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Abstract

Objective: Monitoring of healthy children should include precise assessment of their nutritional

status to identify children and adolescents at risk of nutrition disorders. Therefore, the aim of

this study was to assess the nutritional status of healthy children using different nutritional risk

screening tools.

Method: The study sample consisted of 550 participants within the age range of 7�15 years.

Anthropometric characteristics (body mass, height, body mass index) were collected using stan-

dard procedures. In addition, the following parameters were analyzed: fat mass, fat-free mass,

body cell mass, and total body water.

Results: The results revealed that variables such as children's age and sex significantly differen-

tiated the values of selected components of the body composition.

Conclusions: This observation suggests that it is necessary to use different methods to evaluate

nutritional status among healthy children.

© 2021 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
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Introduction

Regular monitoring of healthy children should include nutri-

tional status to identify children at risk of nutrition disor-

ders. The results revealed various disorders in nutritional

status among healthy children.1,2 The above findings are

compatible with the World Health Organization (WHO) long-

term strategy for 2015�2020.3 The European Childhood Obe-

sity Surveillance Initiative program indicates that every

third child attending primary school is overweight (24�57%

boys vs. 21�50% girls) or obese (9�31% boys vs. 6�21%

girls).4 Numerous researchers point to a directly propor-

tional relationship between body mass index (BMI) and

child's age, and the incidence of nutritional disorders in

adulthood.4,5

BMI is the simplest and fastest method used to assess

nutritional status. Unfortunately, simple assessment indices
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can produce unreliable results. BMI is only a measure of

weight relative to height and does not provide information

about total body fat mass (FM). Bioelectrical impedance

analysis (BIA) has been commonly used to assess body com-

position in adolescents and children in a few components

(FM and fat-free mass (FFM), total body water (TBW) consist

of intracellular and extracellular body water (ICW and

ECW).6 BIA can be successfully used in healthy7 and sick chil-

dren,8 as published by the authors’ research team in the last

3 years.9�11

It should be remembered that the dynamics of body com-

position changes vary at different periods of life. Lifestyle,

age, gender, level of physical activity, the menstrual cycle,

body composition and ethnicity, and type of analytical

equipment may affect the level of fatness. In children, an

initial intense increase in "dry body weight" is observed,

which ends at 16�19 years in women and 20�25 years in

men.12 The combination of both methods � screening (BMI)

followed by in-depth assessment (BIA) � can be an effective

compromise in monitoring a child's health.13

Therefore, the aim of this study was to perform an assess-

ment of the nutritional status of healthy children and

selected components of body composition using bioelectri-

cal impedance analysis.

Materials and methods

Ethics

The study was approved by the Institutional Review Board at

the University. The study was conducted in accordance with

ethical standards laid down in the relevant version of the

Declaration of Helsinki (64th WMA General Assembly, Forta-

leza, Brazil, October 2013) and in legal regulations.

Subjects

The study was conducted between March 2016 and April

2018 in southeast Poland. The cross-sectional study included

550 healthy children (262 girls and 288 boys) aged 7�15,

divided into three groups.

The inclusion criteria were as follows: age 7�15 years,

lack of acute or chronic disease that may affect the nutri-

tional status, as well as the lack of contraindications speci-

fied by the manufacturer of the BIA device.

The study group was taken from five schools: primary,

junior high, and high schools from urban and rural areas of

the Podkarpacie, as a part of meetings with parents and

children during social campaigns promoting a healthy life-

style among children and adolescents. Participation in the

study was voluntary and anonymous. The purpose and pro-

cedures of the study were explained. A flow-chart demon-

strating the selection of the study group is presented

in Fig. 1.

Assessments

Anthropometric measurements and body mass index

In all children, body height and weight were measured, and

BMI was calculated. Bodyweight and height were assessed

with an accuracy of 0.1 kg/0.1 cm using a digital scale (Rad-

wag 100/200 OW, Radom, Poland). BMI was calculated as

weight in kg/height in meters, squared (kg/m2). For all

Figure 1 Flow-chart demonstrating study participants' selection.
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participants, BMI fell into one of the WHO categories and

was interpreted using percentile growth charts for height

and weight developed as a part of the nationwide research

projects OLAF and OLA published in 2011. Cut-off points for

BMI using the nationwide OLAF percentile charts of Polish

children (Caucasian) according to the cut-off: BMI � 5 cen-

tile; BMI 6�84 centile; BMI 85�94 centile; BMI � 95

centile.14,15

Table 1 BIA results in the study group of girls and boys.

Param. Age Sex Mean SD sex age sex*age

F p-value F p-value F p-value

FM (kg) 7�9 y Boys 9.89 4.56 17.09 < 0.001 12.96 < 0.001 8.41 < 0.001

Girls 9.92 4.73

10�12 y Boys 10.18 5.69

Girls 11.12 5.03

13�15 y Boys 11.33 6.95

Girls 15.70 7.85

FM (%) 7�9 y Boys 28.65 8.26 45.08 < 0.001 37.87 < 0.001 9.20 < 0.001

Girls 30.06 8.84

10�12 y Boys 21.87 7.30

Girls 25.10 5.69

13�15 y Boys 18.42 7.69

Girls 26.91 6.45

FFM (kg) 7�9 y Boys 23.28 4.66 44.88 < 0.001 395.18 < 0.001 9.46 < 0.001

Girls 21.52 2.66

10�12 y Boys 33.93 6.74

Girls 31.75 6.07

13�15 y Boys 47.34 8.79

Girls 39.93 6.49

FFM (%) 7�9 y Boys 71.35 8.26 45.60 < 0.001 38.33 < 0.001 9.03 < 0.001

Girls 69.85 8.89

10�12 y Boys 78.13 7.30

Girls 74.90 5.69

13�15 y Boys 81.58 7.69

Girls 73.09 6.45

BCM (kg) 7�9 y Boys 11.78 2.58 40.35 < 0.001 371.19 < 0.001 11.50 < 0.001

Girls 10.97 1.90

10�12 y Boys 17.52 3.56

Girls 16.46 3.68

13�15 y Boys 25.68 5.61

Girls 21.23 3.66

BCM (%) 7�9 y Boys 50.47 2.81 0.50 0.480 37.9 < 0.001 1.60 0.199

Girls 50.80 3.40

10�12 y Boys 51.63 2.63

Girls 51.61 2.93

13�15 y Boys 53.98 2.63

Girls 53.12 2.87

TBW (L) 7�9 y Boys 18.15 3.75 143.16 < 0.001 600.26 < 0.001 22.12 < 0.001

Girls 16.71 2.14

10�12 y Boys 28.72 4.17

Girls 25.18 3.31

13�15 y Boys 37.13 5.54

Girls 29.63 3.38

TBW (%) 7�9 y Boys 55.56 6.39 84.55 < 0.001 68.50 < 0.001 12.35 < 0.001

Girls 54.26 6.80

10�12 y Boys 66.90 8.17

Girls 60.17 6.84

13�15 y Boys 64.42 6.72

Girls 54.82 6.81

FM, fat mass; FFM, fat free mass; BCM, body cell mass; TBW, total body water; SD, standard deviation.

Bold characters indicate significant values (p < 0.05).

F test - two-way analysis of variance Anova.
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Bioelectrical impedance analysis

The parameters R (V, resistance) and Xc (V, reactance)

were obtained using the bioelectrical impedance analyzer

AKERN BIA - 101 (Akern SRL, Pontassieve, Florence, Italy).

The results were analyzed using dedicated software (Body-

gram1_31 from AKERN, Pontassieve, Florence, Italy). The

following measures were analyzed: fat mass (FM), fat-free

mass (FFM), body cell mass (BCM), and total body water

(TBW). In order to obtain information on the nutritional sta-

tus of the studied children and the possibility of relating

body composition parameters to the BMI value, the study

applied cut-off points in a 2-level model for FM and FFM.

The original cut-off points of nutritional disorders analyzed

in relation to FM and FFM, proposed by Wells16 that are cut-

off for: � 2nd percentile, 3�91 percentile; 92�97 percen-

tile; � 98 percentile. The equations used by the software to

assess the specific parameters are restricted property of the

company.

Statistical analysis

Statistical analyses were performed using StatSoft software

(Statistica package, version 13.1, SoftStat Corporation,

Poland). Normality of distribution was assessed with the Sha-

piro-Wilk test. The continuous data are presented as mean§

standard deviation (SD). The Mann�Whitney U Test was used

in cases of non-parametric distribution. Obtained values are

presented as median and quartiles. Table 1 assesses the

simultaneous effects of two variables using a two-way analy-

sis of variance Anova. A p-value of < 0.05 was considered an

indication of a statistically significant result.

Results

Table 2 presents the cross-sectional characteristics of basic

anthropometric (body weight, height), impedance (resis-

tance, reactance) and nutritional status (BMI, BMI Z-score)

parameters in three age groups of children. A clear trend

was noticeable in the decrease of resistance and reactance

values with the age of the studied children, which had a sig-

nificant impact on the results of obtained body composition

components.

Table 1 presents the differences in the values of selected

body composition components depending on the age and sex

of the respondents.

Only the relationship with age was significant for this

parameter (the higher the age range, the higher the BCM%

values). In the case of the remaining parameters, both the

age of the respondents and their sex, as well as the simulta-

neous effect of these two factors, had a statistically signifi-

cant influence on its value. FM (kg) increased with age and

was higher among girls than boys. With the simultaneous

influence of these two factors, the highest values were

found among girls in the highest age range. FM% decreased

with age and was higher in girls than in boys. With the simul-

taneous influence of two variables, the highest values

obtained girls in the lowest age range.

FFM kg / FFM% / BCM kg / TBW L increased with age. It

was higher in boys than in girls, the highest in the oldest

boys. In the case of TBW%, the highest values were found in

boys, while the age range was 10�12 years.

Table 3 evaluates the relationship between BMI values

and body composition parameters FM and FFM. Among girls,

BMI values above 91 percentiles were most common at the

age of 10�12 and 13�15. FM values above normal (above 91

percentile) were evenly distributed across all age groups.

Increased FFM values (above 91 centiles) were most pro-

nounced in 10�12-year-olds and 13�15-year-olds. A similar

trend was observed in the group of boys studied, both for

BMI and FM. Increased FFM values above 91 centiles were

evenly distributed in all age groups, slightly dominating in

the 10�12 year age range.

Discussion

The analysis of the characteristics of anthropometric param-

eters in the group of studied children revealed a physiologi-

cal increase in body weight, height and BMI, which is

consistent with current knowledge in the field of physiology

and anatomy. The study by Wang et al.17 conducted in a

group of 255 healthy children, showed that the mean BMI,

weight and height values were higher in boys than in girls.

Numerous researchers point to the general trend of

a directly proportional relationship between the age of

Table 2 Anthropometric parameters of the study participants.

Parameter Group

7�9 y (n = 140) 10�12 y (n = 271) 13�15 y (n = 139)

Median Q1 Q3 Median Q1 Q3 Median Q1 Q3

Weight (kg) 31.0 27.3 36.0 41.0 36.0 49.3 55.0 47.8 64.0

Height (cm) 135.0 130.5 139.3 150.5 144.0 156.0 164.5 158.5 170.5

BMI (kg/m2) 16.9 15.4 19.4 18.4 16.7 20.9 19.8 18.3 22.6

BMI Z-score �0.66 �1.07 0.04 �0.24 �0.70 0.45 0.15 �0.26 0.92

R (Ohm) 712.0 671.0 761.0 672.5 626.0 731.0 599.0 548.0 664.0

XC (Ohm) 67.0 62.7 73.0 66.7 61.0 72.0 62.6 57.0 67.8

PA 5.4 5.1 5.7 5.6 5.3 5.9 5.9 5.7 6.3

BMI, body mass index; BMI Z-score, body mass index Z-score; R, resistance; XC, reactance; PA, phase angle.

Values are presented as median and quartiles (Q1, quartile 1; Q3, quartile 3).
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children and the BMI value, and the incidence of eating dis-

orders in adulthood.4,5 Sandhu et al.18 observed that chil-

dren with a higher BMI have higher anthropometric

measurements in adult life. In addition, high BMI values may

result in earlier puberty, growth retardation, and interrup-

tion of the process of acquiring a slim figure.

The presented study shows that every second examined

child displays energy over-intake in relation to their necessi-

ties that cause overweight, while only every fifth child shows

excessive fat value. The above difference may indicate the

unreliable classification of children using BMI. The index

does not capture constant changes in the child's develop-

ment at the cellular level, muscle development, skeletal

resorption, and increase in cell mass due to it relying solely

on anthropometric measurements.

The present study showed a cyclical increase in body com-

ponents with age. Boys demonstrated an increase in all body

composition parameters analyzed. In the group of girls, all the

components of the body composition also increased, however,

the parameters of fat-free mass stabilized with age. The excep-

tion to the rule was the percentage of FM, which decreased

with age and was higher in girls than in boys. The obtained

results prove physiological weight gain with age, including indi-

vidual components of body composition. An important finding

is the percentage differentiation of body mass components

depending on the period of growth of the child's body. Despite

the proportional increase in FM, the inverse relationship of this

parameter is visible in percentages. Despite the relatively low

number of study participants, the authors’ findings are in line

with the study by Marques-Vidal et al.19 analyzing FM in the

group of children and adolescents (aged 10�18 years), which

found a decrease in the percentage of this parameter with age

for both sexes. In addition, girls in each age group had higher

FM values compared to the boys surveyed.

During adolescence, the differences in distribution are

related to gender. Girls gain a relatively large amount of FM

during puberty, while boys gain relatively large amounts of

FFM. Additionally, girls during adolescence generally show

excess gynoid fat pattern and fat deposition on the hips and

thighs, while boys may display android fat distribution and

fat deposition on the abdomen.20 An important factor is a

physical activity which influences body composition. Rinaldo

et al. found in the group of boys (aged: 12.2§ 0.4 years)

that after 10 weeks of systematic training there was a signif-

icant increase in FFM and a significant decrease in FM.21 In

the present study, a comparative analysis of nutritional dis-

orders was used, represented by BMI, FM and FFM in selected

age groups. Excessive body weight, estimated with BMI, was

found in half of the studied children (67.4%), where over-

weight children (92�97 percentiles) were 45% (girls) and

44.8% (boys), respectively. The studied group of obese chil-

dren (� 98 percentiles) included 17.6% (girls) and 27.1%

(boys). These disorders were distributed proportionally in

the studied age groups. The above results were higher than

in previous observations nutritional status of Polish children

and youth.22 Worldwide research indicates malnutrition to

be at 8.4% (girls) and 12.4% (boys), with an overweight and

obesity rate of 13.7�31.7%.23 As a result of the lack of

reports on the direct reference of BMI values to body compo-

sition analyses in the Polish children population, the pre-

sented analysis directly compared the results of potential

overnutrition/ malnutrition (BMI) with the values of the
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actual body composition (FM, FFM) in the examined chil-

dren, using available percentile grids.

Despite these arrangements, the present study presents

some new data and interesting findings which may indicate

the directions of future long-term prospective research. The

authors suggest, according to specialist recommendations

and the authors’ findings, that body composition analysis

should be treated as a complementary screening assessment

method, especially as a support for the assessment of nutri-

tional status expressed by BMI.

In the future, the authors are planning to conduct nutri-

tional studies and body composition analysis among new-

borns, infants and young children. Meanwhile, a thorough

assessment of the body composition in these age groups

seems to be essential for research into the nutritional or

developmental causes of obesity among the smallest pediat-

ric patients.

Limitations

Despite the authors’ best efforts and inclusion in the present

study of as many participants as possible, the relatively low

number of study participants is the most important limita-

tion. This study has some other limitations, with a slight dif-

ference in the cut-off point for the FM and FFM centile

charts proposed by Wells16 with reference to the BMI cut-off

point of OLAF centile charts.14 In addition, the studied group

of children has not analyzed a nutritional status with regards

to the pubertal status, stage of the menstrual cycle or physi-

cal activity level.

Conclusions

Individual components of the body composition increase

with the age of children. Gender differentiates these values,

girls have higher values of fat mass, while boys have higher

fat-free mass. As a result of differences in nutritional status

assessment with BMI in relation to actual body composition

values, screening and in-depth methods should be combined

for precise screening of child development.
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