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Abstract
Introduction The monitoring of children’s growth plays a crucial role in assessing their growth patterns and 
indicating their weight status. Overweight and obesity, determined by cut-offs of body mass index (BMI), are most 
commonly associated with unhealthy nutrition, non-communicable diseases, and other health disorders. The World 
Health Organization (WHO) initiated the WHO European Childhood Obesity Surveillance Initiative (COSI) to measure 
routinely trends in children’s anthropometric changes, which allow intercountry comparisons within the European 
Region. Lithuania joined the COSI initiative. Our study aims to evaluate and compare underweight, normal and 
elevated weight (overweight and obesity) changes of Lithuanian first-graders during eleven years period.

Methods This study was composed according to the COSI study protocol, and it compares the five rounds of 
anthropometric measurements of Lithuanian first-graders (7-8-year-old) from 2008 to 2019. The main analysed 
variables were weight and height; calculated BMI, weight-for-age (W/A), height-for-age (H/A) and body mass index-
for-age (BMI/A) z-scores. Changes of the indicators were evaluated according to the International Obesity Task Force 
(IOTF) cut-offs and WHO child growth standards, grouped by 4 estimates: underweight (thinness), normal weight, 
overweight and obesity. All comparisons were performed between age groups, gender and COSI round year.

Results The mean values for weight, height, W/A and H/A Z-scores were significantly higher for both age and gender 
groups when comparing later COSI round years (2016 or 2019) to earlier years (2008–2013, in some cases 2016 is 
included in this range). Time trends of the WHO growth standards and IOTF cut-offs indicate significant decrease 
among 7-year-old overweight group for boys and girls. Also, a significant decrease was indicated among boys aged 8 
years in the overweight group according to the WHO definitions. The only significant increase in trend were expressed 
in girl’s group with obesity aged 8 years according to IOTF cut-offs.
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Introduction
The monitoring of children’s growth indicators, both 
nationally and internationally, is a very important area 
of public health. It is possible to assess children’s growth 
trends and identify emerging problems in time, such as 
underweight, overweight, and obesity, by continuously 
carrying out surveys and analysis of children’s anthro-
pometric indicators. It is important to monitor weight 
because nutritional status can have the impact on child’s 
development, physical and mental health. In addition, 
the anthropometric indicators can reflect the quality of 
child nutrition and physical activity, quality of health care 
services, environmental conditions, implemented pre-
vention and healthy lifestyle programs, and their need 
[1–3]. Low height and low body mass index (BMI) usu-
ally is caused by poor living conditions, malnutrition, 
and it is associated with child’s poor growth and devel-
opment [4, 5], increased risk of infectious diseases [6, 7], 
anemia [8], psychological and behavioural problems [9]. 
Furthermore, overweight and obesity reflect poor nutri-
tional conditions, an unbalanced diet rich in calories and 
low in nutrients [10]. Increased BMI is associated with 
non-communicable diseases like cardiovascular diseases 
[11–13], type 2 diabetes, and cancer, also it affects mental 
health [12], etc. Moreover, anthropometric indicators in 
childhood are related to indicators in older age [14, 15].

To routinely measure trends in overweight and obesity 
of primary schoolchildren and to form a correct under-
standing of the epidemic in this population group and to 
permit intercountry comparisons within the European 
Region, in 2006 the WHO initiated the WHO European 
Childhood Obesity Surveillance Initiative (COSI). Ini-
tially, 13 countries of the WHO European region con-
tributed to the initiative. In 2018–2020, 45 countries 
participated in the survey [16]. This survey in all coun-
tries was conducted according to a standardized meth-
odology and a unified study protocol [1]. The Lithuanian 
University of Health Sciences has been involved in the 
initiative from its planning and the first data collection 
round was conducted in 2008.

Over the past few decades, the epidemiological situ-
ation of childhood overweight and obesity has changed 
across the countries. In the developed countries over-
weight and obesity rates were the highest, and obesity 
was being identified as an epidemic [17–19], however, 
obesity has reached a plateau in some countries, and 
the rates of children with elevated BMI has stopped ris-
ing [20–23]. Based on COSI data, the prevalence of 

overweight and obesity among boys and girls decreased 
in Southern Europe countries, and it remained stable 
or slightly increased in Northern European and Eastern 
European countries. Among boys, the highest decrease 
in overweight (including obesity) was observed in Por-
tugal (from 40.5% to 2007/2008 to 28.4% in 2015/2017) 
and in Greece for obesity (from 30.5% to 2009/2010 to 
21.7% in 2015/2017) [24]. Notwithstanding these ten-
dencies should be treated with great caution as they may 
be short-term [25]. World Obesity Federation (WOF) 
analysis shows that in 196 countries, 8 out of 10 have less 
than a 10% chance of keeping levels of childhood obesity 
no higher in 2025 than they were in 2010–2012 [26]. It 
is predicted that in 2030 there will be 254  million chil-
dren with obesity age 5–19 years [26]. For Lithuania, the 
chances of meeting the WHO 2025 target (keeping lev-
els of childhood obesity no higher than in 2020 − 2012) 
is only 9% [26]. To ensure the decreasing trends of over-
weight and obesity, it is important to introduce and 
implement effective policies and interventions and to 
continue monitoring the situation systematically.

WHO pays special attention to children’s nutrition 
and weight problems. Therefore, it has developed a com-
prehensive integrated package of recommendations to 
address childhood obesity [15], policy actions to increase 
physical activity globally [27], provided evidence-based 
public health recommendations for children, adolescents, 
adults and older adults on the amount of physical activity 
and sedentary behaviour [28] and took other significant 
initiatives in order to protect public health. These policies 
are usually targeting the main causes of overweight and 
obesity – to reduce the consumption of poor quality and 
high in calories food, to increase consumption of vegeta-
bles and fruits, and reduce sedentary lifestyle by increas-
ing physical activity.

Children’s growth is assessed using anthropometric 
measurements (height and weight). These measure-
ments are evaluated using standards. The most popular 
are WHO child growth standards (2007) [29, 30] and 
International anti-obesity working groups (International 
Obesity Task Force, IOTF) (2000, 2007) [31, 32]. For 
data analysis of this survey, we used both definitions. In 
Lithuania, the percentile method is used to assess the 
growth of children in the health care practice. Children’s 
growth is assessed using the one-dimensional and two-
dimensional growth curves (according to age and gender) 
prepared by Tutkuviene in 1995. One-dimensional per-
centile diagrams can be used to assess children’s height, 

Conclusion The prevalence of overweight and obesity of first-grade children in Lithuania indicates positive changes, 
that is the proportion of children with elevated body weight decreased, during eleven-year period. However, it is 
important to continue the monitoring of children’s growth tendencies.
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weight, head circumference according to age, two-dimen-
sional percentile diagrams assess the variation of weight 
depending on height [33].

As mentioned above, monitoring children’s growth 
is an important area of public health in every country, 
Lithuania is no exception. Participation in the COSI ini-
tiative makes it possible to assess changes in the anthro-
pometric indicators of Lithuanian first-graders from 2008 
to 2019. In addition, the application of two international 
standards allows them to be compared with each other. 
Therefore, the aim of this study is to analyse the changes 
of anthropometric indicators of first-graders of Lithuania 
in 2008–2019 year by using two different international 
definitions.

Methods
Study design and subjects
This cross-sectional study was conducted following the 
international COSI protocol and data collection proce-
dures approved by WHO. Detailed methodology pub-
lished elsewhere [1].

According to the COSI study protocol, at least 2800 
children of the target age group should be measured 
in each country. To achieve this number in each sur-
vey round the sample was 5800 first grade children. A 
semi-longitudinal design, meaning that a new cross-
sectional sample of children was selected in all study 
rounds. Nationally representative samples of children 
were drawn. Three-stage cluster sampling was applied 
using the county as the primary sampling unit, school 
as the secondary and class as the tertiary sampling unit. 
Two age groups (7.0-7.9 and 8.0-8.9 years) were taken 
to be representative of the total population in these age 
groups. In each survey round, the sample of schoolchil-
dren representing Lithuania was made in proportion to 
the number of children of selected age in each county 
at the beginning of the year (based on the data of Lithu-
ania Statistics). Stratification was applied by county and 
level of urbanisation as differences across strata were 
expected. Schools from all ten counties of Lithuania were 
randomly selected (from the list of schools received from 
the Ministry of Education, Science and Sport). All first-
grade classes of selected schools were included in the 
study and all schoolchildren in the classes were invited to 
participate. In this research data of younger than 7 and 

older than 9-year old children were not included in the 
data analysis. Data were collected for up to 10 weeks in 
each survey year. All five rounds of the survey were con-
ducted between April and May. Description of the par-
ticipation rates are provided in Table 1.

Anthropometric measurements
The anthropometric data were collected using a COSI 
Child’s Record Form (filled out by the examiner): name, 
surname, gender, date of birth, date of measurement, 
the reason given by a child who did not give permission 
to be measured, and records of measured weight and 
height. Children were asked to take off their shoes, heavy 
clothes, and items such as wallet, keys, mobile phone, 
hair ornaments or braids, etc. The clothes worn by a child 
while being measured were noted in Child Record Form 
[1, 34]. During data analyses, body weight was adjusted 
for the weight of the clothes worn by the children when 
they were measured. The same anthropometric equip-
ment was used in the measurements at all schools during 
each study year. Measurements were carried out by the 
SECA’s Portable Medical Scales and Height Boards. Body 
weight was measured in kilograms and recorded to the 
nearest 100 g (0.1 kg) unit. Height was measured in centi-
metres and the reading taken to the last completed 1 mm 
(0.1  cm) [34]. BMI was calculated using the formula: 
weight (kg) divided by height squared (m2). Calculated 
BMI values were evaluated according to the International 
Obesity Task Force (IOTF) cut-offs [31, 32, 35] and WHO 
child growth standards [29, 30]. The WHO Anthro Soft-
ware (anthropometric calculator module) was used to 
calculate z-scores for the assessment of individual child’s 
growth [36].

Statistical analysis
Statistical analysis was performed in SPSS Statistics ver-
sion 27 (IBM, Armonk, NY, USA). Difference between 
compared groups and relation between variables consid-
ered to be statistically significant if p < 0.05. Prevalence 
estimates of underweight (thinness), normal weight, 
overweight and obesity groups are presented as totals 
and percentages by age group and gender in each COSI 
round year. Means and standard deviations (SD) were 
calculated for all measurements (weight and height) and 
anthropometric indices (BMI, W/A, H/A and BMI/A 

Table 1 Number of participants (N) and response rates (%) for each COSI round year
Year Round Total measured anthropometrically Response rate (%) Included in data analysis

Boys N (%) – Girls N (%) – Total N
2008 1 4939 81.7 2527 (51.9) – 2341 (48.1) – 4868
2010 2 4986 80.8 2461 (50.1) – 2455 (49.9) – 4916
2013 3 3936 67.9 1951 (49.9) – 1956 (50.1) – 3907
2016 4 3920 70.8 1945 (50.6) – 1899 (49.4) – 3844
2019 5 3261 57.0 1649 (51.0) – 1582 (49.0) – 3231
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Z-scores) by age group and gender in each COSI round 
year. Each COSI round year dataset, having these six 
continuous variables, were tested for normality by age 
group and gender using Kolmogorov-Smirnov test. 
Weight and BMI for both age groups and gender were 
not normally distributed in all COSI round years. These 
variables were transformed to attain normality and their 
transformed values were used for comparisons between 
COSI round years. The inverse transformation for weight 
and 1/square transformation for BMI were performed. 
A one-way ANOVA with Tukey HSD Post-hoc test was 
performed to assess significant differences across COSI 
round years by gender for both age groups. Overweight 
and obesity trend by COSI round year was performed 
using a Kendall’s Tau relation analysis test.

Results
The mean values for weight and W/A Z-score are pre-
sented in Table  2. Statistically significant differences 
between weight and COSI round year were found for 
7-year-old boys and girls and for 8-year-old girls. Also, 
statistically significant differences were found among 
W/A Z-score and COSI round years in all the analysed 
groups. One-way ANOVA analysis showed that the mean 
of weight and W/A Z-score for 7-year-old boys and girls 
were significantly higher for year 2016 or 2019 com-
pared to earlier years (2008–2013). The same tendency 
can be spotted for weight of 8-year-old girls and for W/A 
Z-score of 8-year-old boys and girls.

The mean values for height and H/A Z-score are pre-
sented in Table  3. Statistically significant differences 

Table 2 Means of weight and weight-for-age Z-score of boys and girls aged 7–8 years, by COSI round year
Age group and COSI round year Mean Weight (SD), (kg) Mean W/A Z-score (SD)

Boys Girls Boys Girls
7-year-old * * * *
2008 27.7 (5.4)a 27.0 (5.4)a 0.68 (1.18)a 0.56 (1.06)a

2010 27.7 (5.4)b 27.0 (5.4)b 0.68 (1.19)b 0.54 (1.09)b

2013 27.8 (5.6)c 27.0 (5.4)c 0.69 (1.24)c 0.53 (1.09)c

2016 28.5 (5.7)a,b,c 27.3 (5.5)a,b,c 0.83 (1.23)a,b,c 0.59 (1.08)
2019 28.1 (5.6) 27.9 (5.7) 0.75 (1.22) 0.70 (1.1)a,b,c

8-year-old * * *
2008 29.2 (5.9) 28.0 (5.2)a,b 0.62 (1.21)a 0.41 (1.03)a,b

2010 29.0 (5.7) 28.1 (5.6)c,d 0.58 (1.19)b 0.40 (1.07)c,d

2013 29.5 (6.3) 28.3 (5.7)e 0.70 (1.27) 0.46 (1.09)
2016 30.1 (6.3) 29.1 (6.4)a,c 0.80 (1.23)a,b 0.58 (1.14)a,c

2019 29.6 (6.0) 29.3 (6.3)b,d,e 0.72 (1.18) 0.61 (1.13)b,d

Body weight was adjusted for clothes worn when measured and children with a W/A Z-score < − 6 or > + 5 were excluded

*Statistically significant differences of mean values between COSI round years for the indicated gender and age group (one-way ANOVA; p-value < 0.005)
a,b,c,d,e Within each gender and age group, mean values that share the same superscript letter statistically significantly differ from each other (Tukey HSD post hoc 
test; p-value < 0.05)

Table 3 Means of height and height-for-age Z-score of boys and girls aged 7–8 years, by COSI round year
Age group and COSI round year Mean Height (SD), (cm) Mean H/A Z-score (SD)

Boys Girls Boys Girls
7-year-old * * * *
2008 129.2 (5.6)a,b 128.6 (5.5)a 0.68 (1.00)a,b 0.72 (0.95)a

2010 129.5 (5.7)c,d 128.5 (5.7)b,c 0.75 (1.00)c,d 0.72 (0.99)b

2013 129.4 (5.9)e,f 128.5 (5.9)d 0.73 (1.05)e,f 0.69 (1.03)c

2016 130.5 (5.8)a,c,e 128.9 (5.5)e 0.89 (1.03)a,c,e 0.76 (0.95)d

2019 130.7 (5.7)b,d,f 129.7 (5.6)a,b,c,d,e 0.92 (1.01)b,d,f 0.88 (0.96)a,b,c,d

8-year-old * * * *
2008 131.8 (5.7)a,b 130.9 (5.3)a,b 0.60 (1.00)a,b 0.57 (0.92)a,b

2010 131.7 (5.7)c,d 130.9 (5.5)c,d 0.60 (1.00)c,d 0.58 (0.95)c,d

2013 132.0 (6.0)e,f 130.9 (6.0)e,f 0.68 (1.05)e 0.58 (1.04)e,f

2016 133.0 (5.8)a,c,e 132.1 (5.9)a,c,e 0.84 (1.02)a,c 0.76 (1.01)a,c,e

2019 133.1 (6.0)b,d,f 132.3 (5.5)b,d,f 0.84 (1.06)b,d,e 0.78 (0.94)b,d,f

Children with a H/A Z-score < − 6 or > + 6 were excluded

*Statistically significant differences of mean values between COSI round years for the indicated gender and age group (one-way ANOVA; p-value < 0.001)
a,b,c,d,e,f Within each gender and age group, mean values that share the same superscript letter statistically significantly differ from each other (Tukey HSD post hoc 
test; p-value < 0.05)
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between height, H/A Z-score and COSI round year 
were found for 7-8-year-old boys and girls. The ten-
dency of significantly higher boys and girls, and higher 
H/A Z-score are observed for later COSI round years 
(2016–2019) compared to earlier COSI round years 
(2008–2013).

The mean values for BMI and BMI/A Z-score are 
presented in Table  4. Analysing mean BMI and BMI/A 
Z-score significant results were found only between the 
mean BMI in 7-year-old girls and COSI round years, 

indicating lower BMIs in earlier COSI round years (2010 
and 2013) compared to later COSI round year (2019). No 
significant differences were found among the mean rates 
for BMI and BMI/A Z-score in other study groups com-
pared to COSI round year.

The time trends of WHO and IOTF cut-offs (Fig.  1) 
indicate the prevalence of overweight and obesity among 
children aged 7-8-years. The significant decrease is indi-
cated among 7-year-old overweight group for boys and 
girls according to both cut-offs (p = 0.05). The significant 

Table 4 Means of BMI and BMI-for-age Z-score of boys and girls aged 7–8 years, by COSI round year
Age group and COSI round year Mean BMI (SD), (kg/m2) Mean BMI/A Z-score (SD)

Boys Girls Boys Girls
7-year-old *
2008 16.5 (2.2) 16.3 (2.4) 0.36 (1.20) 0.19 (1.12)
2010 16.4 (2.4) 16.2 (2.4)a 0.31 (1.28) 0.17 (1.14)
2013 16.5 (2.4) 16.2 (2.4)b 0.34 (1.31) 0.16 (1.14)
2016 16.6 (2.5) 16.3 (2.4) 0.40 (1.32) 0.21 (1.14)
2019 16.4 (2.4) 16.5 (2.6)a,b 0.26 (1.31) 0.26 (1.19)
8-year-old
2008 16.7 (2.5) 16.3 (2.3) 0.34 (1.28) 0.10 (1.10)
2010 16.6 (2.4) 16.3 (2.4) 0.29 (1.26) 0.08 (1.14)
2013 16.8 (2.7) 16.4 (2.5) 0.39 (1.36) 0.17 (1.13)
2016 16.9 (2.7) 16.6 (2.7) 0.44 (1.30) 0.20 (1.21)
2019 16.7 (2.5) 16.6 (2.8) 0.30 (1.28) 0.22 (1.22)
Body weight was adjusted for clothes worn when measured and children with a BMI/A Z-score < − 5 or > + 5 were excluded

*Statistically significant differences of mean values between COSI round years for the indicated gender and age group (one-way ANOVA; p-value < 0.02)
a,b Within each gender and age group, mean values that share the same superscript letter statistically significantly differ from each other (Tukey HSD post hoc test; 
p-value < 0.05)

Fig. 1 Overweight and obesity trends of 7-8-year-old children by WHO and IOTF cut-offs in five rounds of the survey
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decrease is also spotted among boys aged 8 years in over-
weight group according to WHO cut-offs (p = 0.05). The 
only significant increase in trend were indicated in the 
girl’s group with obesity aged 8 years according to IOTF 
cut-offs (p < 0.001), the WHO trend line in this group is 
close, but not significant (p = 0.077).

The following Tables  5 and 6 present the overall 
nutritional status divided into 4 groups of 7-8-year-old 
children by gender in five COSI rounds of the survey 
according to the WHO and IOTF cut-offs separately.

It is worth mentioning that the prevalence of children 
with obesity was higher when using WHO cut-offs and 
the prevalence of children with underweight was higher 
when using IOTF cut-offs for both age group children.

Discussion
The mean weight, height, W/A Z-score and H/A Z-score 
of 7-8-years-old boys and girls (except mean weight of 
8-year-old boys) were significantly higher in later COSI 

round years (2016 and/or 2019) compared to earlier 
years (2008–2013, in some cases 2016 is included in this 
range). These results indicate that children, who partici-
pated in the latest COSI round, were heavier and taller. 
This could be explained by acceleration indicated by 
economic growth and better living conditions. Growth 
changes were observed among 7-year-old boys and girls 
– proportion of children with overweight decreased sig-
nificantly in later COSI round years according to WHO 
and IOTF cut-offs. However, according to IOTF cut-offs, 
the proportion of 8-years-old girls with obesity increased 
significantly and the number of normal weight children 
decreased.

According to WHO standards, overweight including 
obesity rates among 7-year-old boys changed only form 
24.82% in 2008 to 24.85% in 2019, and among girls these 
mentioned indicators increased from 21.05 to 25.66%. 
Among 8-year-old boys the prevalence of overweight 
including obesity decreased from 26.06 to 25.53% and 

Table 5 Nutritional status of 7-8-year-old children by gender and COSI round year according to WHO cut-offs
Age group
and study
year

Underweight Normal weight Overweight Obesity Total
Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls
Frequency (percentage)

7-year-old
2008 21 (1.3) 34 (2.1) 1224 (73.9) 1268 (76.9) 256 (15.5) 229 (13.9) 155 (9.4) 118 (7.2) 1656 (50.1) 1649 (49.9)
2010 38 (2.3) 38 (2.1) 1204 (73.3) 1380 (77.0) 244 (14.9) 250 (13.9) 156 (9.5) 125 (7.0) 1642 (47.8) 1793 (52.2)
2013 38 (2.9) 27 (2.0) 936 (70.7) 1033 (76.4) 205 (15.5) 200 (14.8) 146 (11.0) 92 (6.8) 1325 (49.5) 1352 (50.5)
2016 22 (1.7) 27 (2.1) 888 (69.9) 978 (75.2) 208 (16.4) 196 (15.1) 153 (12.0) 100 (7.7) 1271 (49.4) 1301 (50.6)
2019 25 (2.4) 19 (1.8) 761 (72.8) 772 (72.6) 161 (15.4) 175 (16.5) 99 (9.5) 98 (9.2) 1046 (49.6) 1064 (50.4)
8-year-old
2008 22 (2.5) 21 (3.0) 622 (71.4) 538 (77.8) 143 (16.4) 90 (13.0) 84 (9.7) 43 (6.2) 871 (55.7) 692 (44.3)
2010 17 (2.1) 17 (2.6) 590 (72.0) 514 (77.6) 137 (16.7) 82 (12.4) 75 (9.2) 49 (7.4) 819 (55.3) 662 (44.7)
2013 18 (2.9) 7 (1.2) 430 (68.7) 471 (78.0) 101 (16.1) 79 (13.1) 77 (12.3) 47 (7.8) 626 (50.9) 604 (49.1)
2016 11 (1.6) 14 (2.3) 467 (69.3) 444 (74.3) 111 (16.5) 87 (14.6) 85 (12.6) 53 (8.9) 674 (53.0) 598 (47.0)
2019 12 (2.0) 16 (3.1) 437 (72.5) 373 (72.0) 92 (15.3) 76 (14.7) 62 (10.3) 53 (10.2) 603 (53.8) 518 (46.2)
Children with a BMI/A z-score <-5 or > + 5 were excluded

Table 6 Nutritional status of 7-8-year-old children by gender and COSI round year according to IOTF cut-offs
Age group
and study
year

Underweight Normal weight Overweight Obesity Total
Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls
Frequency (percentage)

7-year-old
2008 97 (5.9) 147 (8.9) 1253 (75.7) 1172 (71.1) 201 (12.1) 218 (13.2) 105 (6.4) 112 (6.8) 1656 (50.1) 1649 (49.9)
2010 126 (7.7) 181 (10.1) 1207 (73.5) 1250 (69.7) 202 (12.3) 237 (13.2) 107 (6.5) 125 (7.0) 1642 (47.8) 1793 (52.2)
2013 117 (8.8) 154 (11.4) 973 (73.4) 956 (70.7) 161 (12.2) 173 (12.8) 74 (5.6) 69 (5.1) 1325 (49.5) 1352 (50.5)
2016 106 (8.3) 126 (9.7) 894 (70.3) 891 (68.5) 169 (13.3) 185 (14.2) 102 (8.0) 99 (7.6) 1271 (49.4) 1301 (50.6)
2019 98 (9.4) 106 (10.0) 749 (71.6) 699 (65.7) 139 (13.3) 162 (15.2) 60 (5.7) 97 (9.1) 1046 (49.6) 1064 (50.4)
8-year-old
2008 68 (7.8) 82 (11.9) 649 (74.5) 500 (72.3) 107 (12.3) 82 (11.9) 47 (5.4) 28 (4.0) 871 (55.7) 692 (44.3)
2010 77 (9.4) 85 (12.8) 612 (74.7) 463 (69.9) 88 (10.8) 84 (12.7) 42 (5.1) 30 (4.5) 819 (55.3) 662 (44.7)
2013 60 (9.6) 60 (9.9) 443 (70.8) 443 (73.4) 83 (13.3) 67 (11.1) 40 (6.4) 34 (5.6) 626 (50.9) 604 (49.1)
2016 46 (6.8) 76 (12.7) 492 (73.0) 403 (67.4) 91 (13.5) 84 (14.0) 45 (6.7) 35 (5.9) 674 (53.0) 598 (47.0)
2019 44 (7.3) 68 (13.1) 453 (75.1) 340 (65.6) 75 (12.4) 70 (13.5) 31 (5.2) 40 (7.7) 603 (53.8) 518 (46.2)
Children with a BMI/A z-score <-5 or > + 5 were excluded
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from 19.21 to 24.9% among girls. According to IOTF 
cut-off points, overweight including obesity rates among 
7-year-old boys increased form 18.49% in 2008 to 19.03% 
in 2019, among girls the increase was from 20.03 to 
24.35%. Among 8-year-old boys the prevalence of over-
weight including obesity changed from 17.69 to 17.59% 
and from 15.9 to 21.25% among girls.

The differences between WHO growth curves and 
IOTF cut-offs were not pronounced, the observed over-
weight and obesity trends were similar. More children 
were identified with overweight or obesity according to 
WHO standards, however differences between standards 
were observed in previous studies [37, 38]. National stan-
dards would help to assess more accurately the problem 
on a national level, while international standards would 
help to compare the country’s situation with other coun-
tries. Some countries have their own standards and can 
make such comparisons [39–41]. One of the most known 
are the United States (US) Centers for Disease Control 
and Prevention (CDC) clinical growth charts [42]. In 
Lithuania, children’s growth is monitored on the basis 
of children’s growth curves, which were compiled in 
1995 [33]. However, during monitoring, we see natural 
changes in children’s growth, acceleration, that is why 
there is a need to update these standards. There are no 
national standards for BMI assessment based on national 
samples. However, scientist argue, that the use of differ-
ent standards complicate the comparison of studies [43].

Historically, some of the first anthropometric indica-
tors registered in Lithuania were in 1925–1927, 1965–
1967 and 1985 and are presented in the book published 
in 1991 by Balčiūnienė and colleagues [44]. Compar-
ing the indicators presented by the mentioned authors 
with the results of our monitoring study, we see a clear 
trend of increasing the average height and weight of 
children. In almost 90 years, in Lithuania the average 
height of 7-year-old boys has increased by 14.1 cm, and 
by 13.6  cm of girls. The average height of 8-year-old 
children changed slightly less, boys grew by 11.2  cm, 
girls by 10.4 cm. During the mentioned period, the aver-
age weight of 7-8-year-old boys increased by 6.2 kg and 
5.3 kg, respectively, and by 6.5 kg and 5.4 kg for 7-8-year-
old girls, respectively [76]. The average BMI of both 
of 7-8-year-old boys and girls increased by 0.5  kg/m2 
− 0.3  kg/m2 and 0.9  kg/m2 respectively. However, these 
comparisons should be taken in consideration with cau-
tion, as the methodologies and especially the sample sizes 
of the studies conducted between 1925 and 1985 are very 
different from applied by our recent study.

Lithuanian children were among the highest based 
on the height for age z-score data from previous COSI 
rounds as Northern Europe children [45]. Acceleration 
in Lithuania and differences from other countries could 
be related to genetic factors and improved life conditions 

and environment [46, 47]. The Netherlands is considered 
a country with some of the tallest people, but researchers 
note that after 150 years of growth, they have stabilized, 
because the Dutch children may have reached the optimal 
height distribution [48]. However, another explanation is 
possible. Scientists hypothesize that poor living condi-
tions, insufficient food and low availability of healthcare 
could be related to lower height. The unhealthy food 
and low nutrient value food is highly prevalent among 
populations in more developed countries, so it could be 
related to reduced quality of living conditions and as a 
result – lower achieved height [48]. Some studies showed 
that children with obesity were significantly taller dur-
ing pre-pubertal years when compared to their normal-
weight peers, but they tended to lose their pre-pubertal 
growth advantage over time. However, being a child with 
obesity did not lead to any advantage on adult height [19, 
49, 50]. Therefore, the BMI should be taken into consid-
eration. Larger gain in height than in BMI means healthy 
changes, for instance this was observed among girls in 
South Korea, Vietnam, and some central Asian countries, 
and among boys in central and western Europe, gaining 
too little height and too much weight for their height 
occurred in many countries in sub Saharan Africa, New 
Zealand, and the USA for boys and girls [51].

Despite the decreasing trends at national level between 
2008 and 2019, the increase of the prevalence of over-
weight including obesity between 2008 and 2016 in 
Lithuania was the highest among COSI countries. The 
increasing trends were also observed among boys in Lat-
via, Norway, Bulgaria and Czech republic and among 
girls in Latvia and Bulgaria [24].

In previous COSI rounds decreasing trends were 
observed in other European countries - Greece, Italy, 
Portugal, Spain and Slovenia [16, 24, 52]. In 2018–2020, 
during the 5th round of COSI, 29% of children aged 7–9 
years were living with overweight (including obesity) 
according to WHO definitions (31% among boys and 
28% among girls). The highest prevalence of overweight 
among children was observed in Cyprus, Greece, Spain 
and Italy, the lowest in Tajikistan, Denmark, Israel and 
Kazakhstan [16]. It was observed that in COSI countries 
the prevalence of overweight was higher among boys. 
However, significant decrease in prevalence of over-
weight among boys and girls in Malta, among boys in San 
Marino, and among girls in Italy was observed [16, 52].

Decreasing trends in the prevalence of obesity between 
the 1st round of COSI (2007–2008) and the 4th round 
(2015–2017) were observed in Italy, Slovenia, Portugal, 
Greece and Spain for both boys and girls, and in Ireland, 
Norway and Bulgaria for girls only [24]. Comparison of 
the 5th round obesity prevalence with data from the 4th 
round found that the only significant changes were an 
increase in the prevalence among boys in Georgia and a 
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decrease among boys in San Marino and girls in Malta. 
An increase among boys and girls was observed in Swe-
den [16, 52]. In 2018–2020, the prevalence of obesity 
among children aged 7–9 years in the 33 COSI countries 
was 12% (14% among boys and 10% among girls). Obesity 
rates were the highest in Cyprus, Italy, Greece and Spain, 
and the lowest in Tajikistan, Denmark, Kazakhstan and 
Israel [16].

Decreasing overweight and obesity trends, especially 
in countries with the highest rates, could be related 
to changes in health-related policies in countries. For 
instance, a good example could be Portugal where the 
downward trend in the prevalence of childhood over-
weight could be related to high-level political engagement 
at national, regional and local levels [3]. In Portugal in 
2007, the Ministry of Health initiated a Platform against 
Obesity [3], in 2012 – a National Programme for Promo-
tion of Healthy Eating [3, 53] and in 2017 – an Integrated 
Strategy for the Promotion of Healthy Eating [3, 54]. In 
Italy, National Prevention Plan 2020–2025 included spe-
cific programs for health promotion in schools, active 
communities, and protection of the well-being of women 
and children in the 1000-day period from conception to a 
child’s second birthday [3, 55]. In Malta, National Obesity 
Strategy was initiated in 2012 as a result of high preva-
lence of overweight and obesity among children [3, 56]. 
In Latvia, Georgia, Turkey and Bulgaria healthier school 
environments were created by improving nutritional 
standards for school food and restricting availability of 
sweet, salty and high in calories food and beverages [3].

In Lithuania positive changes in organization of nutri-
tion in children’s educational institutions (preschools, 
schools, camps, children’s social care homes) were also 
implemented. Meals of children are organized in accor-
dance with the description of the procedure, approved 
by the Minister of Health of the Republic of Lithuania 
in 2011 November 11 by order no. V-964 “On approval 
of the description of the procedure for organizing chil-
dren’s meals”. The aim of this document is to ensure 
healthy children’s nutrition, food safety and the best qual-
ity, in order to meet the physiological needs of children’s 
nutrients and to develop healthy eating skills. Document 
describes products that are recommended and prohib-
ited to use during food production process. It is rec-
ommended to use ecological, local food products, etc. 
Preference is given to food preparation methods that 
conserve nutritional properties (such as stewing). Veg-
etables and fruits (recommended seasonal, fresh) must be 
served during main and additional meals every day. The 
hot main meal should be high in proteins (meat, poultry, 
fish, eggs, legumes, milk, and dairy products). Salt used 
for cooking should contain iodine. Hygienic conditions 
for free drinking water must be created [57]. Children’s 
educational institutions are encouraged to participate 

in the program of promoting the consumption of fruits, 
vegetables, milk, and dairy products. The program is 
funded by European Union (EU) and state budget of the 
Republic of Lithuania [58]. Regardless of the family’s 
income, free school lunches are provided to all preschool, 
first and second grade children. Older children have the 
right to free meals if the average monthly income per one 
person in family is less than 1.5 amounts of the state-sup-
ported income [59]. In addition, the Ministry of Health 
of the Republic of Lithuania has prepared Healthy and 
Sustainable Nutrition Recommendations for different age 
groups [60].

Decreasing trends, especially in countries with the 
highest rates of overweight and obesity, could be related 
to habit changes of consumption of products high in cal-
ories and sugar, increased consumption of vegetables and 
fruits, greater physical activity, less sedentary behaviour, 
healthier environment [61, 62], and parenting practices 
[61–63]. By controlling and changing these factors, the 
anthropometric indicators of the country’s children can 
be affected. Reasons of lifestyle and cultural changes of 
nutrition in countries can be difficult to determine. Some 
of them may occur due to changes in health policy or 
programs that affect the living environment – for exam-
ple, school-based interventions for preventing childhood 
obesity [64] and school food environment policies [65]. 
Other interventions and policies like sugar taxes [66], 
strict regulation on food marketing for children [67], 
calorie labelling on menus and food assistance programs 
[68, 69] could be effective measures to control rising 
rates of children overweight and obesity. It is clear that 
elevated body weight of children is a complex issue that 
requires multifactorial and sustainable solutions.

It is worth to mention the weaknesses of this study. 
Firstly, a tendency of decrease in participation rates in 
epidemiological studies was observed, with no excep-
tion to our study, where the response rates also decreased 
(Table 1). According to subjective examiners observation, 
it was noted that some children with overweight and 
obesity had no parental consent for the child to be mea-
sured and refused to participate in the study. This pose 
a risk that the prevalence of overweight and obesity in 
Lithuanian children is a bit underestimated. Also, during 
the period of the survey the requirements of Lithuanian 
Bioethics committee has changed and in recent years 
the written informed consent of two parents had to be 
obtained. Secondly, the sample size of 7- and 8-year-old 
children were not equal. Thirdly, during this study only 
7-8-years-old children were measured, other age groups 
were not represented.

However, Lithuania’s consistent participation in the 
COSI initiative and conducting research in accordance 
with a strict international protocol allows reliable, regu-
lar, and valid data collection, systematic and objective 



Page 9 of 11Vita et al. BMC Public Health         (2023) 23:2097 

monitoring of changes in children’s growth. These COSI 
results are important not only from an epidemiologi-
cal point of view but can also be used in the implemen-
tation of the country’s public health policy, indicating 
time when appropriate actions should be taken in order 
to control the overweight and obesity issue in children 
population.

Conclusion
Although the proportion of the first-grade children with 
elevated body weight decreased in Lithuania, it is impor-
tant to continue monitoring growth tendencies, present 
the results, adopt appropriate policies, and improve the 
children’s environment by ensuring healthy growth of 
children.
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