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A B S T R A C T

Objective: The number of children with cardiovascular risk factors is increasing steadily. However, limited data are
available on the prevalence of overweight, obesity, and hyperglycemia among children in low-middle-income
countries with multiethnic populations. Therefore, we assessed these factors in a school-based survey in Suri-
name, a low-middle-income country.
Methods: We invited pupils of 5th and 6th grade visiting the primary school to participate in this survey. We used a
questionnaire and face to face interviews, and conducted measurements to collect data on biological factors
(ethnicity, sex, length, weight, waist circumference, and fasting blood glucose levels), behavior (frequency of
physical activity, breakfast, bedtime, screentime), consumption (fruit and vegetables, snack, dairy products) and
social factors (parental education, living area).
Results: Overall, the percentage of children with overweight was 13.9%, obesity 13.3% and for elevated fasting
blood glucose level (> 6 mmol/L) 4.5%. In the investigated group of individuals, obesity and overweight were
associated with sex (girls showed a lower OR of 0.54 [95%CI: 0.39–0.75] for obesity), ethnicity (Javanese 2.1,
1.5–3.0 for overweight and 5.0, 3.1–8.2 for obesity, Maroon 2.2, 1.2–4.1 and Mixed ethnicity 1.7, 1.1–2.6, for
obesity compared to Hindustani), behavior (Skip Breakfast: 1.4, 1.2–1.7, physical activity: 0.8, 0.7–0.9) and
maternal education level (high 1.7, 1.0–2.7). Children with elevated fasting blood glucose levels showed an as-
sociation with obesity (1.8, 1.2–2.7) and waist circumference (1.02, 1.01–1.03).
Conclusion: The results show that there is a high prevalence for overweight, obesity and elevated fasting blood
glucose among children in Suriname. Furthermore, during childhood ethnicity is associated with obesity and
overweight. We suggest that the modifiable risk factors such as BMI, WC, behavior, consumption are interesting
for early intervention in children in a developing country.
1. Introduction

Obesity, overweight and hyperglycemia, are interconnected and
attribute to the risk of developing several non-communicable disorders
such as diabetes [1–4]. Traditionally, middle aged and elderly in-
dividuals were primarily diagnosed with type 2 diabetes mellitus,
whereas children suffered predominantly from type I diabetes mellitus
[5]. However, the number of children with diabetes mellitus type II
increased significantly over the past 4 decades [6–8]. For instance,
children visiting primary school showed a tenfold increase and those
visiting junior high school a doubling of the incidence of type 2 from
1974 to 1994 in Japan [9]. Shortly after that, the same trend followed in
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other developed Asian, European, and American countries [10–13].
Consequently, among the young people, this form of diabetes claims up
to 80% of the newly diagnosed cases at present day [14–17].

Obesity allegedly plays an important role in the development of
diabetes [18]. A study among children and young adults in the UK re-
ported a fourfold greater risk of developing type 2 diabetes mellitus in
individuals with obesity [19] while a German study showed that
impaired glucose regulation was prevalent in more than 5% of a group of
children with obesity [20]. Remarkably, the number of children with
obesity shows a large variation among countries [21] and mainly shows
an increase in developing countries [22,23]. In adults, a large body of
evidence indicates that all these conditions are related to multiple factors
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such as ethnicity, behavior, diet, and socio-economic factors. However,
data of children regarding the prevalence of these risk factors in devel-
oping countries is lacking.

Children of ethnic minorities, compared to white children, showed a
higher prevalence of obesity and type 2 diabetes in the USA [24,25].
Among the minority groups the prevalence of obesity varied from 12 to
30% [26], while compared with white young people between 10 and 19
years old they had an almost three-fold higher occurrence of Type 2
diabetes [27]. Another American study showed a great variation of
physical activity among children/adolescents of various ethnicities, with
especially Hispanic boys and Hispanic girls as well as girls of all ethnic-
ities performing significantly less [28]. Other studies showed that
behavior [29], diet [30] and socio-economic factors [31] also affect the
number of children with obesity. However, until now, no study deter-
mined the prevalence of obesity, overweight, hyperglycemia, and the
related factors among children of various ethnicities in lower
middle-income countries. This makes it hard for public health authorities
to introduce proper policies regarding the prevention and treatment of
these disorders.

For this reason, we assessed the prevalence of hyperglycemia, over-
weight, obesity and the risk factors in a population of children residing in
a multi-ethnic and multicultural population in a developing country. This
was achieved through a cross-sectional school-based survey assessing
biological, anthropometric, and behavioral risk factors among school-
children of the 5th and 6th grade of primary school.

2. Subjects and methods

2.1. Study area

Suriname, a former Dutch colony, located at the Northeast coast of
South America, has about 550,000 inhabitants. Its multiethnic/multi-
cultural population mainly consists of American Indians (descendants of
the indigenous inhabitants), Maroons (descendants of the slaves fled into
the interior), Creoles (descendants of the slaves living in the coastal
area), Chinese (descendants of the immigrants from China), Hindustani
(descendants of the immigrants from British India), Javanese (de-
scendants of the immigrants of Indonesia) andWhites (descendants of the
European colonists) as well as all possible mixes of all these major groups.
The country is administratively divided into ten districts, including the
capital Paramaribo where nearly half of the population lives.

2.2. Study design

We designed a school-based survey to collect data among the chil-
dren. All primary schools in the districts Nickerie, Coronie, Saramacca,
Para and Commewijne were included in this survey. In Paramaribo and
Wanica primary schools were selected from several regions, because of
the large number of schools. We invited pupils of the 5th and 6th grade of
the primary school to participate and collected data from May 2013 to
April 2016. Due to financial and infrastructural restrains, the three
remaining districts were not included in this study.

We used trained staff to conduct face-to-face interviews with the
children, send questionnaires to the parents/guardians and conducted
measurements to collect data on biological, behavioral, consumptive,
and social risk factors. Biological factors included sex (boys/girls),
ethnicity (Hindustani, Creole, Javanese, Marron, Amerindian, Chinese,
White, and Mixed), body mass index (BMI ¼ weight(kg)/(Length(m)2)
and waist circumference (cm). We used the parent/guardian reported
ethnicity for the pupils. Blood glucose levels were measured after a finger
prick and only the results after an overnight fast of at least 8 h were
included for statistical analysis. Behavioral factors included frequency of
physical activity (PA) during a week (categorized as < 3x/week and �
3x/week), bedtime (up to 22:00 h and later than 22:00 h), screen time
(time spent sitting before a game, video, or television categorized into
<2 h/day and �2 h/day) and whether the children were used to skip
2

breakfast. To assess patterns of consumption we collected data on the
frequency of daily consumption of several products such as vegetable,
fruit (�1x/day and > 1x/day), dairy products (1x/day and �1x/day),
and snacks (<1x/day and � 1x day). Social factors included living area
and education level of both parents. We considered the districts Wanica
and Paramaribo as urban and the others as rural area. Parental education
was categorized into low (education at the primary school level or
lower), middle (education at secondary level) and high (education at the
level of high school or higher). All questions were in Dutch, the official
tongue, and all school children can communicate in this language. In case
of haziness, the trained staff elaborated on the meaning of the questions.

2.3. Outcome

All fasting blood glucose (FBG) levels�6 mmol/L were categorized as
elevated fasting blood glucose levels (EFBG) and we used the WHO
criteria to classify diabetes and prediabetes. Overnight fasting blood
glucose levels between 6 and 7 mmol/L were considered as prediabetes
and �7 mmol/L as diabetes [32]. Type I diabetes was identified when
diagnosis had already been established by the family physician or pedi-
atrician as could be derived from the questionnaire. Children were
classified as normal, overweight, or obese according to the WHO growth
reference chart (BMI for children between 5 and 19 years) [33]. All
participants with an adverse outcome were referred to their family
physician.

2.4. Data processing

We applied the double entry verification method to locate and correct
data-entry errors. Two separate groups of staff members entered
collected data into two separate databases. Both databases were
compared and mismatches were evaluated and corrected where
necessary.

2.5. Statistical analysis

The subpopulation with a fasting blood glucose sample of at least 8 h
was entered for the analysis of EFBG levels. The statistical analysis for
BMI included children classified under normal, overweight, and obese
categories. We assessed the distribution of risk factors overall and among
the different ethnic groups. The Student t-test was used to determine
significant differences between two groups and the ANOVA to compare
means betweenmore than two groups. Next, we assessed, with binominal
and multi-nominal regression, the association between EFBG levels and
BMI categories with the biological, behavior, consumption, and social
factors. We used the statistical software program SPSS 22 for processing
and P values < 0.05 were considered as statistically significant different.

2.6. Permission

The Ministry of Health granted ethical approval (VG 009–2013) and
the Ministry of Education endorsed this study (KBcp 384). The purpose of
the study was explained, and the management of the schools granted
permission for the participation of their school. The parents or legal
guardians of the pupils gave informed consent for participation.

3. Results

In total 6146 pupils participated and 6144 completed this survey. Due
to the small number of the ethnic groups the Whites (n ¼ 4) and Chinese
(n ¼ 30), we excluded these group from further analysis. We also
excluded a number of 315 children who did not appropriately report
their ethnicity for the analysis's regarding ethnic differences. The pupils
included in this study were from the districts Paramaribo (16.8%),
Wanica (17.8%), Commewijne (18.9%), Nickerie (20.0%), Coronie
(2.2%), Para (17.0%) and Saramacca (7.3%). The general characteristics
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as well as the distribution of the risk factors in the different ethnic groups
are presented in Table 1.

3.1. Body Mass Index

The prevalence of overweight and obesity in boys was 13.0% and
14.8% and in girls 14.8% and 11.9%, respectively. The prevalence of
these conditions among children were 13.5% and 14.7% in the urban
area and 14.2% and 12.7% in the rural areas.

The results from Table 2 illustrate that the biological factors waist
circumference correlated positively with overweight and obesity, and
boys had higher odds for overweight and obesity. In addition, pupils from
a Javanese ethnicity showed a higher odd for both overweight and
obesity. The behavior factor skipping breakfast was positively associated
with being overweight or obese, while frequent physical activity
decreased the odds for both conditions. Peculiarly, daily vegetable con-
sumption and the education level of the mother were positively related
with the odds of developing obesity.

3.2. Elevated fasting blood glucose levels

We obtained 3716 fasting blood samples with a nearly equal distri-
bution between both sexes (boys: 53.2% and girls: 46.8%). The overall
prevalence of diabetes and prediabetes was 0.5% and 4%, respectively.
Both categories were grouped into elevated EFBG in the following
analysis. The mean FBG levels differed slightly among the ethnic groups,
however the prevalence of EFBG was not significantly different among
those groups. Furthermore, the mean FBG levels and the prevalence of
EFBG were not significantly different between the sexes (FBG: boys: 5.0
[95%CI: 5.0–5.1] and girls: 4.9 [95%CI: 4.9–5.0] mmol/L, and EFBG:
boys: 4.7% vs girls 4.3%). Children visiting the primary school in the
rural area had a slightly higher FBG than children visiting the schools in
the urban area (median: 5.1 [95%CI: 5.1–5.1] vs. 4.8 [95%CI: 4.7–4.8]
mmol/L), yet the prevalence of EFBG did not differ significantly between
these areas (rural area: 4.9% vs urban area: 3.8%).

In Table 3 the odds between EFBG levels with several risk factors are
presented. It shows that waist circumference, overweight and obesity
positively correlated with an elevated fasting blood glucose level. In
contrast an inverse relation exists with the frequency of PA.

4. Discussion

This study is the first to assess the distribution of elevated blood
glucose levels, overweight and obesity among primary school children in
Table 1
General characteristics and risk factors identified in participants.

Hindustani
(n ¼ 1706)

Creole
(n ¼ 523)

Javanese
(n ¼ 899)

Age (yrs) Median, [95%CI] 11.9 [11.8–12.0] 12.5
[12.4–12.6]

11.7 [11.6–11.8

Girls (%) 52.5 53.0 47.2
Weight (kg) * Median, [95%
CI]

42.3 [41.6–42.9] 46.8
[45.7–47.9]

42.3 [41.5–43.1

Length (m) * Median, [95%
CI]

1.50 [1.49–1.50] 1.56
[1.54–1.56]

1.47 [1.46–1.47

BMI* Median, [95%CI] 18.6 [18.4–18.8] 19.2
[18.9–19.6]

19.4 [19.1–19.7

Overweight (%)* 14.2 11.9 15.6
Obesity (%)* 15.3 10.7 18.6
WC (cm)* Median, [95%CI] 70.6 [70.0–71.2] 69.4

[68.5–70.3]
68.9 [68.2–69.7

Samples for FBG (%) 64.9 51.0 77.9
FBG (mmol/L)* Median,
[95%CI]

4.8 [4.8–4.9] 4.9 [4.8–5.0] 5.1 [5.0–5.1]

Diabetes (%) 0.2 0.8 0.4
Prediabetes (%) 4.0 3.4 4.2
EFBG levels (%) 4.2 4.1 4.6

BMI: Body Mass Index; WC: waist circumference; FBG: Fasting blood glucose; EFBG (
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these six ethnic groups in a developing country. We evaluated the asso-
ciation of overweight/obesity or EFBG levels with biological factors,
behavior, consumption, and social factors. We found that overweight,
obesity, and waist circumference were positively, whereas frequency of
PA was negatively correlated with EFBG levels. Ethnicity, female sex,
skipping breakfast, lower frequency of PA, higher education level of the
mother and high vegetable consumption were positively associated with
overweight or obesity.

4.1. Overweight and obesity

The prevalence of overweight and obesity estimated in this study is
lower than that of the USA [34] but higher than many European coun-
tries [35]. The results of these studies illustrate regional differences and
emerge the need for regional/country specific interventions. Accord-
ingly, other studies have also reported ethnic disparities among both
children [26,36] and adults [37,38]. In the present study, we see a clear
association of the Javanese ethnic group with obesity. Taking a look in
Indonesia, where the ancestors of these children came from, we also
observe a trend for high rates of obesity [39]. Moreover, differences in
the odds of developing overweight or obesity have been reported at an
age of as young as four years already [40]. All these studies suggest that
ethnic specific intervention for overweight and obesity should start at an
early stage of life.

The WHO PA recommendation for children incorporates duration,
frequency as well as intensity. Previous studies have demonstrated that
intensity and duration of physical activity are inversely related with
overweight and obesity [41]. The results of the present study demon-
strated that frequency of physical activity is inversely associated with
overweight and obesity and suggest that a higher frequency of PA might
be enough to combat overweight and obesity among children. However,
more detailed investigation is needed.

Another behavior that was associated with overweight and obesity
was skipping breakfast, which might involve insulin. It is reported that
skipping breakfast is associated with a higher insulin resistance [42].
Insulin-resistant state is associated with impaired glucose transport and
higher levels of insulin, however, the anti-lipolytic effect of insulin is
relatively preserved which may maintain or expand adipose stores [43].
On the other hand, several other studies have described conflicting re-
sults [44–46] even if the energy intake and nutrient composition were
considered [47]. Our results suggest that breakfast, a factor that can be
controlled easily, needs to be explored in more detail.

Parental education is one of the strongest socio-economic factors that
is associated with childhood obesity [48] and is mostly positively
Maroon
(n ¼ 808)

Amer-indian
(n ¼ 196)

Mixed
(n ¼ 1663)

Overall
(n ¼ 5795)

] 12.6
[12.5–12.7]

12.3 [12.1–12.5] 12.0
[11.9–12.0]

12.0 [12.0–12.1]

56.7 44.9 50.9 51.6
] 44.3

[43.6–45.0]
43.9 [42.4–45.4] 43.2

[42.6–43.8]
43.2 [43.0–43.6]

] 1.53
[1.53–1.54]

1.49 [1.48–1.53] 1.51
[1.50–1.51]

1.50 [1.50–1.51]

] 18.7
[18.5–18.9]

19.5 [19.0–19.9] 18.9
[18.7–19.1]

18.9 [18.8–19.0]

11.9 19.4 13.8 13.9
5.9 7.7 13.5 13.3

] 66.8
[66.2–67.3]

70.1 [68.7–71.4] 69.2
[68.7–69.7]

69.3 [69.0–69.7]

60.1 66.2 63.1 64.5
4.9 [4.8–4.9] 5.1 [5.0–5.2] 5.1 [5.0–5.1] 5.0 [4.9–5.01]

0.2 0.0 0.9 0.5
2.9 3.9 4.6 4.0
3.1 3.9 5.5 4.5

%): Percentage children with elevated fasting blood glucose levels; *p < 0.05.



Table 2
Odd's ratios for biological, behavioral, and social factors regarding overweight and obesity.

OVERWEIGHT OBESITY

OR 95% CI for OR OR 95% CI for OR

Lower Upper Lower Upper

Biological factors
Age 0.467* 0.426* 0.513* 0.229* 0.197 0.266
Waist circumference (cm) 1.321* 1.295 1.347 1.671* 1.621 1.724
Sex
� Girls (reference) 1 1
� Boys 1.582* 1.288 1.945 2.762* 2.019 3.777
Ethnicity
� Hindustani (reference) 1 1
� Creole 1.664* 1.112 2.489 4.295* 2.325 7.932
� Javanese 2.963* 2.128 4.126 8.852* 5.502 14.241
� Maroon 2.731* 1.926 3.871 10.088* 5.606 18.154
� Amerindian 2.058* 1.257 3.369 2.183 0.855 5.574
� Mix 1.689* 1.276 2.236 3.414* 2.273 5.128

Behavior
Having breakfast (reference) 1
Skip breakfast 1.244* 1.039 1.490 1.431* 1.194 1.715
PA < 3x/week (reference) 1
PA � 3x/week 0.806* 0.685 0.949 0.710 * 0.600 0.840
Screen time <2 h/day (reference) 1 1
Screen time �2 h/day 1.032 0.877 1.213 0.939 0.795 1.109
Bedtime �22:00 h (reference) 1
Bedtime >22:00 h 0.908 0.752 1.096 0.875 0.719 1.065

Frequency of consumption
No daily consumption of vegetables (reference) 1 1
Daily consumption of vegetables 1.037 0.882 1.218 1.361* 1.155 1.603
Fruit consumption � 1x/d (reference) 1
Fruit consumption � 1x/d 0.958 0.804 1.142 0.967 0.809 1.156
Dairy products < 1x/d (reference) 1
Dairy product � 1x/d 0.969 0.821 1.143 0.908 0.767 1.076
Snacks � 1x/d (reference) 1
Snack > 1x/d 1.003 0.851 1.181 0.909 0.768 1.077

Social factors
Living in rural area 1 1
Living in urban area 0.878 0.702 1.098 0.987 0.792 1.230
Level of education of mother
� Low (reference) 1 1
� Middle 1.197 0.925 1.549 1.371* 1.058 1.776
� High 1.533 0.974 2.411 1.398 0.869 2.249
Level of education of father
� Low (reference) 1 1
� Middle 1.118 0.871 1.434 0.845 0.663 1.077
� High 1.009 0.603 1.686 0.640 0.373 1.097

1 Adjusted for age and sex; BMI¼ Body Mass Index, *p < 0.05.
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associated with obesity in low-income countries in contrast to high in-
come countries [49]. A previous study reported that higher education
and income are associated with excessive food intake in adults and
adolescence [50]. In the present study, the odds for developing obesity
tend to increase with a higher education level of the mother while they
tend to decrease with the education level of the father. However, only the
mid-level of education was significantly different. A more detailed
assessment is needed to assess parenteral influences especially the
maternal involvement. Differences between maternal and paternal edu-
cation are also reported in several studies which are probably a conse-
quence of cultural and/or regional differences [51,52].

A previous study has demonstrated excessive food consumption
among adults [53]. In the present study we found a positive association
with daily vegetable consumption among children with obesity. We have
collected data only on the frequency of consumption of several products
and no data was available on the total amount and total energy intake. It
might be that daily consumption of vegetable might be associated with
higher intake of food and calories. We suggest assessing diet in children
in more detail in the near future.
4

4.2. Elevated fasting blood glucose levels

The prevalence of EFBG among children found in this study, is com-
parable with the prevalence reported in children and adolescents in Saudi
Arabia [54] but is higher than the prevalence among children in the USA
[55,56] and in China [57,58]. A study among children of comparable age
in India showed that around 5.3% of the children had an elevated
random blood glucose and that there also was a positive correlation with
BMI [59]. The fact that among children suffering from overweight and
obesity in China, the prevalence of Type 2 diabetes and pre-diabetes was
0.28% and 3.30%, respectively [60], while the prevalence among young
adults was only 0.07% in a population study in the USA [61], only
highlight that our findings among the total population is on the high end.
These studies also illustrate differences between countries on the prev-
alence of diabetes mellitus among children while several studies among
adults have demonstrated ethnic differences in the prevalence of diabetes
mellitus as well [62,63]. The association between EFBG, BMI and PA
combined with the absence of a significant difference between the de-
scendants from different ethnic groups hints more to the assumption that



Table 3
Odd's ratios for biological, behavioral, and social factors with respect to elevated
fasting blood glucose.

OR 95% CI for OR

Lower Upper

Biological factors
Waist circumference (cm) 1.017* 1.005 1.030
Sex
� Girls (reference) 1
� Boys 1.056 0.7712 1.445
Ethnicity
� Hindustani (reference) 1
� Creole 0.991 0.502 1.956
� Javanese 1.158 0.728 1.843
� Maroon 0.771 0.421 1.413
� Amerindian 0.933 0.363 2.399
� Mix 1.368 0.917 2.041
BMI
- Normal (reference) 1
- Overweight 1.551* 1.006 2.392
- Obesity 1.763* 1.162 2.673
Age 1.050 0.935 1.181

Behaviora

Having breakfast (reference) 1
Skip breakfast 0.869 0.605 1.249
PA < 3x/week (reference) 1
PA � 3x/week 0.710* 0.510 0.988
Screen time <2 h/day (reference) 1
Screen time �2 h/day 1.056 0.765 1.458
Bedtime �22:00 h (reference) 1
Bedtime >22:00 h 0.954 0.654 1.393

Frequency of consumptiona

No daily consumption of vegetables 1
Daily consumption of vegetables 0.972 0.700 1.348
Fruit consumption � 1x/d (reference) 1
Fruit consumption > 1x/d 1.093 0.773 1.543
Dairy products < 1x/d (reference) 1
Dairy product � 1x/d 0.774 0.551 1.088
Snacks < 1x/d (reference) 1
Snack � 1x/d 1.329 0.962 1.836

Social factorsa

Living in rural area (reference) 1
Living in urban area 0.730 0.471 1.133
Level of education of father
� Low (reference) 1
� Middle 0.929 0.592 1.457
� High 0.528 0.148 1.876
Level of education of mother
� Low (reference) 1
� Middle 0.814 0.509 1.302
� High 1.415 0.589 3.400

a Adjusted for age and sex; BMI¼ Body Mass Index, *p < 0.05.
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behavioral factors may play a more substantial role than the presumed
genetic factors [64,65]. However, this has to be investigated in more
detail, especially since a previous study among adults of the same ethnic
groups as in this study, demonstrated that the prevalence of diabetes was
significantly different among the various ethnic groups [66]. Of note,
changes to non-modifiable factors as hormonal changes during
growth/puberty may also contribute.

Another consideration is that we only found 3 pupils suffering from
type 1 diabetes. This is not in line with international incidence and
prevalence numbers of the disorder. In both developed and underde-
veloped countries type 1 diabetes is the more prevalent form of diabetes
in the studied age group [67–69]. We did not find any plausible expla-
nation for this, but it surely requests further in detail studying of this
phenomenon.

In the present study, waist circumference, which is usually considered
as a parameter for central obesity, was associated with EFBG levels,
overweight and obesity. Other studies also demonstrated that WC is
5

correlated with BMI [70] and with diabetes among adults [66]. So far, we
found no studies that have demonstrated that WC is correlated to EFBG
levels in children and there are no guidelines for the interpretation of
waist circumference in children. Notwithstanding this, the results of the
present study suggest that waist circumference might be useful in the
assessment of the risk for diabetes. A detailed exploration of this asso-
ciation is surely warranted, since only recently cut off points for WC
among children have been established [71,72].
4.3. Limitations

This study did not involve all ten districts of Suriname. Due to
financial restrains, we were able to only cover seven districts of Suri-
name. A possible bias could be expected, since the population in those
three districts are predominantly of Maroon or Amerindian origin and
their culture and habits regarding daily life activities differ from their
counterparts living in the other districts. Roughly estimated only about
12–13% of children live there. However, additional studies in these
districts must be performed to obtain a complete picture of the country.
Furthermore, we used a finger prick to assess blood glucose levels to
avoid more invasive procedure, such as vein puncture, in children.
Another point of consideration is that we could obtain only about 60% of
FBG, due to the time strain and children were not able to keep fasting.
This problem can be overcome in future research with more staff and
equipment that will allow more parallel measurements in a shorter time
period. Finally, we do not have a comparable ethnic group for the Chi-
nese and Whites to make good assessments regarding ethnicity.

5. Conclusion

This study demonstrates that hyperglycemia, obesity, and overweight
are present among children of all the evaluated ethnic groups. These
conditions are affected by non-modifiable factors as sex, ethnicity and
modifiable factors as behavior and social factors. With this report we
provide useful data to develop intervention and we suggest that these
interventions should start during childhood to reduce noncommunicable
diseases in the future. Frequency of PA as a preventive factor and waist
circumference as a predictive parameter in children and influences of
parental education need to be explored in more detail.
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