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Abstract: Introduction: During the last three decades, there has been an excess weight epidemic
due to changes in nutrition and lifestyle. Few data on the prevalence of overweight and obesity
in children in Romania were published, without a single study representative at the national level.
There are reports on the higher level of overweight and obesity in urban areas compared to rural ones.
This study aimed to estimate the prevalence of underweight, overweight, obesity and severe obesity
in children enrolled in schools from the urban area. Material and methods: For this cross-sectional
study, children from 177 schools from the urban area of five counties from the northwestern part of
Romania were included after the parents signed written informed consent. Anthropometric data
were recorded (weight, height) based on World Health Organization (WHO) recommendations
and Body-Mass-Index (BMI), and the z-score for BMI were calculated. The nutritional status was
estimated using three reference criteria: WHO, International Obesity Task Force (IOTC) and the
Center for Disease Control and Prevention (CDC). Results: We analyzed data of 21,650 children
(48.19% boys) age between 7 and 18 years. The prevalence of overweight was 13.8%, 16.2% and 20.3%,
of obesity was 10.7%, 10.0% and 5.7% and of severe obesity was 5.1%, 1.2% and 1.6% (using WHO,
CDC and IOTF cut-offs). Underweight was present in 5.2% (WHO), 6% (CDC) and 2.6% (IOTF).
The highest prevalence of overweight (including obesity) was found in children aged 10 years, and
the lowest in adolescents at 18 years. Boys have a higher prevalence of excess weight than girls.
Using IOTF cut-offs, the prevalence of obesity and severe obesity was lower than using WHO criteria.
Conclusions: The prevalence of overweight (including obesity) in children from the urban area of
Western Romania was recorded at alarming levels, higher in boys and at the pre-puberty ages. There
are significant differences based on the reference system used. It is important to correctly choose the
reference for the definition of overweight and obesity to have the correct estimation of the target for
public health measures.
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1. Introduction

Childhood obesity is a significant public health problem all over the World [1,2].
Globally, the prevalence of obesity and overweight was tripled in children and adolescents
from 1975 (4% till 2016 (over 18%). In 2016, more than 330 million children and adolescents
were overweight or obese [3]. There are estimations that in 2030, almost 30% of all children
will be overweight and obese [4]. The increase was higher until 2000 (as in adults), followed
by a plateau, mainly in developed countries. In low-income and middle-income countries,
there is a transition from underweight to overweight and obesity [3,5,6]. Across the World,
there is an increased heterogeneity in the prevalence of obesity with implications for global
actions and targets [3]. World Health Organization (WHO) estimates that most children
with overweight live in undeveloped countries where the rate of increase in the prevalence
of obesity is higher than in developed countries [1,5,7].

Compared with overweight and obesity, underweight received less attention in Euro-
pean studies, with few comprehensive studies [8]. In 2016 the prevalence of underweight
was estimated at 10.4% in Europe [6]. There is wide variability of underweight prevalence
in European countries, with estimations decreasing from 18.1% in Hungarian children
aged 2-9 years and 16% in girls aged 11 years in Wales to 1% in adolescents from Slovenia,
Finland or Norway [8,9].

Obesity has a multifactorial origin, involving genetic and environmental factors [10].
Overweight and obesity are associated with lifestyle factors such as less frequent physical
activity and increased sedentary activity (computer games, internet use, television), less
consumption of breakfast, vegetables and regular sugar-sweetened beverages or fast-food
consumption [11,12]. The diet change, consuming food high in carbohydrate and fat
content, and low in vitamins and minerals, could be involved in the higher prevalence
of obesity [1,5].

Urbanization could be associated with increased sedentary behavior and lack of
physical activity due to better access to cars and transportation. Urban families spend more
time watching the television, using the internet and computer games and sleep less than
rural families. Children’s diet from urban areas consists of fewer fruits and vegetables and
a high amount of animal-based and high-energy food [11].

There is an agreement on the role of standards recommendation to define over-
weight and obesity in children and compare the prevalence in different populations [13].
Body mass index (BMI), a measure of weight for height, was used widely for analyz-
ing obesity in children and adults worldwide and is the most practical, inexpensive and
universally applicable [13].

Many reference systems define overweight and obesity in the children population.
The WHO, IOTF and CDC references are the most used in studies, but these are based on
different reference populations and cut-off values [14-17]. The cut-offs used in children
and adolescents should be gender- and age-specific due to the BMI variability during
childhood [18]. In WHO references, a BMI of 30 kg/m? at the age of 18-19 years correspond
to a 2SD from the median of the reference population (97.5™ percentile), while in IOTF
reference a BMI of 30 kg/m? at age 18 years corresponds to the 98.7 percentile in girls
and 98.9" percentile in boys. There is no consensus on which reference set is the best
one: IOTF and CDC references classified fewer children as overweight and obese than the
WHO reference [18,19].

Overweight and obesity, but also underweight, are associated with health risks during
the lifetime. Overweight in childhood is not only a precursor of obesity in adulthood
but is also correlated with increased risk of chronic diseases, type 2 diabetes mellitus,
cardiovascular diseases, musculoskeletal disorders, fatty liver (hepatic steatosis), cancers
and psychosocial consequences (depression, low self-esteem, reduction of quality of life
and a higher risk of bullying) [10,20]. The link between BMI and body fat and long-
term cardiovascular risks of obesity in children was demonstrated. The cut-offs used to
characterize overweight and obesity are good indicators of risks for adverse outcome [18].
Underweight is associated with the risk of infectious diseases, nutritional deficiencies,
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decreased cognitive development, and in girls at childbearing age, the risk for maternal
mortality, preterm birth, intrauterine growth retardation or delivery complications [6,8].

Public health policies should emphasize the prevention of overweight and obesity
starting at an early age and should be based on early diagnostic tools [2]. Health education
for school-aged children is the most effective way to learn healthy lifestyle behavior
and decrease the risk of obesity and overweight in adulthood [21]. There is a closed
relationship between school education and obesity as education raises awareness of health
and nutrition and helps children have healthier choices and lifestyles. However, the school-
based campaign could not help decrease the prevalence of obesity without support from
schools, families, communities and public health policymakers, who should cooperate for
a better healthy environment for children [22].

Several studies evaluating overweight and obesity in children were published in the
last decade for Romania, but there was no one national representative study [23-29]. The
Health Behaviour for School-aged Children (HBSC) Study reported that for Romania in
2013-2014, the prevalence of overweight (including obesity) at the age of 11 years was 14%
in girls and 33% in boys, and at the age of 13 years was 11% in girls and 26% in boys and at
the age of 15 years was 10% in girls and 21% in boys [30].

This study aimed to estimate underweight, overweight and obesity prevalence in
school-aged children in urban areas from the Western part of Romania using the WHO,
CDC and IOTF references.

2. Materials and Methods
2.1. Population

This cross-sectional study included a cohort of students enrolled in 177 public schools
from five counties from the Western part of Transylvania, Romania (Cluj, Satu-Mare, Bihor,
Arad, Timis). The study was a part of the project “Development of skills of specialized
medical staff on the prevention, diagnosis, and surgical treatment of congenital and ac-
quired heart disease in children using state-of-the-art technology. CARDIOPED”. The
schools chosen to be part of the study were those from the urban area of these counties,
based on the data received from County School Inspectorates. We enrolled in this study
21,625 children, aged 7 to 18 years.

The school physician sent the parents a letter with information and an invitation for
their children to participate in the study. They were informed about the project and the data
collected. All students aged 7 to 18 years, present at school on the days of data collection
with the written consent of parents, were included in this study. Children without informed
consent signed by their parents were omitted. Children with ages under 7 years and those
with the age of 19 years and over were excluded from the analysis.

2.2. Data Collection

The study period was January and December 2016. The school physician, nurses and
other staff performed the weight and height measurements during morning hours. All
the personnel involved in weight and height measurements were trained to collect data
correctly, based on WHO recommendations. The mean of three consecutive measurements
was recorded. The body weight was measured using a standard scale to the nearest 0.1 kg.
The height was measured to the closest 0.1 cm using a stadiometer. The body weight and
height were measured with students standing erect, without shoes, only in underwear.

BMI was calculated based on the formula: BMI(kg/m?) = body weight(kg)/height?*(m?).

To define underweight, overweight and obesity in children, we have used three
criteria. The WHO Reference 2007, based on the 1977 National Center for Health Statistics
(NCHS)/WHO reference, use the following cut-offs: underweight (thinness) <—2SD,
overweight >+1SD (equivalent to BMI 25 kg/m? at 19 years), obesity >+2SD (equivalent to
BMI 30 kg/m? at 19 years) [14,31].
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Based on the National Center for Health Statistics and the CDC, BMI reference stan-
dards for children between 2 and 20 years of age, published in 2000, the cut-offs are
the following: underweight <5 percentile, overweight 85-95% percentile, obesity >95%
percentile. Severe obesity was defined as BMI > 120% of the 95% percentile [17].

The IOTF 2012 reference was based on national surveys from 6 countries (Brazil, Great
Britain, Hong Kong, the Netherlands, Singapore, and the United States). IOTF BMI cut-off
corresponds to a BMI of 18.5 kg/m? (less than 15.5™ and 16.5" percentile in boys and
girls), 25 kg/m? (greater than 90.5" and 89.3"d percentile in boys and girls) and 30 kg/m?
(greater than 98.9™ and 98.6™ percentile in boys and girls) at the age of 18 years defining
underweight, overweight and obesity, respectively [15,16].

The study has been conducted according to the Declaration of Helsinki principles.

2.3. Data Analysis

For each child, the WHO and CDC corresponding BMI z-score were calculated using
the LMS method: z = ((BMI/M)"L-1)/LS, where the L, M, and S parameters were taken from
the WHO (https:/ /www.who.int/growthref/who2007_bmi_for_age/en/ (accessed on 30
April 2021)) and CDC (https:/ /www.cdc.gov/growthcharts/percentile_data_files.htm
(accessed on 30 April 2021)) reference tables, considering the sex and age of each child.
The BMI z-score was then converted to percentile and compared to the WHO and CDC
percentile reference to categorize each child as underweight, normal, overweight or obese.

Concerning the children’s classification according to IOTE, the calculated BMI was
then compared with the IOTF BMI cut-off values according to the sex and age (https:
/ /www.worldobesity.org/about/about-obesity / obesity-classification).

The prevalence of each group was calculated. All analyses were performed using
EXCEL 2019 (Microsoft Office).

3. Results

Our cohort consists of 21,625 children between the ages of 7 and 18, from the urban
area of five counties from the Western part of Romania. There were 10,421 boys (48.19%)
and 11,204 girls (51.81%). In Table 1, we present the distribution of our study population
based on age and sex.

Table 1. Study population: distribution based on age and sex.

Age (Years) Boys n (%) Girls n (%) Total
7 585 (49.45%) 598 (50.55%) 1183
8 886 (52.00%) 818 (48.00%) 1704
9 845 (47.47%) 935 (52.53%) 1780
10 1015 (49.32%) 1043 (50.68%) 2058
11 1141 (49.63%) 1158 (50.37%) 2299
12 999 (48.97%) 1041 (51.03%) 2040
13 982 (47.88%) 1069 (52.12%) 2051
14 989 (47.70%) 1084 (52.30%) 2073
15 1017 (45.93%) 1197 (54.07%) 2214
16 921 (47.82%) 1005 (52.18%) 1926
17 709 (45.10%) 863 (54.90%) 1572
18 332 (45.79%) 393 (54.21%) 725
Total 10,421 (48.19%) 11,204 (51.81%) 21,625

Using the WHO reference, the prevalence of overweight, obesity and severe obesity in
our study population was 13.8%, 10.7% and 5.1%, respectively. The prevalence of under-
weight was 5.2%. In Tables 2—4, we present the prevalence of underweight, overweight,
obesity and severe obesity for the study population, for boys and girls based on age.


https://www.who.int/growthref/who2007_bmi_for_age/en/
https://www.cdc.gov/growthcharts/percentile_data_files.htm
https://www.worldobesity.org/about/about-obesity/obesity-classification
https://www.worldobesity.org/about/about-obesity/obesity-classification
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Table 2. Prevalence of underweight, overweight, obesity and severe obesity using WHO percentile.

. . . Severe
WHO Underweight Normal  Overweight Obesity Obesity Total
BMI Percentile <5 5-85 85-95 95-99 >99
Number 1117 14,105 2989 2309 1105 21,625
Prevalence 5.2% 65.2% 13.8% 10.7% 5.1% 100.0%

Table 3. Underweight, overweight and obesity prevalence in boys, according to age, using WHO
percentile reference.

‘::ec()lYf;)s’)s Underweight Normal Overweight Obesity gﬁ::irtey
7 4.4% 65.5% 12.3% 10.6% 7.2%
8 5.3% 59.8% 13.3% 13.1% 8.5%
9 5.0% 58.6% 13.1% 15.6% 7.7%
10 4.4% 51.7% 16.9% 18.3% 8.6%
11 4.6% 61.3% 16.9% 12.4% 4.8%
12 5.8% 58.5% 16.9% 14.0% 4.8%
13 4.9% 64.3% 17.2% 11.1% 2.5%
14 4.2% 67.6% 14.6% 9.7% 3.7%
15 5.5% 69.6% 13.6% 8.1% 3.2%
16 4.9% 68.9% 14.0% 9.6% 2.6%
17 3.8% 74.2% 11.4% 7.3% 3.2%
18 2.1% 79.2% 11.1% 5.7% 1.8%
Total 4.8% 63.8% 14.7% 11.7% 5.0%

Table 4. Underweight, overweight and obesity prevalence in girls, according to age, using WHO
percentile reference.

VX;?;@C::SI)S Underweight Normal Overweight Obesity gliz:ir’cey
7 5.2% 63.7% 12.7% 11.0% 7.4%

8 7.1% 59.4% 12.3% 10.9% 10.3%

9 6.1% 58.4% 14.8% 14.4% 6.3%
10 6.6% 55.6% 16.1% 14.6% 7.1%
11 7.3% 59.8% 15.3% 11.9% 5.7%
12 6.1% 61.6% 15.8% 10.7% 6.0%
13 4.9% 65.4% 13.8% 11.5% 4.5%
14 4.6% 69.7% 13.6% 8.1% 4.0%
15 5.2% 75.3% 10.7% 5.6% 3.3%
16 4.3% 75.4% 10.8% 5.2% 4.3%
17 3.8% 79.5% 8.5% 6.3% 2.0%
18 4.8% 84.0% 7.1% 2.5% 1.5%
Total 5.6% 66.5% 13.0% 9.7% 5.2%

Using the CDC reference, the prevalence of overweight, obesity and severe obesity in
our study population was 16.2%, 10.0% and 1.2%, respectively. The prevalence of under-
weight was 6.0%. In Tables 5-7, we present the prevalence of underweight, overweight,
obesity and severe obesity for the study population, for boys and girls based on age.

Table 5. Prevalence of underweight, overweight, obesity and severe obesity using CDC percentile.

Severe

CDC Underweight Normal  Overweight Obesity Obesity Total
BMI percentile <5 5-85 85-95 95-99 >99
Number 1295 14,393 3512 2156 269 21,625

Prevalence 6.0% 66.6% 16.2% 10.0% 1.2% 100.0%
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Table 6. Underweight, overweight and obesity prevalence in boys, according to the age, using CDC
percentile reference.

ggeC(’Y]z:Zss) Underweight Normal Overweight Obesity g;::irfy
7 10.6% 59.3% 14.9% 11.5% 3.8%
8 9.8% 57.0% 15.6% 14.2% 3.4%
9 7.3% 56.6% 17.6% 16.4% 2.0%
10 6.1% 51.4% 21.1% 19.4% 2.0%
11 5.0% 61.8% 19.3% 13.1% 0.9%
12 5.8% 58.4% 20.0% 14.7% 1.1%
13 4.1% 63.6% 20.0% 11.3% 1.0%
14 3.5% 65.2% 19.1% 10.0% 2.1%
15 5.2% 67.0% 16.7% 9.0% 2.1%
16 5.8% 67.4% 15.4% 10.3% 1.1%
17 6.8% 72.4% 12.4% 6.6% 1.8%
18 8.1% 77 4% 7.8% 5.7% 0.9%
Total 6.2% 62.2% 17.5% 12.4% 1.8%

Table 7. Underweight, overweight and obesity prevalence in girls, according to the age, using CDC
percentile reference.

ggDeC(’YSalis) Underweight Normal Overweight Obesity Osle)‘;s;’cey
7 7.2% 63.9% 16.1% 10.0% 2.8%
8 9.3% 60.6% 16.9% 11.2% 2.2%
9 7.6% 63.0% 19.0% 9.2% 1.2%
10 7.6% 60.9% 19.9% 10.6% 1.1%
11 7.3% 67.3% 16.6% 8.5% 0.3%
12 5.4% 68.6% 16.5% 8.7% 0.8%
13 3.4% 72.2% 15.8% 8.2% 0.4%
14 3.3% 73.2% 15.9% 7.1% 0.5%
15 3.8% 79.2% 11.5% 5.2% 0.3%
16 4.2% 78.2% 11.3% 6.0% 0.3%
17 5.2% 80.4% 10.7% 3.7% 0.0%
18 9.4% 81.7% 6.4% 2.5% 0.0%
Total 5.8% 70.6% 15.1% 7.7% 0.7%

Based on the IOTF cut-offs, the prevalence of overweight, obesity and severe obesity
in our study population was 20.3%, 5.7% and 1.6%, respectively. The prevalence of under-
weight was 2.6%. In Tables 8-10, we present the prevalence of underweight, overweight,
obesity and severe obesity for the study population, for boys and girls based on age.

Table 8. Prevalence of underweight, overweight, obesity and severe obesity using IOTF cut-offs.

. . . Severe
IOTF Underweight Normal  Overweight Obesity Obesity Total
BMI cut-off <17 17-25 25-30 30-35 >35
Number 562 15,100 4380 1242 341 21,625

Prevalence 2.6% 69.8% 20.3% 5.7% 1.6% 100.0%
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Table 9. Underweight, overweight and obesity prevalence in boys, according to the age, using
IOTF cut-offs.

L(;ZIE’YEZE;S) Underweight Normal Overweight Obesity g;::irfy
7 4.4% 69.9% 17.4% 5.1% 3.1%
8 4.1% 67.3% 19.3% 6.0% 3.4%
9 3.1% 64.6% 23.1% 6.9% 2.4%
10 1.7% 59.8% 25.9% 10.5% 21%
11 1.8% 67.5% 24.1% 5.8% 0.9%
12 1.6% 63.3% 26.0% 7.5% 1.6%
13 1.0% 67.2% 24.2% 6.5% 1.0%
14 0.9% 67.4% 23.0% 6.7% 2.0%
15 1.4% 69.9% 20.0% 6.8% 2.0%
16 21% 68.7% 21.5% 6.6% 1.1%
17 1.7% 73.9% 17.5% 5.6% 1.3%
18 1.5% 79.8% 13.9% 3.9% 0.9%
Total 2.0% 67.4% 22.1% 6.7% 1.8%

Table 10. Underweight, overweight and obesity prevalence in girls, according to the age, using
IOTF cut-offs.

}\?g:l:’Yfal;S Underweight Normal Overweight Obesity Osleo‘;::’cey
7 3.8% 67.4% 19.2% 5.9% 3.7%
8 4.8% 65.0% 19.2% 8.2% 2.8%
9 3.9% 65.9% 23.4% 5.2% 1.6%
10 3.9% 63.3% 25.0% 6.0% 1.7%
11 3.5% 69.2% 21.4% 5.6% 0.3%
12 2.8% 69.6% 20.9% 5.8% 0.9%
13 1.9% 73.2% 19.0% 4.7% 1.3%
14 2.3% 73.9% 18.7% 4.2% 0.9%
15 2.3% 79.7% 13.4% 3.1% 1.4%
16 2.8% 77.1% 15.0% 3.7% 1.4%
17 3.1% 80.5% 12.6% 2.9% 0.8%
18 3.8% 85.2% 8.4% 2.0% 0.5%
Total 3.1% 72.1% 18.6% 4.8% 1.4%

In our study, the prevalence of overweight (including obesity) in the school-aged
population from the urban area was comparable using the three reference systems, 29.6%
(WHO), 27.4% (CDC) and 27.6% (IOTF). The differences appear at the prevalence of
overweight (higher using IOTF cut-offs, 20.3%), obesity (highest using WHO reference,
15.8%), and severe obesity (also highest based on WHO reference, 5.1%) (Figure 1).

Prevalence of overweight (including obesity) was higher in boys (31.4%, 31.7%, 30.6%,
based on WHO, CDC and IOTF respectively) than in girls (27.9%, 23.5%, 24.8%; p < 0.0001).
Obesity (including severe obesity) had higher prevalence using WHO criteria (16.7% in
boys and 14.9% in girls, p = 0.0003) than using CDC (14.2% in boys and 8.4% in girls,
p < 0.0001), the lowest prevalence being when IOTF cut-offs were used (8.5% in boys and
6.2% in girls, p < 0.0001).

The highest prevalence of overweight was found using WHO percentile cut-offs at
10 years of age (43.8% in boys and 37.8% in girls, p = 0.0056), and the lowest was at the
age of 18 years (18.6% in boys and 11.1% in girls, p = 0.0043). Also, based on CDC and
IOTF, the extremes values for the prevalence of overweight were at 10 years of age (42.5%,
38.5% in boys, 31.6%, 32.7% in girls; p < 0.0001 and p = 0.0060) and 18 years of age (14.4%,
18.7% in boys, 8.9%, 10.9% in girls; p = 0.0203 and p = 0.0029). If we analyze the obesity
prevalence, we observed the same situation—the highest level at the age of 10 (except in
girls, based on CDC and IOTF where the highest prevalence was at the age of 8) and the
lowest level at the age of 18 years.
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Figure 1. Prevalence of underweight, overweight and obesity in children aged 7-18 years using the WHO, CDC and

IOTF references.

Our study showed a prevalence of severe obesity of 5.1% based on WHO criteria and
lower ones, 1.2% and 1.6%, based on CDC and IOTF references, respectively. The severe
obesity prevalence was higher in boys, based on CDC and IOTF cut-offs (1.8%, 1.8% in boys
compared with 0.7%, 1.4% in girls; p < 0.0001 and p = 0.0189), but using WHO reference, the
severe obesity was almost similar in both sexes (p = 0.5043). Based on the WHO definition,
the highest prevalence of severe obesity was found in children aged 7-10 years, with the
highest level in girls at 8 years (10.3%). CDC and IOTF criteria for severe obesity revealed
the highest prevalence in both sexes at 7-8 years. The lowest prevalence for severe obesity
was in children aged 17-18 years.

The underweight prevalence was higher using WHO and CDC reference (5.2% and 6%)
than IOTF cut-offs (2.6%). Based on CDC criteria, more boys were classified as underweight
than girls (6.2% vs. 5.8%, p = 0.2156) but using WHO and IOTF criteria, the prevalence of
underweight was higher in girls (5.6% vs. 4.8%, p = 0.0082 and 3.1% vs. 2%, p < 0.0001).
The underweight prevalence was higher in lower ages (the highest prevalence was in boys
aged 7, using CDC criteria, 10.6%) and lower in 17-18 years old children (based on WHO
standards) and in children aged 14 years (based on CDC and IOTF criteria). Using CDC
references, the girls aged 18 years had the highest prevalence of underweight of 9.4%.
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4. Discussion

As a part of a larger project on cardiovascular diseases in children, this study aimed to
analyze the prevalence of overweight and obesity in school-aged children population from
the urban area in the northwestern part of Romania. We also studied the underweight in
children as this continues to be an issue in developing countries.

During the last three decades, many demographic, epidemiological and socioeconomic
changes took place in Romania as in other countries from Eastern Europe. The improvement
of socioeconomic status in most developing countries came with better access to healthcare
and less physical activity and a nutritional transition to a high intake of carbohydrates and
saturated fat due to highly processed food and fast food. These changes were seen in all
Eastern European countries and were associated with a sharp increase in overweight and
obesity in children [24,27,32]. This trend should be followed by implementing strategies to
fight against childhood obesity and its risk for future adult health.

The prevalence of overweight (including obesity) in our study population based on
WHO, CDC and IOTF references was almost similar, 29.6%, 27.4% and 27.6%, respec-
tively, but with differences between the overweight and obesity classification using these
references. A higher prevalence of overweight in boys was found in almost all other
studies [11,19,32,33]. Regarding age, the trend was similar no matter the reference used:
excess weight prevalence was highest in children before puberty (up to 10-12 years) and
lowest in adolescents aged 17-18 years. This decreasing prevalence of overweight/obesity
from the pre-puberty period to 18 years was reported in other studies from Romania or
other countries [25,34,35].

4.1. Prevalence of Overweight and Obesity in Other Countries

There are essential differences in the prevalence of overweight and obesity in children
in European countries, from the lowest level in Slovakia (9%), Turkey and the Netherlands
(10.5%) to the highest levels in Italy (26%) and the United Kingdom (29%) [36]. Worldwide,
it varies from almost 1 in 3 children in the U.S. [37], Australia (increasing from 24.6% in
2007 /2008 to 27.6% in 2014 /2015, [38]) and New Zealand (33%, [39]) to lower prevalence of
overweight (14.7%) and obesity (5.8%) in Eastern Ethiopia in 2016 [40]. Table 11 presents the
prevalence of overweight (including obesity) and obesity in children in different countries,
based on various criteria.

In Germany, The Second Wave of the German Health Interview and Examination
Survey for Children and Adolescents (KiGGS Wave 2, 2014-2017) showed that the overall
prevalence in children aged 3 to 17 years for overweight was 15.4% and for obesity was
5.9%, with no difference between boys and girls [20]. This study revealed that the obesity
prevalence increased from 3-6 years (3.2% in girls and 1% in boys) to 14-17 years (7.7% in
girls and 9.2% in boys). There was no increase in prevalence since 2003-2006 [20].

The increase of the overweight (including obesity) with age was also reported in the
U.S., from 22.8% at age 2-5 years, 34.2% at the age of 6-11 years and 34.5% in adolescence
(12-19 years). The same trend was reported for obesity, from 8.4% in pre-school children,
17.7% at the age of 6-11 years and 20.5% in adolescence [37]. In the studies coming
from the U.S. [41], Portugal [33], Spain [19], Ukraine [32], boys, in all age groups, had a
higher prevalence of obesity than girls. Still, other studies reported higher prevalence in
girls, in France [2] or Spain [42], or even no differences based on sex, as in Serbia [36] or
Germany [20]. In Asian countries, the prevalence of overweight and obesity increased with
age and was higher in boys than girls. [11] Compared to the U.S. or Asian countries, the
prevalence of overweight decreased in adolescence in our study.
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Table 11. Prevalence of overweight (including obesity) and obesity in children in different countries, based on various

criteria.

Overweight, Including

Country, Year, Reference Number Obesity (%) Obesity (%) ( ;:E:-s) Réif:‘::;:e
Boys Girls Boys Girls
31.4% 27.9% 16.7% 14.9% WHO
Romania, 2016 31.7% 23.5% 14.2% 8.9% 7-18 CDC
30.6% 24.8% 8.5% 6.2% IOTF
France, 2011, [2] 14.0% 19% 2.5% 4% 7-11 IOTF
31.6% 20.7% 10.9% 5.4% WHO
Portugal, 2014, [33] 25.2% 12.8% 9.4% 4.4% 10-16  CDC
23.9% 13.3% 5.4% 2% IOTF
44% 36% 19% 16% WHO
Spain, 2011, [19] 2-15 S ——
32% 30% 11% 12% IOTF
Germany, 2017, [20] 15.6% 15.3% 6.3% 5.5% 3-17 German
Greece, 2011, [43] 29.9% 29.2% 12.9% 10.6% 10-12 IOTF
21.8% 13.8% 5.8% 2.7% WHO
Ukraine, 2018, [32] 15.5% 9.9% 4.8% 2.5% 6-18 CDC
13.8% 8.5% 2.3% 1.8% IOTF
Serbia, 2011, [36] 10% 5% 15-18 CDC
10.3% 4.7% WHO
Russia, 2010, [44] 8.6% 2.6% 14-17 CDC
8.6% 2.3% Russian
9% 2% IOTF
22.8% 8.4% 2-5
United States, 2011, [37] 34.2% 17.7% 6-11 CDC
34.5% 20.5% 12-19
18.7% 15.7% 7% 4.8% 5-11
Asia, 2018, [11] Pool of 41 studies WHO/IOTF
26.0% 19.9% 10.1% 6.2% 12-19

WHO, World Health Organization, IOTE, International Obesity Task Force, CDC, Center for Disease Control and Prevention.

One systematic review of 32 studies published between 20062016 with data from
27 European countries revealed that the pooled prevalence estimate of overweight was
14.6% and obesity was 5.3% in pre-school children (aged 27 years). All studies used the
IOTF definition criteria. There is significant heterogeneity in Europe, but Southern Europe
(countries like Italy and Greece) had the highest prevalence of overweight. Compared
with our results, in pre-school children in most European countries, girls showed a higher
prevalence of overweight or obesity than boys [45].

An analysis performed in primary school children, including 636,933 children from
21 countries participating in the first three COSI (The WHO European Childhood Obesity
Surveillance Initiative), revealed significant differences among countries with higher values
of the prevalence of severe obesity in Southern Europe (Greece, Malta, Italy, Spain and
San Marino), above 4%. Based on the COSI study, Romania is in the middle group of the
European countries, with a prevalence of severe obesity of 2.2% using the WHO definition
(3.8% in boys and 0.5% in girls) and 1.2% using the IOTF definition (1.7% in boys and 0.6%
in girls) [46]. Our data for children 7-10 years old shows a higher prevalence of severe
obesity using CDC and IOTF criteria.
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4.2. Other Studies Analyzing Overweight and Obesity in Romanian Children

During the last years, there was no national representative study on the prevalence of
overweight and obesity in Romania, but studies from different regions of the country. In the
western part of the country, the prevalence of overweight (including obesity) and obesity in
children aged 7-18 years was 25.4% and 7.2%, while in the urban area in the northeastern
part in children aged 6-10 years, it was 23.7% and 7.1%, using IOTF criteria [23,24]. In a
study published in 2009, the prevalence of overweight (including obesity) and obesity in
school children from Cluj-Napoca, using IOTF criteria, was 21.1% and 8.3%. The prevalence
decreased from the age group of 6-10 years to adolescents [25]. In Bucharest, the capital
city of Romania, the prevalence of overweight (including obesity) and obesity were similar
with the other studies from the country: 31.6% and 11.4% (WHO), 24.6% and 6.2% (IOTE),
25.2% and 10% (CDC). This study tried to analyze the eating behaviors, with almost all
participants reporting at least one unhealthy eating behavior, but there was no significant
relationship found with overweight or obesity [27]. In a study performed in Bihor county,
in the Western part of Romania, published in 2016, in school-aged children between
11-15 years, 15.3% were overweight and 12% obese. Overweight and obesity were more
prevalent in children from the urban area (30%) than in rural areas (24%) [26]. In all these
studies [23-27], the prevalence of overweight and obesity was higher in boys than in girls,
similar to our results.

In a pooled analysis of cross-sectional studies published between 2006 and 2015,
including 25,060 children aged 6-19 from 8 counties from different regions of Romania, the
prevalence of overweight (including obesity) was 28.3%/23%/23.2% (WHO/IOTF/CDC).
The prevalence was smaller than in our study, probably due to the inclusion of urban and
rural populations in the pool of studies [29]. Even lower prevalence was reported in 2017
in school-aged children: overweight decreased from 21.28% in boys and 13.89% in girls
at 14 years old to 15.20% in boys and 5.86% in girls at 18 years. The obesity prevalence
varied in girls from 1.85% at 14 years to 0.85% at 16 years and in boys between 2.12% at
15 years to 3.55% at 17 years [34,35]. Compared to the results presented for Romania by
Cattaneo [47], in 2004, all studies performed after 2010, including our research, revealed
a higher prevalence of overweight and obesity in school-aged children, with a decrease
in adolescence.

4.3. The Role of Urbanization in the Prevalence of Overweight and Obesity

Differences in the prevalence of excess weight in children by demographics were
reported in different countries. In the U.S., the prevalence of overweight was different
based on the level of urbanization [48]. In contrast, in a cross-sectional analysis including
children aged 2-19 years, differences in obesity by urbanization level were not significant
(21.7% vs. 17.1%). Moreover, severe obesity was more prevalent in non-metropolitan areas
than in large metropolitan areas (9.4% vs. 5.1%). Analyzing the trend, the prevalence of
obesity increased in large urban areas from 15.3% in 2001-2004 to 17.1% in 2013-2016, and
in non-metropolitan areas from 20% to 21.7%. The severe obesity prevalence increased from
4.3% to 5.1% in large metropolitan areas and 7.3% to 9.4% in non-metropolitan areas [49].
In Florida, in a study based on data from 2017, the highest prevalence of obesity and severe
obesity was observed in rural-small town areas, higher with 25% and 75%, respectively,
compared to metropolitan areas. These data contradict studies from other countries, but
the data could be biased as children from low-income families and without insurance may
have been underrepresented in the sample [41].

A higher prevalence of overweight in urban areas was reported in developing coun-
tries but attenuated after adjusting for the socioeconomic status [50]. In a systematic review
of data from Asian countries in the urban population, the prevalence of overweight in
children aged 5-11 years was 12.6% in boys and 10.8% in girls. For adolescents, it was
17.1% in boys and 14.8% in girls. The prevalence of obesity in the same urban population
was for children 6.6% in boys and 4.6% in girls and for adolescents 10.3% in boys and
6.6% in girls. The Asian studies reported a nutrition transition and urbanization in most of
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Asia associated with a sedentary lifestyle and dietary changes [11]. In Europe, in studies
from Slovakia and Poland, the excess weight is more prevalent in urban areas than in rural
ones [51,52]. Conversely, in Greece, there was no significant difference [43].

In Romania, the COSI study presented a higher prevalence of overweight in the urban
area (31.4%) than in the rural area (21.6%) [53]. Also, in the pooled analysis of Romania’s
studies, the excess weight was more prevalent in the urban area (29.5%) than in rural areas
(22.9%) [29]. In our study, the prevalence of overweight in the urban population was lower
than in the COSI study:.

4.4. Comparison of Different References for Overweight and Obesity Definition

It is challenging to choose the most appropriate reference system for overweight
and obesity classification. Depending on the aim, IOTF reference should be used for
international comparison, and the other references for clinical use [54].

The WHO and IOTF references produced a similar overall prevalence of overweight
and obesity in a sample population from China, Russia and the U.S. [18]. In developing
countries, the prevalence of childhood obesity was higher than adolescent obesity com-
pared to developed countries as children mature later than in countries used as reference
populations for WHO and IOTF systems [18]. Population-specific standards should be
used in different countries as there could be differences in BMI-body fat and BMI-risk
for disease relationships. IOTF and WHO references are statistically defined and not in a
relationship with evidence of long-term health risks [18].

In a French study, the WHO system was significantly different from IOTF, as a
higher proportion of children were considered overweight (20% vs. 16.2%) and obese
(11.6% vs. 6.7%) [2]. Similarly, in studies coming from Portugal and Spain, the WHO
cut-offs estimate the highest prevalence of overweight, obesity and severe obesity, and
IOTF criteria the smallest. The best agreement for overweight and obesity evaluation was
between CDC and IOTF cut-offs [13,19,33,55].

WHO and CDC references based on the U.S. population seem not to be valid in
other populations from Asia, Africa or other developing countries. IOTF references, based
on a sample population from six countries (U.S., Brazil, Great Britain, Hong Kong, The
Netherlands, Singapore), are closer to developed countries and the Western population
than to other countries. When we compare the results of obesity prevalence based on
different references and populations (sampling, age), we should be aware of those kinds
of limitations [11,18]. If the results based on WHO references would be the basis for
tailoring public health measures, some actions will target normal-weight children. In many
countries, using IOTF references would be more appropriate for evaluating overweight
and obesity prevalence as this system is the best adapted for that population [2].

Our study also results in a different prevalence of underweight, overweight, obesity
and severe obesity based on the criteria used for analysis. In Romania, the last growth
charts were published in 1974. As there are questions as to whether WHO standards
are helpful for the Romanian child population, in 2016, synthetic growth references were
developed. The authors used data from six studies with anthropometric information
obtained between 1999 and 2016. If comparing this synthetic reference with WHO and
CDC references, there are statistically significant differences. Romanian children are taller
than the WHO and CDC reference. The new reference shows that Romanian children may
have a higher BMI than both WHO and IOTF references. There were some limitations
of this reference, one being the fact that it was created mainly from studies consisting of
children from urban areas [28]. Based on all these aspects, we can assume that the IOTF
may be the most useful also for our country. The economic and epidemiological changes
during the last 20 years bring our population closer to developed countries and the Western
population than to other countries.
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4.5. Underweight in Children and Adolescents

Underweight continues to be a problem in some countries, and together with over-
weight consists of a double burden for public health authorities. Pediatricians should have
an essential role in advocating for healthy child nutrition programs to decrease malnutrition
prevalence due to food insecurity [56].

In Eastern Europe, 15.2% of children aged 6-19 years were underweight in Ukraine [32]
and 24.2% in Poland, in Podalskie province [57]. Another study from Poland found
the highest prevalence of underweight in girls at the age of 13 (19.3%) and in boys at
the age of 14 (8.7%) [58]. Still, more pre-school-aged children are underweight (10.4%)
than overweight (6.4%) [59]. In the northwestern part of Russia, in a rural area, the
prevalence of stunting was 3.3%, 5.2%, 4.5%, and underweight was 3.6%, 3.1%, 2.3%
(based on the WHO-2007, CDC-2000, and Russian criteria). Using the IOTF definition, the
underweight prevalence was only 1.8% [44]. A recently published meta-analysis, including
323,420 European children aged 2 to 18 years, revealed an increasing trend in Eastern,
Northern and Southern Europe and descending trend in Western Europe, with the highest
prevalence in Eastern (12%) and Western Europe (11.8%) [8]. In our study, the prevalence of
underweight was 5.2%, 6.0% and 2.6% using WHO, CDC and IOTF criteria, and lower than
other countries from Eastern Europe [8,9]. Again, using different criteria, the prevalence of
underweight is quite different in the same population, giving us the possibility to conclude
that we need to choose appropriate standards.

Underweight is frequently overlooked by health policymakers from developed coun-
tries. Future interventions should increase the awareness of underweight as population
strategies for reducing obesity may harm malnourished children [8].

4.6. Limitations of the Study

The cross-sectional design of the study, including data from 2016, did not allow us
to analyze the trend of obesity and overweight in our children. Even though the main
project included a questionnaire on lifestyle, we could not correlate with nutrition, feeding
behavior and sedentary habits due to methodological issues. The study population was
enrolled in schools from the urban area, but there was no analysis of the students’ living
place. In some schools of metropolitan regions, children living in the surrounding rural
area could be enrolled. Due to some lack of collaboration, we could not include all schools
from the five counties” urban areas. There was no possibility of comparing the prevalence
of overweight and obesity with school-aged children from the rural area due to the main
project’s methodological limitation. Besides all these limitations, the large number of
children enrolled in the study using the same method make this study the most extensive
single study analyzing the prevalence of underweight, overweight and obesity in a large
region of Romania.

5. Conclusions

The prevalence of overweight (including obesity) in children at school-age from the
urban area of Western Romania is estimated at under 30%. The highest prevalence of
overweight was at pre-puberty age, with a decrease toward the age of 18. Boys were with
a higher prevalence of overweight/obesity than girls. The WHO criteria resulted in the
highest prevalence of obesity and IOTF cut-offs in the lowest. Based on WHO, 5.1% of
children are with severe obesity, but the other references revealed a lower prevalence (1.2%
and 1.6%). Underweight is still an essential issue for developing countries and had a
low prevalence in children from urban areas (5.2%, 6%, 2.6%, based on WHO, CDC, and
IOTF criteria). It is essential to choose the most appropriate reference system to define
overweight and obesity if one wants to correctly evaluate public health measures to halt
obesity in children.



Int. J. Environ. Res. Public Health 2021, 18, 5176 14 of 16

Author Contributions: Conceptualization, T.L.P.,, C.L. and S.S.C.; methodology, T.L.P., D.M., C.L. and
S.5.C.; software, D.M.; validation, TL.P, D.M., D.R,, C.L.,, G.C.,, A.S. and S.S.C.; formal analysis, T.L.P,,
DM, DR, CL,G.C,AS. and S.5.C,; investigation, T.L.P, D.R.,, C.L.,, G.C,, A.S. and S.5.C.; resources,
S.5.C. and D.R;; data curation, T.L.P., D.M., D.R,, C.L., G.C,, A.S. and S.S.C.; writing—original draft
preparation, TL.P, D.M,, S.5.C.; writing—review and editing, T.L.P., D.M., C.L., S.5.C.; visualization,
T.LP, DM, DR, CL., G.C, AS. and S.S.C.; supervision, T.L.P.,, S.5.C.; project administration,
S.5.C.; funding acquisition, 5.S.C., D.R. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by the project “Development of skills of specialized medical per-
sonnel in the prevention, diagnosis and surgical treatment of the congenital and acquired heart disease
of children using cutting-edge technologies. CARDIOPED”, Contract POSDRU/179/3.2/5/152289,
Co-financed by the European Social Fund through the Sectoral Operational Program Human Re-
sources Development 2007-2013, Priority Axis 3 “Increasing the adaptability of workers and en-
terprises”. Major field of intervention 3.2 “Training and support for businesses and employees to
promote adaptability”.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The study was possible based on a cooperation agreement between the study
team and the County School Inspectorates of five counties from the Western part of Transylvania,
Romania (Cluj, Satu-Mare, Bihor, Arad, Timis).

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.
11.

12.

World Health Organization. Commission on Ending Childhood Obesity: Facts and Figures on Childhood Obesity; World Health
Organization: Geneva, Switzerland, 2014.

Kéké, L.M.; Samouda, H.; Jacobs, J.; di Pompeo, C.; Lemdani, M.; Hubert, H.; Zitouni, D.; Guinhouya, B.C. Body mass index and
childhood obesity classification systems: A comparison of the French, International Obesity Task Force (IOTF) and World Health
Organization (WHO) references. Rev. Epidemiol. Sante Publique. 2015, 63, 173-182. [CrossRef]

Di Cesare, M.; Sori¢, M.; Bovet, P.; Miranda, ].J.; Bhutta, Z.; Stevens, G.A.; Laxmaiah, A.; Kengne, A.P.; Bentham, ]J. The
epidemiological burden of obesity in childhood: A worldwide epidemic requiring urgent action. BMC Med. 2019, 17, 212.
[CrossRef] [PubMed]

Swinburn, B.A.; Sacks, G.; Hall, K.D.; McPherson, K.; Finegood, D.T.; Moodie, M.L.; Gortmaker, S.L. The global obesity pandemic:
Shaped by global drivers and local environments. Lancet 2011, 378, 804-814. [CrossRef]

World Health Organization. Obesity and Overweight. Fact Sheet 1 April 2020. Available online: https://www.who.int/news-
room/fact-sheets/detail /obesity-and-overweight (accessed on 10 July 2020).

NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in body-mass index, underweight, overweight, and obesity from
1975 to 2016: A pooled analysis of 2416 population-based measurement studies in 128-9 million children, adolescents, and adults.
Lancet 2017, 390, 2627-2642. [CrossRef]

Partap, U.; Young, E.H.; Allotey, P.; Sandhu, M.S.; Reidpath, D.D. The use of different international references to assess child
anthropometric status in a Malaysian population. J. Pediatric 2017, 190, 63-68.e1. [CrossRef] [PubMed]

Garrido-Miguel, M.; Martinez-Vizcaino, V.; Oliveira, A.; Martinez-Andrés, M.; Sequi-Dominguez, I.; Hernandez-Castillejo, L.E.;
Cavero-Redondo, I. Prevalence and trends of underweight in European children and adolescents: A systematic review and
meta-analysis. Eur. |. Nutr. 2021. Epub online ahead of print. [CrossRef] [PubMed]

Stewart, C. Statista. Share of Adolescents Who Are Underweight in European Countries in 2018, by Age and Gender. Published
1 July 2020. Available online: https://www.statista.com/statistics /1125777 /adolescents-who-are-underweight-in-europe/
(accessed on 30 April 2021).

Hinojosa Amaya, L.G. Child and adolescent obesity. Med. Univ. 2017, 19, 145-148. [CrossRef]

Mazidi, M.; Banach, M.; Kengne, A.P.; Lipid and Blood Pressure Meta-analysis Collaboration Group. Prevalence of childhood
and adolescent overweight and obesity in Asian countries: A systematic review and meta-analysis. Arch. Med. Sci. 2018, 14,
1185-1203. [CrossRef]

Al-Hazzaa, H.M.; Abahussain, N.A.; Al-Sobayel, H.I.; Qahwaji, D.M.; Alsulaiman, N.A.; Musaiger, A.O. Prevalence of overweight,
obesity, and abdominal obesity among urban Saudi adolescents: Gender and regional variations. J. Health Popul. Nutr. 2014, 32,
634-645.


http://doi.org/10.1016/j.respe.2014.11.003
http://doi.org/10.1186/s12916-019-1449-8
http://www.ncbi.nlm.nih.gov/pubmed/31760948
http://doi.org/10.1016/S0140-6736(11)60813-1
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
http://doi.org/10.1016/S0140-6736(17)32129-3
http://doi.org/10.1016/j.jpeds.2017.07.049
http://www.ncbi.nlm.nih.gov/pubmed/29144273
http://doi.org/10.1007/s00394-021-02540-0
http://www.ncbi.nlm.nih.gov/pubmed/33779808
https://www.statista.com/statistics/1125777/adolescents-who-are-underweight-in-europe/
http://doi.org/10.1016/j.rmu.2017.07.005
http://doi.org/10.5114/aoms.2018.79001

Int. J. Environ. Res. Public Health 2021, 18, 5176 15 of 16

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

De Onis, M.; Lobstein, T. Defining obesity risk status in the general childhood population: Which cut-offs should we use? Int. |.
Pediatric Obes. 2010, 5, 458-460. [CrossRef]

De Onis, M.; Onyango, A.W.; Borghi, E.; Syiam, A.; Nishida, C.; Siekmann, J. Development of a WHO growth reference for
school-aged children and adolescents. Bull. World Health Organ. 2007, 85, 660—-667. [CrossRef]

Cole, T.].; Bellizzi, M.C.; Flegal, K.M.; Dietz, W.H. Establishing a standard definition for child overweight and obesity worldwide:
International survey. BMJ 2000, 320, 1240-1243. [CrossRef] [PubMed]

Cole, T.].; Lobstein, T. Extended international (IOTF) body mass index cut-offs for thinness, overweight and obesity. Pediatr Obes.
2012, 7, 284-294. [CrossRef] [PubMed]

Kuczmarski, R.].; Ogden, C.L.; Grummer-Strawn, L.M.; Flegal, KM.; Guo, S.S.; Wei, R.; Mei, Z.; Curtin, L.R.; Roche, A.F.; Johnson,
C.L. CDC Growth Charts: United States; National Center for Health Statistics: Hyattsville, MD, USA, 2000; pp. 1-27.

Wang, Y.; Wang, ].Q. A comparison of international references for the assessment of child and adolescent overweight and obesity
in different populations. Eur. . Clin. Nutr. 2002, 56, 973-982. [CrossRef] [PubMed]

Ajejas Bazan, M.].; Jiménez Trujillo, M.I.; Wéarnberg, J.; Dominguez Ferndndez, S.; Lopez de Andrés, A.; Pérez Farinos, N.
Differences in the prevalence of diagnosis of overweight-obesity in Spanish children according to the diagnostic criteria set used.
Gac. Sanit. 2018, 32, 477-480. [CrossRef] [PubMed]

Kurth, B.M.; Schaffrath Rosario, A. Ubergewicht und Adipositas bei Kindern und Jugendlichen in Deutschland [Overweight and
obesity in children and adolescents in Germany]. Bundesgesundheitsblatt Gesundh. Gesundh. 2010, 53, 643—652. [CrossRef]

Pop, T.L.; Namazova-Baranova, L.; Mestrovic, J.; Nigri, L.; Vural, M.; Sacco, M.; Giardino, L; Ferrara, P; Pettoello-Mantovani, M.
The role of healthy lifestyle promotion, counseling, and follow-up in noncommunicable diseases prevention. J. Pediatric 2020, 217,
221-223.el. [CrossRef]

Nga, V.T.; Dung, VN.T.; Chu, D.T; Tien, N.L.B.; van Thanh, V.; Ngoc, V.T.N.; Hoan, L.N.; Phuong, N.T.; Pham, V.H.; Tao, Y.; et al.
School education and childhood obesity: A systemic review. Diabetes Metab. Syndr. 2019, 13, 2495-2501. [CrossRef]

Emandi, A.C.; Puiu, M.; Gafencu, M.; Pienar, C. Overweight and obesity in school age children in western Romania. Rev. Med.
Chir. Soc. Med. Nat. Iasi 2013, 117, 36-45.

Mocanu, V. Prevalence of overweight and obesity in urban elementary school children in northeastern Romania: Its relationship
with socioeconomic status and associated dietary and lifestyle factors. Biomed Res. Int. 2013, 2013, 537451. [CrossRef]

Valean, C.; Tatar, S.; Nanulescu, M.; Leucuta, A.; Ichim, G. Prevalence of obesity and overweight among school children in
Cluj-Napoca. Acta Endocrinol. 2009, 5, 213-219. [CrossRef]

Lukacs, N.C.; Hantiu, I. The prevalence of overweight and obesity among children in middle school within the Bihor—Hajdu-
Bihar Euroregion. Studia UBB Educ. Artis Gymn. 2016, 61, 41-51.

Barbu, C.G.; Teleman, M.D.; Albu, A.L; Sirbu, A.E.; Martin, S.C.; Bancescu, A.; Fica, S.V. Obesity and eating behaviors in
school children and adolescents—Data from a cross-sectional study from Bucharest, Romania. BMC Public Health 2015, 15, 206.
[CrossRef] [PubMed]

Pascanu, I.; Pop, R.; Barbu, G.C.; Dumitrescu, C.P.; Gherlan, I.; Marginean, O.; Preda, C.; Procopiuc, C.; Vulpoi, C.; Hermanussen,
M. Development of synthetic growth charts for Romanian population. Acta Endocrinol. 2016, 12, 309-318. [CrossRef]
Chirita-Emandi, A.; Barbu, C.G.; Cinteza, E.E.; Chesaru, B.I.; Gafencu, M.; Mocanu, V.; Pascanu, I.M.; Tatar, S.A.; Balgradean, M.;
Dobre, M.; et al. Overweight and underweight prevalence trends in children from Romania—Pooled analysis of cross-sectional
studies between 2006 and 2015. Obes. Facts 2016, 9, 206-220. [CrossRef]

Ahluwalia, N.; Dalmasso, P.; Rasmussen, M.; Lipsky, L.; Currie, C.; Haug, E.; Kelly, C.; Damsgaard, M.T.; Due, P; Tabak, I; et al.
Trends in overweight prevalence among 11-, 13- and 15-year-olds in 25 countries in Europe, Canada and USA from 2002 to 2010.
Eur. |. Public Health 2015, 25 (Suppl. 2), 28-32. [CrossRef]

World Health Organization. Growth Reference 5-19 Years. 2007. Available online: http:/www.who.int/growthref/who2007_
bmi_for_age/en/ (accessed on 10 July 2020).

Dereni, K.; Nyankovskyy, S.; Nyankovska, O.; Luszczki, E.; Wyszynska, ].; Sobolewski, M.; Mazur, A. The prevalence of
underweight, overweight and obesity in children and adolescents from Ukraine. Sci. Rep. 2018, 8, 3625. [CrossRef] [PubMed]
Minghelli, B.; Nunes, C.; Oliveira, R. Body mass index and waist circumference to define thinness, overweight and obesity in
Portuguese adolescents: Comparison between CDC, IOTE, WHO references. Pediatric Endocrinol. Rev. 2014, 12, 35-41.

National Institute of Public Health. National Center for Evaluation and Promoting Health State. Raport National de Sanatate a
Copiilor si Tinerilor din Roménia. 2017. Available online: http://insp.gov.ro/sites/cnepss/wp-content/uploads/2018 /02 /RSC-
2017.pdf (accessed on 28 July 2018). (In Romanian)

Pop, T.L.; Burlea, M.; Falup-Pecurariu, O.; Borzan, C.; Gabor-Harosa, F.; Herdea, V.; Pop, C.F; Rajka, D.; Ognean, M.L.; Cainap,
S.S. Overview of the pediatric healthcare system in Romania. Turk. Arch. Pediatrics 2020, 55 (Suppl. 1), S69-584. [CrossRef]
Rakic, R.; Bozic-Krstic, V.; Pavlica, T. Relationship between overweight, obesity and socioeconomic factors of adolescents in
Vojvodina, Serbia. Homo 2011, 62, 307-313. [CrossRef] [PubMed]

Ogden, C.L.; Carroll, M.D,; Kit, B.K,; Flegal, K.M. Prevalence of childhood and adult obesity in the United States, 2011-2012.
JAMA 2014, 311, 806-814. [CrossRef]

Huse, O.; Hettiarachchi, J.; Gearon, E.; Nichols, M.; Allender, S.; Peeters, A. Obesity in Australia. Obes. Res. Clin. Pract. 2018,
12,29-39. [CrossRef]


http://doi.org/10.3109/17477161003615583
http://doi.org/10.2471/BLT.07.043497
http://doi.org/10.1136/bmj.320.7244.1240
http://www.ncbi.nlm.nih.gov/pubmed/10797032
http://doi.org/10.1111/j.2047-6310.2012.00064.x
http://www.ncbi.nlm.nih.gov/pubmed/22715120
http://doi.org/10.1038/sj.ejcn.1601415
http://www.ncbi.nlm.nih.gov/pubmed/12373618
http://doi.org/10.1016/j.gaceta.2017.07.014
http://www.ncbi.nlm.nih.gov/pubmed/28965658
http://doi.org/10.1007/s00103-010-1083-2
http://doi.org/10.1016/j.jpeds.2019.10.061
http://doi.org/10.1016/j.dsx.2019.07.014
http://doi.org/10.1155/2013/537451
http://doi.org/10.4183/aeb.2009.213
http://doi.org/10.1186/s12889-015-1569-9
http://www.ncbi.nlm.nih.gov/pubmed/25885216
http://doi.org/10.4183/aeb.2016.309
http://doi.org/10.1159/000444173
http://doi.org/10.1093/eurpub/ckv016
http:/www.who.int/growthref/who2007_bmi_for_age/en/
http:/www.who.int/growthref/who2007_bmi_for_age/en/
http://doi.org/10.1038/s41598-018-21773-4
http://www.ncbi.nlm.nih.gov/pubmed/29483604
http://insp.gov.ro/sites/cnepss/wp-content/uploads/2018/02/RSC-2017.pdf
http://insp.gov.ro/sites/cnepss/wp-content/uploads/2018/02/RSC-2017.pdf
http://doi.org/10.14744/TurkPediatriArs.2020.77775
http://doi.org/10.1016/j.jchb.2011.04.002
http://www.ncbi.nlm.nih.gov/pubmed/21565341
http://doi.org/10.1001/jama.2014.732
http://doi.org/10.1016/j.orcp.2017.10.002

Int. J. Environ. Res. Public Health 2021, 18, 5176 16 of 16

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.
59.

Chiavaroli, V.; Gibbins, ].D.; Cutfield, W.S.; Derraik, ].G.B. Childhood obesity in New Zealand. World |. Pediatrics 2019, 15, 322-331.
[CrossRef] [PubMed]

Desalew, A.; Mandesh, A.; Semahegn, A. Childhood overweight, obesity and associated factors among primary school children
in Dire Dawa, Eastern Ethiopia; a cross-sectional study. BMC Obes. 2017, 4, 20. [CrossRef]

Lemas, D.]J.; Cardel, M.I; Filipp, S.L.; Hall, J.; Essner, R.Z.; Smith, S.R.; Nadglowski, J.; Donahoo, W.T.; Cooper-DeHoff, R.M.;
Nelson, D.R.; et al. Objectively measured pediatric obesity prevalence using the OneFlorida Clinical Research Consortium. Obes.
Res. Clin. Pract. 2019, 13, 12-15. [CrossRef] [PubMed]

Garcia Garcia, E.; Vazquez Lépez, M.A; Galera Martinez, R; Alias, I.; Martin Gonzélez, M.; Bonillo Perales, A.; Cabrera Sevilla,
J.E.; Garcia Escobar, I.; Gomez Bueno, S.; Lopez Ruzafa, E.; et al. Prevalence of overweight and obesity in children and adolescents
aged 2-16 years. Endocrinol. Nutr. 2013, 60, 121-126. [CrossRef]

Farajian, P; Risvas, G.; Karasouli, K.; Pounis, G.D.; Kastorini, C.M.; Panagiotakos, D.B.; Zampelas, A. Very high childhood obesity
prevalence and low adherence rates to the Mediterranean diet in Greek children: The GRECO study. Atherosclerosis 2011, 217,
525-530. [CrossRef] [PubMed]

Khasnutdinova, S.L.; Grjibovski, A.M. Prevalence of stunting, underweight, overweight and obesity in adolescents in Velsk
district, north-west Russia: A cross-sectional study using both international and Russian growth references. Public Health 2010,
124, 392-397. [CrossRef] [PubMed]

Garrido-Miguel, M; Oliveira, A.; Cavero-Redondo, I; Alvarez-Bueno, C.; Pozuelo-Carrascosa, D.P.; Soriano-Cano, A.; Martinez-
Vizcaino, V. Prevalence of overweight and obesity among European preschool children: A systematic review and meta-regression
by food group consumption. Nutrients 2019, 11, 1698. [CrossRef]

Spinelli, A.; Buoncristiano, M.; Kovacs, V.A.; Yngve, A.; Spiroski, I.; Obreja, G.; Starc, G.; Pérez, N.; Rito, A.I; KuneSova, M.; et al.
Prevalence of severe obesity among primary school children in 21 European countries. Obes. Facts 2019, 12, 244-258. [CrossRef]
Cattaneo, A.; Monasta, L.; Stamatakis, E.; Lioret, S.; Castetbon, K.; Frenken, F.; Manios, Y.; Moschonis, G.; Savva, S.; Zaborskis, A.;
et al. Overweight and obesity in infants and pre-school children in the European Union: A review of existing data. Obes. Rev.
2011, 11, 389-398. [CrossRef] [PubMed]

Ogden, C.L.; Carroll, M.D.; Fakhouri, T.H.; Hales, C.M.; Fryar, C.D.; Li, X.; Freedman, D.S. Prevalence of obesity among youths by
household income and education level of head of household—United States 2011-2014. MMWR Morb. Mortal. Wkly. Rep. 2018,
67,186-189. [CrossRef]

Ogden, C.L,; Fryar, C.D.; Hales, C.M.; Carroll, M.D.; Aoki, Y.; Freedman, D.S. Differences in obesity prevalence by demographics
and urbanization in U.S. children and adolescents, 2013-2016. JAMA 2018, 319, 2410-2418. [CrossRef] [PubMed]

Neuman, M.; Kawachi, I.; Gortmaker, S.; Subramanian, S.V. Urban-rural differences in BMI in low- and middle-income countries:
The role of socioeconomic status. Am. J. Clin. Nutr. 2013, 97, 428-436. [CrossRef] [PubMed]

Hujova, Z.; Lesniakova, M. Anthropometric risk factors of atherosclerosis: Differences between urban and rural east-Slovakian
children and adolescents. Bratisl. Lek. Listy 2011, 112, 491-496.

Gurzkowska, B.; Grajda, A.; Kutaga, Z.; Napieralska, E.; Litwin, M. Distribution of body mass index categories among Polish
children and adolescents from rural and urban areas. Med. Wieku Rozwoj. 2011, 15, 250-257. [PubMed]

Nicolescu, R. Evaluarea Morbiditatii Cronice Prin Dispensarizare in Colectivitatile de Copii si Tineri—Raport National 2013—
COSI (Romanian). Available online: http://insp.gov.ro/sites/cnepss/wp-content/uploads /2014 /12 /COSI-2013.pdf (accessed
on 23 August 2020).

Sampei, M.A; Sigulem, D.M. Field methods in the evaluation of obesity in children and adolescents. Rev. Bras. Satide Matern.
Infant. 2009, 9, 21-29. [CrossRef]

Sardinha, L.B.; Santos, R.; Vale, S.; Silva, A.M.; Ferreira, ].P.; Raimundo, A.M.; Moreira, H.; Baptista, F.; Mota, J. Prevalence of
overweight and obesity among Portuguese youth: A study in a representative sample of 10-18-year-old children and adolescents.
Int. ]. Pediatric Obes. 2011, 6, e124—e128. [CrossRef]

Pettoello-Mantovani, M.; Ehrich, J.; Sacco, M.; Ferrara, P.; Giardino, I.; Pop, T.L. Food insecurity and children’s rights to adequate
nutrition in Europe. . Pediatric 2018, 198, 329-330.e1. [CrossRef] [PubMed]

Roszko-Kirpsza, I.; Olejnik, B.; Zalewska, M.; Marcinkiewicz, S.; Maciorkowska, E. Selected dietary habits and nutritional status
of children and adolescents of the Podlasie region. Probl. Hig. Epidemiol. 2011, 92, 799-805.

Kolarzyk, E.; Janik, A.; Kwiatkowski, J. Nutritional habits of pre-school children. Probl. Hig. Epidemiol. 2008, 89, 531-536.
Chabros, E.; Charzewska, J.; Wajszczyk, B.; Chwojnowska, Z. Frequency of underweight in Warsaw adolescents in the last 3
decades. Probl. Hig. Epidemiol. 2011, 92, 99-102.


http://doi.org/10.1007/s12519-019-00261-3
http://www.ncbi.nlm.nih.gov/pubmed/31079339
http://doi.org/10.1186/s40608-017-0156-2
http://doi.org/10.1016/j.orcp.2018.10.002
http://www.ncbi.nlm.nih.gov/pubmed/30391132
http://doi.org/10.1016/j.endonu.2012.09.014
http://doi.org/10.1016/j.atherosclerosis.2011.04.003
http://www.ncbi.nlm.nih.gov/pubmed/21561621
http://doi.org/10.1016/j.puhe.2010.03.017
http://www.ncbi.nlm.nih.gov/pubmed/20541233
http://doi.org/10.3390/nu11071698
http://doi.org/10.1159/000500436
http://doi.org/10.1111/j.1467-789X.2009.00639.x
http://www.ncbi.nlm.nih.gov/pubmed/19619261
http://doi.org/10.15585/mmwr.mm6706a3
http://doi.org/10.1001/jama.2018.5158
http://www.ncbi.nlm.nih.gov/pubmed/29922826
http://doi.org/10.3945/ajcn.112.045997
http://www.ncbi.nlm.nih.gov/pubmed/23283503
http://www.ncbi.nlm.nih.gov/pubmed/22006480
http://insp.gov.ro/sites/cnepss/wp-content/uploads/2014/12/COSI-2013.pdf
http://doi.org/10.1590/S1519-38292009000100003
http://doi.org/10.3109/17477166.2010.490263
http://doi.org/10.1016/j.jpeds.2018.04.042
http://www.ncbi.nlm.nih.gov/pubmed/29936968

	Introduction 
	Materials and Methods 
	Population 
	Data Collection 
	Data Analysis 

	Results 
	Discussion 
	Prevalence of Overweight and Obesity in Other Countries 
	Other Studies Analyzing Overweight and Obesity in Romanian Children 
	The Role of Urbanization in the Prevalence of Overweight and Obesity 
	Comparison of Different References for Overweight and Obesity Definition 
	Underweight in Children and Adolescents 
	Limitations of the Study 

	Conclusions 
	References

