions of measurable features were calculated: arithmetic
mean, median, standard deviation and minimum and maximum values.

Two transformations were used to analyze the dynamics of change: ranking — scale change
transformation to a weaker one which enables the presentation of selected regularities of the
phenomenon, and differentiation — the transformation which quantitatively expresses changes
between the group of the same children at the age of 6 and 10, so that on the basis of arithmetic
sequence differences, it was possible to perform numerical calculations, including distribution
characteristics and correlation analysis.

The relationship between somatic features and the Body Mass Index (BMI) was examined based
on the Pearson Correlation Coefficient. It was assumed that the correlation coefficients were
statistically significant at the level of p < 0.05. Basic statistical analyses were performed for the
percentile values of anthropometric measurements and the BMI index for individual BMI
classification groups and their mutual linear correlation.

In order to observe the number, percentage and direction of changes in BMI classification in the
same children examined at two life stages, ranks for BMI categories (body mass classification) were
determined. The rank assignment is shown in Table 2.

Table 2. Rank assignment for individual BMI categories (body mass classification).

BMI categories rank

significantly underweight 1

underweight

thinness

Normal weight

Overweight
Obesity

NG| W

Observing the rank difference results for BMI enables the analysis of the scope of changes in
body mass classification and its direction. The observed changes towards positive values indicate a
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category change connected to relative (in reference to the IOTF reference system) body mass increase
for age and gender. Changes towards negative values indicate a change in body mass classification
(BMI category) associated with a relative decrease in body mass for gender, age and height.

Example:

BMI of a child examined at the age of 6 was classified as ‘normal body mass’ (BMI1 = rank 4) but
BMI of the same child at the age of 10 was classified as ‘obese’ (BMI2 = rank 6). BMI2 — BMI1 (6 - 4 =
2) — that means a change of body mass classification by two ranks in the direction of relative body
mass increase.

3. Results

A lower percentage of people with normal body weight was observed in children aged 10
(69.88%) compared to studies conducted in the same population at the age of 6 (71.23%).

At 10 years of age, the percentage of children with excess (17.45% at the age of 6 vs. 18.51% at
the age of 10) and deficient (8.97% at the age of 6 vs. 11.59% at the age of 10) body mass has increased
compared to the results achieved at the age of 6.

The change in the percentage of individual body weight classifications varied in direction and
scope depending on gender.

At the age of 10, a lower percentage of boys and girls with obesity was observed, while the
percentage of overweight children increased. The highest percentage (4.73%) of obese children was
found in the group of girls aged 6, however the percentage of obesity in the same group of girls at
the age of 10 was only 1.70%. A lower incidence of obesity at the age of 10 was also observed in boys.
Compared to the percentage of boys with this body weight classification at the age of 6, when the
percentage of obese boys was 3.62%, at the age of 10 it dropped to 2.62%.

In boys, the number and percentage of people with the underweight classification decreased
slightly (from 9.25% at the age of 6 to 8.25% at the age of 10). However, in girls, the percentage of
people with body weight deficiency increased from 8.97% at the age of 6 to 11.59% at the age of 10.
The number and percentage of children in each body mass classification rank is presented in Table 3.

Table 3. Number and percentage of children ranked according to body mass classification performed at the age

of 6 and 10.
boys girls Sum (boys and girls)
aged 6 aged 10 aged 6 aged 10 aged 6 aged 10

(n) (%) (n) (%) (n) (%) (n) (%) (n) (%) (n) (%)
body mass classification
Obesity 18 3,62 13 2,62 25 4,73 9 1,7 43 4,19 22 2,14
Overweight 65 13,08 89 17,91 71 13,42 79 14,93 136 13,26 168 16,37
Normal weight 368 74,04 354 71,23 387 73,16 363 68,62 755 73,59 717 69,88
hi 41 8,25 35 7,04 39 7,37 63 11,91 80 7,8 98 9,55
underweight 2 0,4 6 1,21 3 0,57 9 1,7 5 0,49 15 1,46
significantly underweight 3 0,6 0 0,00 4 0,76 6 1,13 7 0,68 6 0,58
sum 497 100 497 100 529 100 529 100 1026 100 1026 100

The majority of 10-year-old children (76.51%) maintained the body mass classification from
when they were 6. This observation concerned almost equally boys (75.45%) and girls (76.51%). One
fourth of the children participating in the study changed their body mass classification, and its
direction turned out to be different in the groups of boys and girls. The main direction of changes in
body mass classification in boys was achieving a higher level of BMI classification (i.e., relative weight
gain). It concerned 15.29% of the participants. In girls (14.03%), the main direction of changes turned
out to be the opposite and concerned achieving a lower level of BMI classification. Changes in body
mass classification were primarily associated with a change by one level. Only 14 children, i.e., 1.36%,
changed their body mass classification by two levels. Change in body mass classification by three
levels concerned only two girls. The detailed data on changes in body mass classification can be found
in Table 4.
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Table 4. Numerical characteristics of the scope and direction of changes in the classification of the BMI in

children examined at 6 and 10 years of age.

boys girls Sum (boys and girls)
number of percentage  number of percentage number of percentage of
rank changes of rank rank of rank rank changes rank changes
BMI2-BMI1 changes changes changes BMI2-BMI1 BMI2-BMI1
BMI2-BMI1  BMI2-BMI1 BMI2-BMI1
(n) (%) (n) (%) (n) (%)
range of rank changes
-3 0 0 1 0,19 1 0,10
-2 2 0,4 4 0,76 6 0,58
-1 51 10,26 86 16,26 137 13,35
0 375 75,45 410 77,50 785 76,51
1 62 12,47 26 4,91 88 8,58
2 7 1,41 1 0,19 8 0,78
3 0 0 1 0,19 1 0,10
sum 497 100 529 100 1026 100

In order to expand on the observations of changes in somatic features and BMI, a statistical
analysis of percentile values was performed. The results of the analysis are presented in Tables 5 and
6. The mean value of the body height percentile for boys aged 6 (6.50 - 6.99) was 44.2. After 3 years,
the same group of boys had a higher mean body height percentile value of 52.1. A higher mean
percentile value in boys at the age of 10 can also be observed in body mass. The mean BMI percentile,
however, was lower in boys at the age of 10 than at the age of 6, which resulted from the difference
in the increase proportion between the mean percentile values of the body mass and height. In the
group of girls, similarly to the population of boys, the mean BMI percentile was lower at the age of
10, decreasing from 55.8 at the age of 6 to 51.0. Similarly, a lower mean body mass percentile was
observed in girls at the age of 10 compared to the age of 6. Of the somatic features examined in this
group, only the mean value of the body height percentile was higher at the age of 10. The mean
percentile values of the BMI in boys with obesity, overweight or normal weight at the age of 6 were
lower at the age of 10, while in boys who were slim or significantly underweight, the mean percentile
values were higher after 3 years of observation. Similarly to the group of boys, the mean BMI
percentile values in girls with obesity, overweight and normal body weight at the age of 6 turned out
to be lower after 3 years of observation. It has also been observed that children (boys and girls) with
excess body mass (overweight, obesity) had the highest mean body height values at both 6 and 10
years of age.

Table 5. Mean percentile values of body mass, body height and BMIL

mean

(n) (%) Percentile Percentile Percentile Percentile Percentile Percentile
BMI 1 BMI 2 body mass 1 body mass2  body height 1 body height 2
Boys 270 48 55,2 52,5 51,9 52,2 44,2 52,1
Girls 288 52 55,8 51,0 54,46 52,0 50,9 53,4
sum 558 100 55,5 51,7 52,83 52,1 47,6 52,8

The BMI and the somatic features (height and body mass) of boys and girls examined in two
periods of life — at 6 and 10 years of age are statistically significantly correlated. Detailed data is
provided in Tables 7 and 8.
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Table 6. Mean percentile values of body mass, body height and BMI depending on the BMI classification at the

age of 6.
mean
boys girls
classification Percentile Percentile Percentile Percentile Percentile Percentile Percentile Percentile Percentile Percentile Percentile Percentile
BMI 1 BMI 1 BMI 2 body body body body BMI 1 BMI 2 body body body body
mass 1 mass 2 height 1 height 2 mass 1 mass 2 height 1 height 2
(n) (n)
Obesity 11 97,9 93,4 96,3 93,9 78,7 79,1 18 98,2 91,8 97,3 91,5 75,9 74,4
Overweight 46 89,1 84,4 80,4 78,9 49,9 58,5 40 90,9 83,3 87,4 82,0 63,9 66,7
Normal 188 50,6 47,3 46,1 47,4 41,8 49,9 203 51,4 46,6 50,0 48,0 49,2 52,2
weight
hil 23 9,1 15,8 15,4 21,9 34,6 44,8 24 9,8 10,2 10,8 11,4 25,2 27,4
underweight 0 0 0 0 0 0 0 2 1,5 1,1 5,0 3,0 30,5 27,0
significantly 2 0,1 3,5 7,0 13,0 60,0 54,5 1 1,0 0,1 13,0 8,0 76,0 71,0

underweight

Table 7. Linear correlation coefficients (rxy) of the studied variables in boys (the determined correlation

coefficients are significant with p <0.05).

body mass 1 body height1  body mass 2 body height2 BMI1 BMI 2
body mass 1 1,0000 0,6907 0,7984 0,5663 0,8829 0,6235
body height1  0,6907 1,0000 0,5840 0,8027 0,2803 0,2928
body mass 2 0,7984 0,5840 1,0000 0,6008 0,6833 0,8691
body height2  0,5663 0,8027 0,6008 1,0000 0,2426 0,1653
BMI 1 0,8829 0,2803 0,6833 0,2426 1,0000 0,6421
BMI 2 0,6235 0,2928 0,8691 0,1653 0,6421 1,0000

Table 8. Linear correlation coefficients (rxy) of the studied variables in girls (the determined correlation

coefficients are significant with p <0.05).

body mass 1 body height1  body mass 2 body height2 BMI1 BMI 2
body mass 1 1,0000 0,7169 0,8642 0,6346 0,8873 0,7776
body height1  0,7169 1,0000 0,6162 0,8241 0,3214 0,3543
body mass 2 0,8642 0,6162 1,0000 0,7071 0,7723 0,9168
body height2  0,6346 0,8241 0,7071 1,0000 0,3288 0,3745
BMI 1 0,8873 0,3214 0,7723 0,3288 1,0000 0,8297
BMI 2 0,7776 0,3543 0,9168 0,3745 0,8297 1,0000

4. Discussion

The presented research shows that most children (over 75%) aged 10 maintain the BMI
classification category assigned at the age of 6. Only a quarter of them changed their BMI
classification. For most boys, this change was associated with a relative (to age and body height)
weight gain, while for girls the direction of change turned out to be the opposite. For both sexes, it
was found that the percentage of obese children was lower in 10 year-olds. This observation
(although made only for the prepubescent period) is not entirely consistent with some studies stating
that obesity tends to increase with age [24]. This may be related to the so-called growth spurt that
starts around the age of 10. A rapid increase in body height may result in temporarily lower values
of the BMI and a change in the BMI classification from obesity to excess body mass, although existing
reference systems created on the basis of population studies (including the one used in this work)
largely take into account the existence of this phenomenon. Observation of the same children over a
longer period of time will enable verification of this hypothesis. According to many authors, obesity
is very common in adults who were overweight in childhood [7,18,25,26]. It is worth noting that only
6% of children with obesity or overweight at the age of 5 had a normal body weight at the age of 14
[27], but there was a tendency for girls after puberty to obtain lower categories for BMI values long
term (from 7 to 18 years of age) [28].
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Previous research shows that somatic features are genetically determined, but the strength of
this conditioning is different for height and body mass. Strong conditioning is found in case of bone
dimensions, while weak conditioning is found in the case of body mass [29]. The biological
development of children in terms of a significantly determined “developmental pathway” for height
and body mass is confirmed by the research results presented in this work: there is a high linear
correlation of measurement values and percentile values for height, body mass and BMI at the ages
of 6 and 10.

It is important to recognize the potential impact of dietary interventions on BMI development in
children. Numerous studies have shown that improvements in diet quality —including increased
consumption of fruits and vegetables, reduction in sugar-sweetened beverages, and promotion of
regular meal patterns—can positively affect weight status [30]. Furthermore, school-based nutrition
programs and family-centered dietary guidance have demonstrated effectiveness in slowing BMI
gain or promoting weight normalization in children [31,32]. Considering that almost one-quarter of
the children in our study experienced a shift in BMI classification, early nutritional interventions
could play a critical role in stabilizing or reversing unhealthy trends, particularly in children with
upward or downward shifts in BMI categories.

5. Conclusions

The observed maintenance of the same body mass classification in a significant number of
children at the age of 6 and 10 should oblige us to identify the problem of excess and deficient body
mass in the youngest age groups possible and to undertake health-promoting interventions for them
aimed at developing their ability to maintain appropriate body weight.

The change of the classification of body mass in some children with obesity at the age of 6 to
overweight at the age of 10 (even if it is associated with a periodic, significant increase in body height
at this age) is a good opportunity to conduct health interventions preventing obesity.

Integrating nutritional strategies into public health interventions—including education on
healthy eating habits and access to balanced meals—may further enhance efforts to prevent or reduce
childhood overweight and obesity, especially during key developmental windows such as early and
middle childhood.
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