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Abstract
Introduction: Obesity is a major health problem in Poland and around the world. Excessive gain in early childhood is an important 
risk factor for the development of obesity.
The aim of the study was to analyze the prevalence of obesity in 2-, 4- and 6-year-old obese children.
Material and methods: The study group: 656 overweight and obese children aged 5–18 years old. The patients’ height and weight 
were measured, body mass index (BMI) was calculated. Overweight: BMI between 85th-97th percentile and obesity: BMI > 97th were 
defined using World Health Organization. BMI < +2 SDS as overweight, BMI ≥ +2 SDS as class I obesity, and BMI ≥ 3 SDS as class 
II. Measurements from the health books of children aged 2 (n = 626), 4 (n = 533) and 6 (n = 518) years old were analyzed.
Results: Mean age: 12.25 ±2.90 years, BMI SDS: +2.54 ±0.60. There were 100 overweight (15.2%) and 556 obese (84.8%) chil-
dren in the group, including 143 patients with class II obesity (21.8%). Children < 10 years old comprised 28%. It was established 
that 36.6% of the patients were overweight or obese at the age of 2 years old. At the age of 4, the percentage was 73.9%, and at the 
age of 6, it was as high as 84%.
Conclusions:
1. The children studied had excess body weight from early childhood. The prevalence of obesity increased with age.
2. Systematic monitoring of developmental parameters in children is essential from an early age.
Key words:
obesity, children, prevention.

Streszczenie
Wprowadzenie: Otyłość w Polsce i na świecie jest istotnym problemem zdrowotnym. Nadmierny przyrost masy ciała we wczesnym 
dzieciństwie to ważny czynnik ryzyka rozwoju otyłości.
Cel pracy: Analiza występowania nadmiernej masy ciała w wieku 2, 4 i 6 lat u dzieci z otyłością.
Materiał i metody: Grupa badana to 656 dzieci w wieku 5–18 lat z nadwagą i otyłością. U pacjentów mierzono wysokość, masę cia-
ła i wyliczono wskaźnik masy ciała (body mass index – BMI). Nadwagę (BMI powyżej 85.–97. centyla) i otyłość: (BMI > 97. centyla) 
definiowano wg norm Światowej Organizacji Zdrowia. Za nadwagę przyjęto BMI < +2 SDS, za otyłość I° BMI ≥ +2, za otyłość II° 
BMI ≥ 3. Analizowano pomiary z książeczek zdrowia dzieci w wieku 2 (n = 626), 4 (n = 533) i 6 (n = 518) lat.
Wyniki: Średni wiek pacjentów wynosił 12,25 ±2,90 roku, BMI w SDS: +2,54 ±0,60. W grupie było 100 dzieci z nadwagą (15,2%) 
i 556 z otyłością (84,8%), u 143 pacjentów (21,8%) występowała otyłość II stopnia. Dzieci < 10 lat stanowiły 28% grupy. Stwierdzo-
no, że w wieku 2 lat nadwagę lub otyłość miało 36,6% pacjentów. W wieku 4 lat odsetek wynosił 73,9%, w wieku 6 lat już 84%.
Wnioski:
1. U badanych dzieci nadmierna masa ciała występowała od wczesnego dzieciństwa. Częstość otyłości wzrastała z wiekiem.
2. Niezbędne jest systematyczne monitorowanie parametrów rozwojowych u dzieci od najmłodszych lat. 
Słowa kluczowe:
dzieci, otyłość, profilaktyka.
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Introduction 
Obesity in children and adolescents is a  growing health 

problem on a global scale. According to data published in 2017, 
the percentage of children with obesity increased eightfold be-
tween the years 1975 and 2016, and their total number in 2016 
was 41 million [1–5].

In Poland, the prevalence of overweight and obesity in chil-
dren and adolescents is a  widely researched topic. Studies 
have reported the occurrence of obesity in increasingly youn-
ger age groups [6–10].

Most (80–90%) developmental age patients admitted for 
a  diagnosis of overweight and obesity are adolescents with 
metabolic disorders: carbohydrate and/or lipid metabolism 
disorders, hypertension, insulin resistance, and metabolic 
syndrome. Infancy and adolescence are thought to be “criti-
cal periods” for the development and persistence of obesity. 
Rapid and excessive weight gain in early childhood increases 
the risk of obesity developing, with significant, ever-increasing 
health complications in adulthood as well as in adolescence. 
It is vital that prevention of obesity should begin in early child-
hood [5, 10–16]. Members of the European Childhood Obes-
ity Group (ECOG) request that large-scale projects promoting 
a healthy lifestyle and weight control be undertaken, with the 
participation of the media and a wide range of medical specia-
lists [2, 3, 10, 17, 18].

The aim of the study

The aim of the study was to evaluate the development of 
excess body weight in the early childhood based on the 2-, 
4- and 6-year-olds health balance  in children and adolescents 
hospitalized due to overweight and obesity”. 

Material and methods

The study was conducted in children and adolescents 
admitted to the Department of Pediatrics and Endocrinology 
of the Medical University of Warsaw due to overweight and 
obesity between 2002–2020 (19 years’ follow-up). According 
to our exclusion criteria we included to the study 656 patients 
(332  boys and 324 girls) out of 3320 overweight and obese 
children aged 5–18 years (which is about 12% of all patients 
hospitalized in our endocrinology department). 

All qualified children were medically examined, their height 
and weight were measured. Secondary obesity was excluded. 
Measurements were taken in the anthropometric laboratory 
by one person, in accordance with standard anthropological 
methodology. Height and body weight were used to calculate 
the body mass index (BMI), which was standardized in line with 
WHO guidelines (2007). Overweight and obesity were defined 
using growth charts: 85th–97th percentile and > 97th percentile, 
respectively. BMI values were converted to normalized data 
(BMI SDS) (19). BMI > + 1 SDS was classified as overweight, 
BMI ≥ +2 SDS as class I obesity, and BMI ≥ 3 SDS as class II 
obesity. Information concerning the height and weight of the 

children as measured during routine check-ups at the ages of 
2, 4 and 6 was obtained from their health record books. We 
took to analysis only children, who had a  minimum of two 
such examinations. Overweight and obesity were assessed for 
every age group. The increases in the children’s height and 
weight and BMI values in subsequent studies were analyzed. 
The resulting data were compared to the mean height gain and 
weight gain according to current reference values for the Polish 
population. It was verified whether there was a  relationship 
between overweight/obesity and the child’s gender. The data 
were processed using the MS Excel 2007.

Results

In the study group, the mean BMI SDS was +2.54 ±0.6, 
the mean BMI was 27.56 ±3.85 kg/m2. One hundred children 
(15.2%) were diagnosed with overweight, and 556 patients 
(84.8%) with obesity. Class II obesity (BMI ≥ +3 SDS) was fo-
und in 143 patients (21.8%).

The mean calendar age of the participants was 12.25 
±2.90  years (the youngest being 5 and the oldest being 
18 years old). Twenty eight percent of the children were younger 
than 10 years old, including 10 children < 7 years old. Obesity 
was found in as many as 94% of this group. The largest group 
was children from 10 to 15 years old, and 86.5% of them were 
obese. The group of children > 15 years old was characterised 
by the highest percentage of overweight: 33.1% (Table I).

The number of children with class II obesity decreased with 
age (42.6% vs. 17.1% vs. 5.3%), although 12% of patients in the 
oldest age group reached a body weight of > 110 kg, and the 
maximum body weight in one of them was 150.4 kg. 

Anthropometric measurements for the ages of  2, 4 and 
6 years old were obtained for 95.4%, 81.2% and 79% of the 
participants respectively. At the age of 2 years old, 82 children 
(13.1%) were overweight and 147 patients (23.5%) were obese. 
At the age of 4 years, 170 children (31.9%) were overweight, 
while  224 (42%) were obese. At the age of 6, overweight was 
found in 170 (32.8%) patients, and obesity in as many as 
265 (51.2%). In total, excess body weight was found in 36.6% of 
patients aged 2, in 73.9% at the age of 4, and in 84% of children 
aged 6 years old (Table II).

In the period between the ages of 2 and 6 years old, the 
mean body weight gain in the patients was 15.6 kg/4 years 
(while the median was 12 kg). The maximum weight gain was 
35.9 kg/4 years, and weight gain over 20 kg was found in 
89 children (17%). Large height gains were found in the study 
group. The mean height gain between check-ups at the age of 
2 and 6 was 32.4 cm. The mean growth rate was approximately 
8 cm/year, but growth rate of over 12 cm/year (55 cm/4 years) 
was also recorded.

Very large weight gains were observed between the ages 
of 2 and 4 (in 64 children weight gain was > 10 kg/2 years, 
the maximum weight gain was 24 kg). Between the ages of 
4 and 6, weight gain was over 10 kg/2 years  in 125 patients, 
over 20 kg/2 years in 3 patients, with the maximum gain as high 
as 28 kg.
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In the 6-year-olds’ check-ups, obesity was more common 
in girls than in boys (175 vs. 90 cases). No such difference was 
found at the age of 2 years old. A tendency for overweight was 
already visible in 4-year-old girls (p > 0.05) (Fig. 1).

Discussion

Poland is one of the countries where the prevalence of over-
weight and obesity in children and adolescents is below 15%. 
According to Kułaga et al. [8], in large-scale randomized stu-
dies including over 5000 children, obesity was found in 4.9% 
of boys and 3.4% of girls between the ages of 2 and 6, while 
the total percentage of children with excess body weight (after 
the inclusion of overweight, according to WHO guidelines) was 
12% and 10% respectively.

Our observations indicate that over 36% of patients ad-
mitted to the Department of Endocrinology with excess body 
weight were obese at the age of 2, and this percentage incre-
ased with age (at 4 and 6 years old). This is in line with many 
authors from around the world reporting an ever-earlier onset of 
obesity: in Australia 1 in 5 children aged 2–3 years old and 1 in 

Table I. Study group characteristics (n = 656)

Calendar age < 10 years 10–15 years > 15 years

Number (n) and (%) 183 
(28%)

340 
(51.8%)

133 
(20.2%)

Mean BMI w SDS +3.11 1.19 +3.0 1.16 +3.02  1.13

Overweight 
n (%)

11
(6%)

46
(13.5%)

44
(33.1%)

Obesity I° 
n (%)

94 
(51.4%)

236
(69.4%)

82
(61.6%)

Obesity II°
n (%)

78 
(42.6%)

58 
(17.1%)

7 
(5.3%)

Table II. Number and percentage of patients with overweight and obesity in check-ups at particular ages

Age/number Overweight (n) Obesity (n) Overweight (%) Obesity (%) All (%)

2 years old
(n = 626)

82 147 13.1 23.5 36.6

4 years old
(n = 533)

170 224 31.9 42.0 73.9

6 years old
(n = 518)

170 265 32.8 51.2 84.0

2 years 4 years 6 years

girls (%)

51
46.9 49

53

34

66

boys (%)

100

90

80

70

60

50

40

30

20

10

0

Figure 1. Percentage of obese children aged 2, 4 and 6 by 
gender (%)
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3 children aged 2–5 have excess body weight, in England in 
2016 overweight or obesity was found in 11% of children aged 
2–4 years, in 20% of children aged 4–5 years and in as many as 
30% of children aged 11 years [2, 4, 5].

Among the causes of overweight and obesity in young chil-
dren which have been cited are low birth weight, short duration 
of breastfeeding, early introduction of sweet foods into infants’ 
diet and lack of parental knowledge about the principles of he-
althy nutrition [6, 7, 9, 17].

An American study (Maher et al. 2008) which was based on 
the nationwide programme Early Childhood Longitudinal Study 
– Kindergarten Cohort (ECLS - K) found a 12% prevalence of 
obesity among first-time preschoolers. Obesity was less freque-
nt in children who had attended care institutions than in tho-
se who had been cared for by their parents or guardians [20]. 
A Canadian study within the framework of the Better Beginnings, 
Better Futures programme assessed 760 children from Ontario, 
ranging from preschool age to the 3rd grade of primary school. It 
was found that 68.2% of children whose BMI was > 85th percen-
tile in kindergarten had a BMI > 95th percentile in the 3rd grade. 
The prevalence of overweight increased during that period from 
9.9% to 15.2% [21]. In the present study, the highest percentage 
of children with class II obesity (42.6%) occurred in the youngest 
group of children (< 10 years old) and was probably the reason 
for the early referral of the child to a specialist.

Initially, intervention programmes aimed at obese children 
targeted school age groups. Due to unsatisfactory results, and 
in line with WHO recommendations emphasising the impor-
tance of preventative measures, more and more programmes 
are currently addressed to parents and guardians of children 
in the youngest age groups. The core principle of most such 
programmes is promoting a healthy lifestyle, which includes: 
proper nutrition, physical activity and changes in daily routi-
ne (less “screen time”). Simple, yet effective programmes are 
being developed that use modern technology, e.g. computer 
programmes, applications, support via text reminders [22, 23].

Positive effects of such programmes have been reported 
by researchers from various parts of the world. In Thailand, 
a three-year nutrition education programme conducted in se-
veral kindergartens resulted in a  significant decrease in the 
percentage of overweight and obese children [24]. In France, 
following a  two-year educational programme addressed to 
the teachers and parents of preschool children, a  lower BMI 
increase was found in those children compared to a  control 
group [25]. A large study based on a programme developed 
at the University of Manchester was conducted in England in 
2013–2017 (Children’s Health and Monitoring Programme). 
It included children aged 4–11 years old, whose height and 
weight were measured on a  yearly basis. The novelty of the 
programme consisted in using an application which made it 
possible to send the parents information about the child’s me-
asurement results, along with an interpretation of their BMI and 
advice on the principles of a healthy lifestyle [23]. Positive ef-
fects were reported in the group using the application. In the 
UK, Hodgkinson et al.  conducted a study to which 2-year-old 
children attending nurseries and their mothers were recruited. 

Trained personnel provided education using activities and ma-
terials in the form of games and stories about health heroes 
(Healthy Heroes). They were related to diet and physical activi-
ty, encouraging changes in lifestyle and dietary habits. Height 
and weight measurements were taken every 6 months up to 
the age of 4. A decrease in BMI was documented in children 
from the study group, while in children from the control group 
the BMI value increased [5]. According to a study by American 
researchers (Tucker, 2019), a  6-month pro-health behaviours 
scheme led to a  reduction in “screen time”, an improvement 
in dietary habits and an increase in physical activity [26]. In 
2019, Pan et al. published the results of a very extensive pro-
gramme, conducted in all the states of the USA between 2010 
and 2016, facilitating healthy nutrition of women, infants and 
children (Special Supplemental Nutrition Program for Women, 
Infants and Children). Most of the states (73%) demonstrated 
a decrease in the prevalence of obesity in the group of 2- to 
4-year-old children enrolled in the program. It must be noted 
that at the same time the USA saw a significant increase in the 
number of obese children in this age group [27].

In Poland, endocrinologists and dietitians have long 
been drawing attention to the problem of obesity in children 
[2,  6–10,  17]. The Polish National Health Programme took 
account of the guidelines set out in the European Charter on 
Counteracting Obesity (2006), which were implemented with 
the participation of the National Food and Nutrition Institute as 
POL-HEALTH [28]. They urged instigating education of various 
social groups, including those associated with health protec-
tion, and education of children and adolescents. The pro-
gramme was conducted in the years 2007–2011 [28, 29]. Also 
noteworthy are the actions of researchers from the leading in-
stitutes, such as The Children’s Memorial Health Institute – “The 
ToyBox Study Group”, Institute of Mother and Child – activities 
in the OECD, the National Food and Nutrition Institute – popu-
larization of healthy nutrition, and Medical Universities, along 
with nutrition associations and societies: Polish Society of Di-
etetics, Polish Association of Dietitians [3, 7, 30–32]. Local gov-
ernment initiatives to counteract obesity in children have also 
been launched. In Warsaw, the “I know what I eat” campaign 
is in place, launched by the City of Warsaw, involving educa-
tional institutions and aimed at, among others, children aged 
6–9 years old. There is also an educational campaign underway 
(already in its 11th edition) in favour of drinking water: “Mum, 
Dad, I prefer water”, prepared by mineral water producers, un-
der the auspices of the Ministry of Health and leading paediatric 
centres in the country, providing valuable educational materials 
for shaping proper nutrition habits among the youngest [29]. 
Tangible effects of these actions can already be observed.

The study by Żegleń et  al. assessed the prevalence of 
obesity in children aged 3 to 7 years old in Krakow in the years 
2008 to 2018 and no increase in the prevalence of excess body 
weight was found in the decade in question [33]. In Wroclaw, 
230 children aged 6 years were observed and it was found that 
approx. 10 % of them had excess body weight (8.2% were over-
weight and 1.7% were obese) [34]. In a  study from Gdansk, 
where the authors investigated the prevalence of overweight in 
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over 70,000 children aged 6 to 13 years, it did not increase over 
a period of 20 years, between 1992 and 2012 [35].

A prerequisite to undertake any intervention is awareness 
of abnormalities in the child’s nutrition and development. Fast-
growing children, crossing consecutive body height percentile 
channels, should be subject to more frequent anthropometric 
monitoring, even if their BMI remains at a constant level. It is 
well-known that increased insulin secretion causes growth ac-
celeration thanks to its action on the insulin-like growth factor 
(IGF-1) receptor. This fact is supported by our material, where 
significant increases in height between 2 and 6 years of age 
were found in some obese children, with growth rate averaging 
approx. 8 cm/year and even reaching above 12.5 cm/year.

Younger children are still not referred to a specialist often 
enough. Among our patients, children < 10 years old compri-
sed only 28% of the study group, while overweight and obesity 
were already found in 36.6% of children aged two, and this per-
centage increased with age (it was 73.9% at the age of 4 and 
84% at the age of 6).

In everyday practice, BMI is rarely determined for the youn-
gest children, and often the results obtained are not compared 
to population norms. In Poland, currently issued health record 
books contain body weight and BMI growth charts for young 
children (according to the WHO), and from 3 to 18 years of age, 
body height, weight and BMI charts for the Polish population 

(according to the OLA and OLAF project). The values recom-
mended for diagnosing overweight are BMI > 85th percentile, 
and for obesity BMI > 97th percentile [8, 19]. Many researchers 
note the usefulness of measuring waist circumference, which 
is a good marker in the assessment of adipose tissue distribu-
tion, also in preschool children [36–38]. Percentile distributions 
of this parameter for children and adolescents are available in 
Poland [38–40].

If any abnormalities in the physical development of a child 
are found during a regular check-up, it is advisable to perform 
more frequent anthropometric measurements. One should cal-
culate the patient’s BMI, measure their waist circumference and 
then evaluate these indicators using growth charts, give them 
advice on healthy nutrition and provide them with early specia-
list care in order to normalize their weight.

Conclusions

The children studied had excess body weight from early 
childhood. The prevalence of overweight and obesity increa-
sed with age.

Systematic monitoring of developmental parameters in chil-
dren is essential from an early age, and if any abnormalities are 
found, an urgent referral to a specialist and starting educational 
and training programmes are necessary.
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