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BIOIMPEDANCE ANALYSIS OF BODY COMPOSITION IN THE DIAGNOSIS OF PHYSICAL DEVELOPMENT
DISORDERS IN CHILDREN AND ADOLESCENTS

Gavryushin MYu ™, Sazonova OV, Gorbachev DO, Borodina LM, Frolova OV, Tupikova DS, Berezhnova OV, Trubetskaya SR
Samara State Medical University, Samara, Russia

Traditionally, anthropometric method is used in clinical practice for the diagnosis of excess body weight. Obesity is the excess development of primarily visceral and
subcutaneous adipose tissue, which can be diagnosed by bioimpedance analysis (BIA). The study was aimed to assess the role of BIA of body composition in the
diagnosis of the physical development disorders in children and adolescents. Anthropometric assessment and BIA were performed in 431 Samara school students
aged 12-16 of the health status groups | and Il (230 boys and 201 girls). The results were analyzed with the use of the regional regression scores, BAZ indices,
and the body fat percentage values. The results of estimation using the regression scores showed that 22.61% of boys and 23.43% of girls were overweight, while
more than 2/3 of the sample had a normal pattern of physical development. The BAZ indices revealed a significantly higher proportion of overweight children among
boys (25.7%), than among girls (11.5%, p < 0.01). The body fat percentage fluctuations based on the BIA data were found not only in children with disharmonious
physical development, but also in 60% of children with normal body weight. Moreover, the data of BIA confirmed the body weight fluctuations, revealed with the
use of the regression scores, in the significantly larger number of cases compared to the low body weight and excess body weight, diagnosed based on the BAZ
indices. Accordingly, anthropometric analysis with the use of the regional regression scores may be used at the baseline for the early diagnosis of the nutritional
status disorders in children. To confirm overweight and obesity in children, as well as to provide further treatment, the reliable method for estimation of the body
fat content is required, which may be the method of BIA.
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BMOUMIMEQAHCHbBIA AHANTU3 COCTABA TEJNIA B OUATHOCTUKE HAPYLLEHUNA
®U3NYECKOIO PASBUTUA OETEN N NOOPOCTKOB

M. 1O. lMaeprowmnH =, O. B. CazoHoga, [. O. lopbades, J1. M. BopoguHa, O. B. ®ponosa, [. C. Tynvkosa, O. B. BepexHosa, C. P. TpybeLikas
Camapckuii rocyaapCTBeHHbIN MeauUMHCKNIA yHBepcuTteT, Camapa, Poccus

B knuHn4eckoln npakTvike Ans AMarHOCTUKM M3BbITOYHOM MacChl Tena 1 OXKMPEHUs TPaANLIMOHHO MCMOMb3YIOT aHTPOMOMETPUHECKUIA MeTod,. OXunpeHne — aTo
130bITOYHOE Pa3BUTVE MPEXAE BCEro BUCLIEPAIbHON 1 MOAKOXHOW >KNPOBOM TKaHN, KOTOPOE MOXET ObITb ANArHOCTMPOBAHO METOAOM G1OMMNeaHCOMETPUN
(BUA). Lenbto ncenepoBaHns 6bi1o OLEHUTL PONb B1MOMMMeNaHCHOrO aHanMda cocTaBa Tena B AMarHOCTUKE HapyLUeHWin (n3nYecKoro passutua Oetein v
noapocTKoB. [poBeaeHo aHTponoMeTpryeckoe 1 bronmMneaaHcoMeTpryeckoe obcnepoBaHne 431 camapckoro WkonbHuka | 1 Il rpynn 300poBbs B BO3pacTe
12-16 net (230 mane4mkos 1 201 geBO4Ka). AHaNM3 Pe3ynsTaToB MPOBOAWIN MO PErMOHabHBIM LIKaiaM perpeccun, nokasareno BAZ v gone »xmposoi
Macchl. Pe3ynstaTthl OLeHKM MO LKanam perpeccum BbisBuam 22,61% manbinkoB 1 23,43% [eBOYeK C M3ObITOYHOM Maccol Tena, npw aTom 6onee 2/3
BbIOOPKM UMeNn HopMmaneHoe randeckoe passutre. MNokasatens BAZ BbisiBIA 3HA4MMO 60oMbLLEE HMCO AETEN C M3ObITOYHON MAccom Tena cpean ManbHMKoB
(25,7%), 4em cpeon aeso4ek (11,5%, p < 0,01). OTKNOHEHWS 4O XMPOBO Macchl MO AaHHbIM BIA onpeneneHs! He TONLKO cpean AETel C ANCrapMOHNYHbBIM
hursmnyeckm passuTreM, Ho 1 cpeam 60% LeTei ¢ HopManbHON Maccoi Tena. [MNpy 3TOM BbISIBNEHHbIE MO LUKaNiaM perpeccu OTKIOHEHVS Macchl Tena AaHHble
BVA nopteepkfan B 60MbLLEM HMCAE Cy4aeB, HEXXENN AMarHO3bl M3ObITOYHOM UM HEAOCTATOYHOW MacChl Tena, nony4eHHble No nHaekcy BAZ. Vicxoad va
3TOro, NepBOHaYaNbHO, A1 CBOEBPEMEHHON ANArHOCTUKI HApYLLEHWUIA HYTPUTUBHOIO cTaTyca y AeTel, MOXKET ObITb MCMONb30BaH aHTPOMOMETPUHECKIMIA aHaNN3
C NMPUMEHEHNEM PErvoHanbHbIX LKan perpeccuy. [Ons noaTBepxaeHUs N3ObITOYHOM MaCChl Tena 1 OXUPEHUst y AeTel, a Takxe ONs LanbHerwen Tepanim
HEOBX0AMM AOCTOBEPHbI METOZ, OLIEHKM XKIMPOBON COCTaBASAOLLEN OPraHn3ma, B Ka4eCTBe KOTOPOro MOXET BbICTynaTtb MeTog BUAA.

KniouyeBble cnosa: rvrueHa Aeten 1 nogpocTkoB, (r3nHecKoe pasBuTue, NHOAEKC MacChbl Tena, LKasbl perpeccum, brorMmneaHcHbIN aHanma
®uHaHcupoBaHue: pabdoTa BbinosiHeHa Npv noaaep»kke rpaHta MNpeanpgeHta PO (MK-5809.2021.3).
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Physical development is an essential criterion of the
comprehensive health assessment, performed during the
routine check-ups of children and adolescents, which reflects
the impact of the complex set of factors [1-3]. According to
the research, carried out in the regions of our country, a little
over 60% of boys and about 67% of girls are characterized by
the harmonious physical development. Disharmonious physical
development is due more to the excess body weight, which is
found in 18% of boys and 14% of girls [3-6]. The importance of
the excess body weight issue is defined by high prevalence of
pathological conditions and complications, high risk of obesity
with comorbidities, resulting in the young patients' disability [7, 8].
Traditionally, anthropometric method, involving the analysis of
the results obtained by the standard measurement of height and
body weight, as well as the calculation of the estimation indices,
mostly the body mass index (BMI), is used in clinical practice
for the diagnosis of excess body weight [9]. The World Health
Organization has developed the BMI maps for children and
adolescents aged 2-19 to analyze the calculation results [10].
In addition, the weight to height ratio could be assessed using
the regression scores, centile charts, and sigma deviations [10].

Obesity is an excess development of the visceral and
subcutaneous adipose tissue rather than the total body fat mass
[11-13]. Despite the positive correlation between the BMI and
the child's anthropometric data, BMI does not reflect the actual
body fat percentage, which is continuously changing in children
during various age periods. The example of such period is the
childhood intensive period of growth, when BMI may indicate
the normal weight to height ratio, and the actual fat mass
may be underestimated, which could result in the erroneous
interpretation of the study results [8, 14]. In this regard, the use
of the anthropometric method only as the diagnostic criterion of
overweight and obesity could be questionable. Moreover, low
comparability of the research results may be the consequence
of the use of different anthropometric diagnostic parameters
[3,6,9, 15].

In contrast, biophysical methods ensure higher accuracy
of the results when measuring the body weight characteristics.
Bioimpedance analysis (BIA) of body composition has become
the most widely used method. BIA is based on the difference
between the resistance (impedance) values of the fat mass and
fat-free (lean) body mass, as well as on the total body water
and body composition. The assessment results are used in
clinical practice to analyze the nutritional status and nutrient
intake, the risk of metabolic syndrome, obesity, disorders of
cardiovascular system and other systems of the body; the
results are also used as the diagnostic criteria for estimation of
the therapy efficacy in patients with various diseases [16-19]. For its
part, comparison of the results of bioimpedance measurement
of the fat mass as a percentage of the body mass and BMI
in healthy children shows that a broad range of the body fat
percentage values corresponds to the same BMI values [20].
Thus, the use of data, obtained by BIA of body composition,
in combination with the anthropometric data as the diagnostic
criteria for the abnormal patterns of the children's physical
development needs to be studied.

Table 1. Criteria for assessment of the children's physical development
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The study was aimed to assess the role of BIA of body
composition in the diagnosis of the physical development
disorders in children and adolescents.

METHODS

The cross-sectional cohort study of the prevalence of physical
development disorders among the secondary school students
of the general educational institutions in Samara based on the
anthropometric and bioimpedance measurement data was
carried out. The children were examined at their educational
institutions from March to May 2021, with interruptions for
spring vacation (March 22-28) and public holidays. A total
of 431 children aged 12-16 (the median age was 13 years
8 months) were examined: 230 boys (53.4%) and 201 girls
(46.6%) of grades 5-9 of the general education schools.

Inclusion criteria: age 12-16 years, permanent residence
in the territory of Samara region; compliance with the health
status group | or Il based on medical documentation; informed
consent to the study participation submitted by parents
(legal representatives). Exclusion criteria: age at the time
of examination less than 11 years 6 months and one day
or over 16 years 6 months and one day; chronic disorders;
taking medications; prominent limb swelling; permanent
residence outside of Samara region; no informed consent to
participation or refusal of participation provided by parents
(legal representatives).

Anthropometric indicators were measured in the following
way: body height was measured with the MSK-233 stadiometer
(Medstalkonstruktsiya; Russia) to within 5 mm, and body
weight was measured with the VEM-150-A1 medical scales
(Massa-K; Russia) to within 50 g. Body composition was
defined by BIA using the ABC-01 internal environment analyzer
(Medass; Russia) with the current probe frequency of 50 kHz
in accordance with the tetrapolar electrode scheme, involving
electrode positioning on the wrist and ankle when the subject
is in the supine position. Examination was not preceded by
intense physical activity, eating or drinking. Room temperature
was controlled in the rooms, where the examination was
carried out.

The children's physical development was assessed based
on the height to weight ratio in two different ways. The first
method involved estimation of physical development with the
use of the regional regression models, fitted with body weight
as dependent variable and height, developed for Samara
region [21]. The second method involved calculating the BMI
for age Z-score (BAZ), and the resulting values were analyzed
in accordance with the WHO standards [10] using the WHO
AnthroPlus software (2009) (WHO; Switzerland) [22]. BMI was
calculated as the child's weight (kg) divided by the square of
height (m2). Nutritional status was further assessed based on
the data obtained by BIA of body composition, the body fat
percentage (%BF). The criteria for the estimation of the results
are presented in Table 1.

The raw data were acquired and stored using the Microsoft
Excel 2013 software (Microsoft; USA). Statistical processing

Assessment methods

Indicator
BAZ, SDS [10]

Regression scores, oR [22] BIA, %BF [23]

Underweight <-2.0

<-1.0 < 15" percentile

Normal development from -2.0 to +1.0

from +1.0 to +1.5 from 25™ to 75" percentile

Overweight from +1.0 to +2.0

>+1.5 from 85™ to 97" percentile

Obesity >+2.0

- > 97" percentile
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Table 2. Distribution of anthropometric indicators based on the BAZ indices in the studied sample of school students

Z-score
Studied group
<-2.0 from -2.0 to -1.0 from -1.0 to +1.0 from +1.0 to +2.0 >+ 2.0
Boys, abs. (%) 4(1.7) 16 (7) 131 (56.9) 59 (25.7) 20 (8.7)
Girls, abs. (%) 3(1.5) 32 (15.9) 124 (61.7) 23 (11.5) 19 (9.4)
All examined children, abs. (%) 7(1.6) 48 (11.1) 255 (59.1) 82 (19.1) 39 (9.1)

Note: normal values are highlighted

of the results was performed by the analysis of variance with
the Statistica 13.1 software package (StatSoft Inc.; USA).
Statistical significance of the differences was analyzed using the
Pearson's yx? test. The differences were considered significant
when p < 0.05.

RESULTS

Analysis of anthropometric traits in the studied group of children
showed that the gradual increase in the height was observed
both in boys and girls aged 12—-16. In view of the fact that body
weight is a dynamic parameter, depending primarily on the
actual nutrition and the levels of physical activity, the analysis of
dynamic changes in this trait has revealed no gradual increase
with age and has reflected the correlation of the mean values
with the percentage of children with the physical development
disorders in the specified age group (Fig. 1).

Thus, when assessing physical development using the regional
regression scores, it was found that more than 2/3 of the examined
school students were constituted by children with the normal pattern
of physical development, while the percentage of children, who's
body weight deviated from the reference values, was 30.44% in
boys, and 38.36% in girls. However, the percentage of overweight
children in boys and girls was the same (22.61% and 23.43%), and
the proportion of underweight children was higher in the group of
girls (14.93%), than in the group of boys (7.83%, p < 0.01).

Estimation of physical development based on the BAZ
indices showed that in the studied group, children with normal
body weight (70.2%) prevailed among both boys (147/230,
63.9%), and girls (157/201, 77.6%). Low body weight was
found in seven children (1.6%) in the studied sample: four boys,
and three girls. Excess body weight and obesity were revealed
in less than one third of the surveyed children (in 19.1%, and
9.1%, respectively). Furthermore, there were no significant
differences in the percentage of obese children among boys
and girls (p = 0.207), while the proportion of overweight children
was significantly higher in boys, than in girls (o < 0.01). Severe
obesity (BAZ > +3.0) was found in three boys, and two girls
(Table 2).

Comparison of the results, obtained by assessing physical
development in accordance with the regional scores and the

Height (cm)

175

170 /
165 /
160 /

155

150
12 13 14 15 16

—— Boys — Girls

WHO standards (BAZ, Z-score), showed that Z-score revealed
a significantly larger number of overweight and obese children
among boys (p < 0.01). Regression scores revealed the
insignificantly higher proportion of underweight boys (o = 0.285)
and the significantly higher proportion of underweight girls
(o < 0.01) (Fig. 2).

Based on the BIA data, a half of children in the studied
sample had the excessive fat content. Furthermore, excess
body weight was found in 42.2% of boys and 40.8% of girls,
and obesity was found in 6.5% and 7.5%, respectively. Based
on the %BF, 6.1% of boys and 3.5% were underweight. Thus,
BIA of body composition in children revealed a normal body fat
percentage, appropriate for age, gender, and anthropometric
data, only in a half of the surveyed children, which made up
45.2% in the group of boys, and 48.3% in the group of girls
(Fig. 3).

When assessing body fat percentage in children with
various levels of physical development based on the regression
scores, the following was found: in the group with normal
physical development, the proportion of children with normal
body fat percentage was 40%, while 44.7% of the surveyed
individuals had excess fat content, and about 16.8% had low
fat content. In the group of overweight children, high fat content
values were found only in 72.7% of cases, which was indicative
of the excess in other body weight characteristics (skeletal
muscle mass, total body water, etc.) in 27.3% of children in this
subgroup. The surveyed underweight children had a low body
fat percentage in a half of cases (Fig. 4).

Studying the nutritional status in children with the relevant
BAZ characteristics revealed 39.7% of surveyed individuals
with normal body fat percentage; 21.9% of children had the low
body fat percentage, and 38.2% of children had the excess body
fat content. Among the surveyed children with BAZ between
+1.0 and +2.0 Z-score (overweight), excess body fat percentage
was revealed only in 56.1% of cases, 36.6% had a normal body
fat content, and 7.3% had a low fat content. Obesity, defined
based on BAZ, was confirmed by the %BF values in 16.7% of
cases, and low body weight was confirmed in 71.4% of cases of
the appropriate subgroup of the sample (Fig . 4).

Thus, body weight aberrations, diagnosed based on the
regional scores, were confirmed by the data of BIA in the

Body weight (kg)
70
65
60
55
50
45
40
12 13 14 15 16
— Boys e GilrlS

Fig. 1. Age-dependent changes of anthropometric indicators of physical development in the studied sample of children
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90 22.61 23.43

Girls

Boys
Regression scores (%)

B Underweight

B Normal development
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25.7

Girls

Boys

BAZ (%)

Overweight [l Obesity

Fig. 2. Comparison of the results of the physical development assessment with the use of regression scores and BAZ indices in the groups of boys and girls,

constituting the studied sample

significantly larger number of cases compared to the results of
the assessment based on the BAZ indices (82/431, 19.7% and
61/431, 14.15%, p < 0.05).

DISCUSSION

Our research, focused on studying the anthropometric
indicators, involving the assessment of the school students
aged 12-16 based on the regression scores, as well as on the
calculated BAZ indices and %BF values, revealed numerous
overweight and obese children. When using the anthropometric
diagnosis methods, the most pronounced fluctuations of body
weight, including the upward (excess weight) and downward
(underweight) bias, were identified by assessment, involving the
use of regression scores. It is interesting to note that when using
the body fat percentage values obtained by BIA as a criterion of
excess body weight instead of the results of estimation based
on the regional standards and BMI, the proportion of children,
who could be diagnosed with overweight and obesity, changed
significantly. No significant differences in the number of children
with the normal pattern of physical development and children
with body weight fluctuations between boys and girls were
revealed based on the %BF values. Furthermore, BIA made it
possible to reveal a large proportion of overweight and obese
children among the individuals with the normal pattern of physical
development (based on the regression scores and BAZ indices).

The period of development between 12-16 years of age is
a critical period, when the risk of obesity increases by several

Boys

Normal
Overweight 42%
45%

Underweight
6%

Overweight
7%

Fig. 3. Distribution of %BF in the groups of boys and girls, constituting the studied sample
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times [7, 24]. Moreover, 60% of children with excess body
weight in adolescence would be obese in adulthood, with
the more severe course of obesity, prominent body weight
increase and high prevalence of comorbidities, in contrast to
the adult-onset obesity [7, 25]. That is why the early detection
of premorbid conditions, aimed at adjusting the child's diet and
daily routine, is a crucial step in preventive medicine in terms
of obesity prevention. According to our study, the results of
which are in line with the results, obtained by other researchers
[5, 6, 9], the anthropometric trait assessment results could be
considered the most important criteria to be used in the routine
check-ups, allowing one to refer the child to endocrinologist
and nutritionist, and if necessary, for further treatment.

However, the findings showed that only 2/3 of the school
students, diagnosed with overweight with the use of anthropometric
techniques, had the excess body fat content. Nevertheless,
body fat percentage was normal in one third of children in the
surveyed sample, and no therapeutic interventions were required.
Therefore the method of BIA, allowing one to detect changes not
only in the body fat mass, but also in all the fat-free (lean) body
mass components, could be considered the diagnostic method,
allowing the specialists to start treatment, such as diet therapy, and
to dynamically monitor the efficiency of the interventions.

Close practical links between the BIA of body composition
and the anthropometric assessment of young patients were
frequently discussed in scientific literature [19, 26, 27] with the
emphasis on the high level of accountability of the biophysical
method. Unfortunately, the diagnostic significance and the

Girls
Overweight
41%
Normal
development
48%
Underweight 4% Ove;‘f,’/f'ght
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100
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80
37.50 35.95
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60 36.59
50 50.91 61.11
40
30
20
10
0
Normal Overweight Underweight Normal weight Overweight Obesit: Underweight
development 9 9 9 9 y 9
Regression scores (%) BAZ (%)
B Underweight B Normal weight Overweight B Obesity

Fig. 4. Comparison of %BF distributions depending on the levels of physical development when using regression scores and BAZ indices in the studied sample

criteria for the BIA results interpretation in combination with
the anthropometric data have not been reflected in the federal
guidelines on the diagnosis and treatment of obesity, which
hampers the practical application of the method.

CONCLUSIONS

The study of anthropometric traits in the Samara school
students aged 12-16 has revealed a significant proportion
of children, having problems with physical development. The
highest proportion of children with body weight fluctuations has
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