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ANTHROPOMETRIC MARKERS AS CORRELATES OF METABOLICALLY
UNHEALTHY PHENOTYPE OF CHILDREN IN NORTH ASIA

Balzhieva V.V., RESUME
Bairova T.A.,
Rychkova L.V. Introduction. Stratification of anthropometric indices to identify metabolically un-

healthy phenotype in Mongoloid adolescents with different weight status carried out.
The aim. To identify anthropometric parameters that differentiate between metaboli-
cally healthy phenotype (MHP) and metabolically unhealthy phenotype (MUHP) in ad-
olescent northern mongoloid populations.
Materials and methods. A single-center cross-sectional study conducted
in 02.2015-10.2016 in the territory of the Republic of Buryatia and Irkutsk region:
anthropometric examination and determination of blood glycemia level, lipido-
gram analysis, calipometry and measurement of girth parameters. In total 227 chil-
dren were selected for the study: 137 boys and 90 gitls.
Results. All adolescents with metabolically unhealthy phenotype had abnormal HDL lev-
els. Comparison of anthropometric parameters and indices in samples of boys with meta-
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not reveal statistically significant differences between girls with MHP and MUHP. The most
informative parameters of metabolically unhealthy phenotype in Asian boys are visceral
obesity index (AUC = 0.92), SDS BMI (AUC = 0.73), abdominal subcutaneous fat thickness
(AUC = 0.73) and on the anterior surface of the upper arm (AUC = 0.74). The optimal SDS
BMI cutoff value for predicting metabolic disorders is 2.29 c.u; abdominal subcutaneous
fat thickness more than 3.5 cm and on the anterior surface of the upper arm more than
1.0 cm. Northern Mongoloid girls had the largest areas under the curve for visceral obesity
index (AUC = 0.84), hip circumference (AUC = 0.7) and taper index (AUC = 0.7).
Conclusion. Visceral adiposity index in adolescents of both sexes is the most informa-
tive indicator of metabolic abnormalities. For North Asian boys SDS BMl is a good indi-
cator for verification of metabolically unhealthy phenotype. For girls, hip circumference
and taper index can used to screen metabolically unhealthy phenotype.
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PE3IOME

BeedeHue. [lposedeHa cmpamuguKkayus aHmponomempuyeckux nokazamesneli
0714 8blAs/IeHUA Memabonuvecku He300po80o20 (heHoMuUNA y NOOPOCMKOB-MOH20/10-
U008 C pa3HbLIM CMamycom gecd.

Lens. [Touck aHmponomempu4eckux hapamempos, N03801souuUx ougdepeHyupo-
8amob memabosiudecku 300posvbiti peHomun (M3®) u memabonuyecku He300po8sbil
¢eHomun (MH3®), y nodpocmkos — cegepHblx MOH20/10UQ08.

Mamepuanel u Memo0dbl. OOHOUeHMPOoBOe KPOCC-CEKYUOHHOe Ucc/iedo8aHue npo-
gedeHo 8 02.2015-10.2016 22. Ha meppumopuu Pecnybnuku bypamusa u Vipkymckot
obnacmu: aHmponomempuuyeckoe 06¢cs1edo08aHue U onpedesieHUe ypOBHA 2/IUKeMUU
Kpo8U, aHasau3 unuodoepamMmel, KaiunoMmempus u usmepeHue 06xg8amHelx ndpame-
mpos. imozo 8 ucciiedosaHue omobpaHsl 227 demeti: 137 mane4ukos u 90 0egoyex.
Pesynomamel. CpasHeHue aHmMponoMempuyecKux napamempos U UHOEKCo8
8 8bIOOPKAX MAJILYUKOB C MemabouydecKUMU HapyweHUAMU NoKAsaau cmamuye-
cKku 3Haqumele paznuydusa OT, Ob, OT/Ob, monwuHbl NOOKOXHO-XKUPOBOU Kiemyamku
80 8CeX U3mepAeMbIX JIOKAYUAX U UHOEKCAa OKpy210cmu y Masibyukos ¢ u3bbimoyHoU
maccoli mena. AHANO02UYHbIU aHANU3 y 0esoyek U3yddeMblxX epynn He 8blasusl cma-
mucmuyecku 3Ha4uMbix pasauduli mexoy desoukamu ¢ M3® u MH3®. Haubonee uk-
hopmamusHbIMU napamempamu Memabosiudecku He30oposo20 heHOMUNA y Maslb-
YUKO0B8-a3Uuamos A8/50mcs UHOeKC 8ucuepanbHozo oxuperus (AUC = 0,92), SDS UMT
(AUC = 0,73), monwuHsl NOOKOXHO-Xuposol Knemyamku 8o3sne nynka (AUC = 0,73)
U Ha nepedHeli nosepxHocmu nieda (AUC = 0,74). OnmumarbHoe 3HayeHue omceyku
SDS VIMT 0na npozHo3uposaHus memabonuydeckux HapyueHuti cocmasnigem 2,29y.e.;
MOIUWUHbI NOOKOXHO-XUPOoBoU K/lemyamku 80371e nynka 6osee 3,5 cm u Ha nepedHel
nosepxHocmu njeda 6osnee 1,0 cm. Y 0esouek-cegepHbix MOH20/10U008 HAUbOIbLWUE
naowaou noo KpueouU 0718 UHOeKC sucyepanbHo2o oxupeHus (AUC = 0,84), okpyxHo-
cmu 6edep (AUC = 0,7) u uHOekca koHycHocmu (AUC = 0,7).

3aknioyeHue. VIHOeKc 8UCYUepasibHO20 OXUpPeHUs y nodpocmKos oboux Nosos Ae-
Ji5emcs cambiM UHOPMAMUBHbIM nokasamesem Memabosuyeckux omkaoHeHud.
J1na manvb4ukos-cesepHbix azuamos SDS IMT — xopowuti nokazamesnb 0715 eepucu-
Kayuu memabosudecku He300p08o20 heHomund, 0/19 0e80YeK — OKPYXHOCMb 6edep
U UHOEKC KOHycHOCmu.

Knroueewie cnoea: aHmponomempusi, 0emckoe oxupeHue, moauuHa KoXHoU CK1ao-
KU, (heHOmMUNbI OXKUPEeHUs, UHOEKC 8UCUEepaTbHO20 OXUPeHUS, SMHUYecKue epynnbl
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INTRODUCTION

Childhood obesity is a global problem due to the in-
creasing prevalence of obesity in regions that previous-
ly had traditionally low rates of overweight and obesity.
In East and South Asia, there has been a steady increase
inthe prevalence of overweightamong both boys and girls,
from 0.7 % (0.4-1.2) in 1975 to 5.6 % (4.8-6.5) in 2016
in girls and from 0.9 % (0.5-1.3) to 7.8 % (6.7-9.1) in boys,
respectively [1]. China and India, countries with a lower
prevalence of obesity, are registering a paradoxical in-
crease in the number of patients with diabetes mellitus
[2]. The according to N. Kapoor [3], this paradox is largely
due to altered body composition with increased viscer-
al adipose tissue and decreased muscle mass, resulting
in a unique phenotype of «obesity with normal weight».

The normal weight obesity phenotype defined as the pres-
ence of an increased percentage of body fat in an individual
with a normal body mass index (BMI) [4]. This obesity pheno-
type, independent of BMI, is associated with the risk of car-
diometabolic disorders [5], insulin resistance [6] and has a di-
rect association with a high risk of cardiovascular mortality [7].

Based on 3D-visualization results, the East Asian chil-
dren have a higher percentage of body fat than the Cau-
casian children with equivalent BMI [8, 9]. Similar to stud-
ies conducted in an adult cohort, Zhao Y. et al. [8] suggest
the possibility of a high risk of obesity-related metabolic
dysfunction in the Asian children at lower BMI values [8].
The Asian populations (Indonesians of Malay and Chi-
nese origin, Singaporean Chinese, Malays and Indians,
and Hong Kong Chinese) had higher percentages of body
fat at lower BMIs compared with the population of the Eu-
ropean countries. At the same BMI, their percentage of ab-
dominal obesity was 3-5 % points higher [9].

Anthropologically, the Buryats are typical represen-
tatives of the Central Asian type of mongoloids. They
live on the territory of Northern Asia, a region of tem-
perate and cold climate. Cold stress determines the for-
mation of animal husbandry type of farming, disposing
to high-calorie diet with high specific content of pro-
teins and fats [10].

According to the All-Russian census in 2020, there
are 295,273 thousand Buryats in Buryatia, including
48,106 thousand children and 43,686 thousand ad-
olescents. Most of the available studies have been
conducted with the participation of Western Asian
populations. For a complete scientific understand-
ing, it is necessary to study the metabolic phenotypes
of obesity in other ethnonym:s.

In the world literature there is no any information
on the trends of overweight and obesity and associated
metabolic disorders in the territory of North Asia. There
is no information about the presence of threshold values
(«cut-off points») of anthropometric indicators charac-
terizing the type of fat deposition and associated met-
abolic phenotype of obesity in Mongoloid adolescents
living in North Asia. Therefore, the aim of our study was
to find anthropometric parameters that allow differenti-
ating between metabolically healthy phenotype (MHP)
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and metabolically unhealthy phenotype (MUHP) in the ad-
olescents of the northern Mongoloids.

MATERIALS AND METHODS

Study design: cross-sectional. The study includes data,
obtained during the examination of the children and the ad-
olescents aged 10-17 years, for 11 months, 29 days, living
in the territory of the Republic of Buryatia and Irkutsk region.
The research conducted in 2015-2016. The selection car-
ried out during the dispensary examination, by the meth-
od of continuous sampling from 1356 children. In total 227
children were included in the study: 137 boys and 90 girls.

Inclusion criteria: 11-17 years of age; Mongoloid;
informed voluntary consent of parents / legal represen-
tatives of adolescents, as well as adolescents themselves
over 15 years of age to participate in the study.

Non-inclusion criteria: delayed physical devel-
opment (SDS < 2 for the given age and sex according
to the reference tables of the World Health Organization,
WHO); presence of acute and chronic diseases; secondary
genesis of obesity: hypothalamic obesity, obesity in neu-
roendocrine diseases, iatrogenic obesity (caused by long-
term use of glucocorticoids, antidepressants and other
drugs); monogenic obesity, syndromal obesity.

The distribution of metabolically healthy (MHP)
and metabolically unhealthy phenotypes (MUHP) based
on the results of triglyceride and glucose levels, as well
as reduced HDL cholesterol levels:

1. Fasting blood glucose level < 5.6 mmol/L;

2. Dyslipidemia: presence of two or more «high»
and / or «low» values: cholesterol = 5.2 mmol/L; triglycerides
> 1.3 mmol/L (for children under 10years of age); > 1.7 (for chil-
dren over 10 years of age) mmol/L; high-density lipoprotein
(HDL) levels < 0.9 (boys) and < 1.03 (girls) mmol/L.

In the work with adolescents, we observed the ethi-
cal principles required by the World Medical Association
Declaration of Helsinki, 1964. All study participants over
15 years of age, parents (legal representatives) informed
about the scientific orientation of the study and gave their
consent to participate in the joint work.

As a part of the study, the linear growth and the body
weight were measured; and BMI (kg/m?) was calculated.
The subjects were weighed to the nearest 0.1 kg in standard
light clothing and without shoes on platform hand scales.
The height was measured with a stationary height meter
tothe nearest 0.1 cm. BMI calculated as a person’s weight in kg
divided by their height in m?. Adolescents’ height — weight
parameters were estimated using WHO reference values,
using the AnthroPlus calculator. Standard Deviation Score
(SDS) values determined for height and BMI. Overweight was
considered if it was a body weight with BMI between
25.0-29.9 kg/m?, obesity was considered with 30 kg/m?.

The waist circumference was measured using a flexi-
ble the measuring tape at the level of the navel, with an ac-
curacy of 0.1 cm.

The measurement of skinfold thickness (SFT) was per-
formed according to GOST R 52623.1-2008:
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1. Inthearea of the biceps, muscle («SFT on the shoul-
der»)—1cmabove the middle of the distance betweenthe tip
of the acromial process of the scapula and the ulnar process
of the ulna, along the anterior surface of the shoulder;

2. Inthe subscapular region («SFT on the back») — un-
der the lower angle of the scapula;

3. On the lateral surface of the thorax («SFT
on the chest») — along the middle axillary line at the level
of the fifth intercostal space;

4. In the area of the middle of the thigh («SFT
on the thigh») - at the middle of the distance between
the lower part of the gluteal crease and the crease located
immediately behind the patella;

5. In the abdominal region («abdominal SFT») — un-
der the sternum, 5 cm to the left of the sternal line.

Anthropometric indices [11-13]:

WC/ height = OT (cm): height (cm), c.u. — conventional units.

Taper index =WC (m) / 0.109 (weight, kg) / (height, m), c.u.
wc

2/ heighty/ '
3

Roundness index = 364.2 - 365.5 * /1 - iz, c.u.
Vs

VAl for men and women was calculated using the follow-
ing formulas:

Shape index = c.u.

BMI

Men: VAl = (WC/39.68 + (1.88 x BMI)) x TG/1.03 x 1.31/HDL
Women: VAl =(WC/36.58 + (1.89 x BMI)) x TG/0.81 x 1.52/HDL
Triponderal index = weight (kg) / height (m)3, c.u.

Ethical expertise. The conduct of the study approved
by the Ethical Committee of the «Scientific Center for Fam-
ily Health and Human Reproduction Problems» (protocol
N 9 of October 08, 2014).

Statistics. To process the obtained data we used
the methods of mathematical statistics implemented
inthelicensedintegrated statistical package of complexdata
processing STATISTICA 23.The sample size was not calculat-
ed. Data analysis performed using the statistical software
package STATISTICA v. 23.1 (StatSoft Inc., USA). The normali-
ty of distribution checked using the Kolmogorov — Smirnov
criterion. Quantitative variables described with the median
[Q1, Q3]. Continuous variables were expressed as median,
25th percentile, 75th percentile Me [Q1:Q3], nominal vari-
ables expressed as frequencies and percentages (standard
error). The Kruskal — Wallis test for independent samples
used to assess differences between groups of adolescents
with normal and overweight (including obesity) on contin-
uous variables.

Statistical analysis of the AUC difference between an-
alyzed anthropometric parameters and indices performed
using software ROC analysis, assessing the optimal thresh-
old of anthropometric parameters for predicting two
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or more MS components. Calculations adjusted for multiple
testing by calculating 95 % confidence intervals (Cl). The val-
ue of the area under the AUC curve was estimated following
the recommendations of Perkins and Shisterman, interpret-
ed as follows: if the anthropometric parameter has an AUC
between 0.65 and 1.00, the test is considered «highly ac-
curate», and if the anthropometric parameter has an AUC
between 0.50 and 0.65, the test is considered «<moderately
accurate». AUC = 0.5 indicates that the screening test is no
better than a random test, i.e., uninformative. In addition
to the area under the ROC curve, the sensitivity and speci-
ficity of the classifier model were analyzed and the optimal
cut-off threshold was estimated using the lodine index (op-
timal cut-off value). Differences considered statistically sig-
nificant at p < 0.05.

RESULTS

Adolescents were classified as metabolically unhealthy
(MUHP) if they had > 2 cardio-metabolic abnormalities list-
ed above and as metabolically healthy (MHP) if they did
not meet the above criteria (0 — 1 cardio-metabolic devia-
tion from reference).

Four groups of boys (total 137 boys) were identified:
Normal body weight without metabolic abnormalities
-53(38.69 %),

Normal body weight with metabolic disorders

-4(2.92 %),
Overweight without metabolic disorders - 64 (46,72 %),
Overweight with metabolic disorders — 16 (11.69 %);

And 4 groups of girls (90 girls in total):

Normal body weight without metabolic disorders
- 40 (44,44 %),

Normal body weight with metabolic disorders
-5(5.56 %),

Overweight without metabolic disorders — 40 (44,44 %),
Overweight with metabolic disorders — 5 (5.56 %).

Adolescents divided into two subgroups accord-
ing to SDS BMI: normal weight and overweight. Due
to the small number of obese adolescents, overweight
and obese adolescents combined into one group (Table 1).

When comparing body weight, no statistically significant
differences were found between boys and girls (p = 0.088).

TABLE 1
BODY WEIGHT GRADING OF ADOLESCENTS

ACCORDING TO THE CLINICAL GUIDELINES “OBESITY
IN CHILDREN AND ADOLESCENTS", 2014

Parameter SDS BMI Boys (n=137) Girls (n=90)
Normal +1,0 57 (41,61 %) 45 (50,00 %)
Overweight 1.0-2.0 17 (12,41 %) 16 (17,78 %)
SDS BMI | 2.0-2.5 39 (28,47 %) 19(21,11 %)
SDS BMI I 2.6-3.0 18(13,13 %) 8 (8,89 %)
SDS BMI I 3.1-3.9 6 (4,38 %) 2 (2,22 %)
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The characteristics of the analyzed groups presented
in Table 2 (boys and girls).

Among the 227 adolescents included in the study, 197
(86.78 %) adolescents were free of metabolic disorders, in-
cluding 117 boys (85.40 %) and 80 (88.88 %) girls.In the sam-
ple of adolescents with normal body weight, 9 adolescents
had two or more features to classify them as metabolically
unhealthy, including 4 (3.92 %) among boys and 5 (4.90 %)
among girls. All adolescents with the metabolically un-
healthy phenotype had an abnormal HDL level (100 % ath-
erosclerosis risk). Due to the small number of adolescents
in these samples, assessment of static significance is limit-
ed. No statistically significant age differences were found
in the samples of boys (p = 0.332) and girls (p = 0.399).

Comparisons of anthropometric parameters in boys
with different weight status, with and without metabolic
disorders presented in Table 3.

When comparing the studied parameters in boys
without excess body weight but with different met-
abolic status, no statistically significant differences
in the analyzed anthropometric indicators and anthro-
pometric indices found. Analogous regularity registered
in boys with excessive body weight. Comparison of an-
thropometric parameters and indices in samples of boys
with metabolic disorders but with different weight status

TABLE 2

DESCRIPTION OF THE GROUPS OF ADOLESCENTS

showed statistically significant differences in WC, HC,
and WC/HC, subcutaneous fat thickness in all measured
locations and roundness index in boys with excess body
weight. At the same time, there are no statistically sig-
nificant differences in WC / height as one of the informa-
tive screening indicators of cardio-metabolic risk in both
adults [14] and children [15].

To assess the diagnostic significance of the analyzed
anthropometric parameters and indices, as well as to de-
termine their optimal values, we performed ROC-analysis
(Table 4), one of the parameters of which is the area un-
der the curve (AUCQ), which is a measure of the diagnostic
power of the test. An ideal test should have an AUC equal
to 1.0, an AUC value equal to 0.5 means that the test works
no better than a random test.

The most informative parameters of metabolically
unhealthy phenotype in Asian boys are visceral obesity
index (AUC = 0.92; sensitivity = 90 %; specificity = 81 %),
SDS BMI (AUC = 0.73), subcutaneous fat thickness near
the umbilicus (AUC = 0.73) and subcutaneous fat thick-
ness on the anterior surface of the upper arm (AUC = 0.74).
The optimal SDS BMI cutoff value for predicting metabol-
ic disorders is 2.29 c.u; subcutaneous fat thickness near
the umbilicus more than 3.5 cm and on the anterior sur-
face of the upper arm more than 1.0 cm.

Body mass Normal body mass, SDS BMI + 1,0 (1) Overweight, SDS BMI > 1,0 (2)
Boys, n =137

Metabolic disorders MHP MUHP 1 All' MHP 2 MUHP 26 All2
Numbers, n 53 4 57 64 16 80
Age, years 14,22 12,67 13,45 12,84 12,89 12,87

[12,69;15,89] [12,00:14,50] [12,36:15,28] [11,83:14,59] [12,00:15,33] [11,86:14,72]
% cholesterol = 52 mmol/l, % 3 (5,66 %) 0 3(5,26 %) 1 (1,56 %) 5(31,25 %) 6 (7,50 %)
% high TG > the reference 3 (5,66 %) 2 (50,00 %) 5(8,77 %) 3 (4,69 %)% 12(75,00%) 15(18,75%)"2
% HDL < the reference 7 (13,29 %) 4 (100,00 %) 11(19,30%) 18(28,13 %)% 11 (68,75 %)% 29 (36,25 %)
% glucosa = 5,6 mmol/I 7 (13,29 %) 2 (50,00 %) 9 (15,79 %) 2(3,13%) %% 5(31,25%)%%  7(8,75 %)

Girls, n =90

Numbers, n 40 5 45 40 5 45
Age, years 13,64 14,00 13,82 13,71 13,33 [ 13,58

[12,42:15,50] [12,75:15,25] [12,63:15,55] [12,09:15,00] 11,75:15,00]  [12,04:15,00]
% cholesterol = 5,2 mmol/I, % 0 1 (20,00 %) 1(2,22 %) 0 0 0
% high TG > the reference 2 (4,44 %) 4 (80,00 %) 6(13,33%)"2 8(20,00 %)*?° 5100,00 %)2*26 13 (28,89 %)
% HDL < the reference 3 (7,50 %)= 5(100,00 %)"'*'®  8(17,78%)  8(20,00 %)% 5 (100,00 %)*2¢ 13 (28,89 %)
% glucosa = 5,6 mmol/I 3 (7,50 %)"'*"5 1 (20,00 %)"'*16 4 (8,89 %) 1(2,50%)%26  2(40,00 %)% 3 (6,67 %)

Note. Fisher’s exact test (two-sided), *p > 0.05.
16
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TABLE 3

ANTHROPOMETRIC PARAMETERS IN THE STUDIED GROUPS OF BOYS, ME [Q1:Q3]

Normal weight Overweight
Parametres MHP??, MUHP'S, MHP22, MUHPZ, p-value
n=>53 n=4 n=64 n=16
P1a16=0,28
: -0,22 -0,75 0,06 0,75 p =022
SDS height 22262
[-0,45:0,48] [-0,02:1.05] [-0,67:0,43] [-0,27:1,07] P,,5,.=0,27
P1626=0:5
p1a 16=0’23
0,03 -0,25 2,23 2,62 p'°=030
SDS BMI 2226~ 1
[-0,51:0,41] [-0,48:0,27] [2,01:2,57] [2,31:2,90] p,.,.=0,05
16,c=0,001
Piays=0.14
YTE e 35,71 2,33 95,08 96,75 P =02
ol [5,96:54,53] [1,00:6,50] [89,41:97,22] [92,00:98,56] p,,,,=0,048
16.26=0:03
p1a-16=0’1 8
. 69,44 50 98,00 98,4 p, .=0,48
HC, percentile 2226 2
[42,36:90,07] [20,00:66,67] [89,00:99,28] [91,66:99,56] P1,2,=0,05
pm 2520'05
0,77 0,71 0,94 0,96 Pra1s=047
WC/HC, c.u. ' ' ' ’ Pra2s=0:49
[0,72:0,80] [0,68:0,80] [0,87:0,97] [0,92:0,98] p,,,,=0,048
P16.06=0,046
pla-16=0’23
. 04 0,34 0,53 0,57 p°=0,48
WC/height, c.u. 2226 2
[0,37:0,41] [0,32:0,36] [0,50:0,57] [0,53:0,62] P,,2.=0:22
16—7620’38
p1af16=0’49
0,34 0,35 2,08 2,2 P, '=0,21
SFT on the chest, cm. 2226 "
[0,23:0,56] [0,25:0,70] [1,68:2,51] [1,96:3,07] P,,,,=0,001
P16.06=0:001
0,51 0,46 1,95 3,1 Pra1s=047
SFT on the back, cm. ' ' ! ! p2a—26__0’03
[0,39:0,79] [0,40:0,55] [1,49:2,66] [1,66:4,60] p,,2,=0,001
1 c=0,001
p1er‘|6=0’47
X 0,85 0,76 3,12 5,75 =022
Abdominal SFT, cm. 2226
[0,62:1,01] [0,70:0,90] [2,29:4,11] [3,70:7,12] P,,,,=0,001
P16.06=0:001
028 02 1,52 1,97 Pia16=0:22
SFT on the thigh, cm. ’ ’ ' ’ pZa—26__0’35
[0,18:0,59] [0,06:0,73] [1,13:1,82] [1,60:2,26] p,,2,=0,001
1c=0,001
=0,24
0,15 0,2 1,41 1,66 P 1a16_
SFT on the shoulder, cm. 2226
[0,03:0,48] [0,14:0,73] [0,96:1,59] [1,26:2,80] P,,,,=0,001
P16.06=0:001
P, 1620’22
: 1,07 0,92 1,17 1,24 P °=0.41
Taper index, c.u. 22262
[1,00:1,11] [0,85:0,96] [1,06:1,24] [1,10:1,29] P,,2.=0:30
16—76=0’2
p1a 16=0’23
: 0,071 0,06 0,073 0,076 p°=0,48
Shape index, c.u. 2026
[0,068:0,073] [0,05:0,06] [0,067:0,077] [0,069:0,079] P,,2,=049
15-26:0'23
p1a-16:0’87
. 1,64 0,9 3,92 4,74 P =041
Roundness index, c.u 2026
[1,40:1,93] [0,62:1,13] [3,13:4,87] [3,96:5,97] P,,2.=0,05
16.2:=0,001
P,,.4=0,017
VAI 0,95 1,78 0,99 2,73 pza_2620’006
[0,89:1,07] [0,76:2,96] [0,86:1,37] [2,52:3,19] P, 2.=0,66
16-2620’033
p,, 16:0’9‘I
™ 11,87 11,84 17,71 18,77 p.°=0,49
[11,27:12,52] [11,60:12,07] [16,38:18,75] [17,02:19,65] p,,,,=0,001
16.25=0,001
17
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TABLE 4

ROC ANALYSIS: MARKER SELECTION AND ANTHROPOMETRIC THRESHOLD FOR IDENTIFYING MONGOLOID

MALE SUBJECTS WITH METABOLIC DISORDERS

Parameters AUC 95Cl Sensitivity Specificity Cut-off
SDS BMI 0,73 0,65-0,80 70,0 77,8 2,29
WC, percentile 0,66 0,57-0,74 75,0 58,9 89,0
HC, percentile 0,62 0,53-0,70 55,0 63,9w 95,00
WC/HC, c.u. 0,69 0,60-0,76 85,5 56,8 0,86
WC/height, cu. 0,67 0,58-0,75 60,0 75,0 0,53
SFT on the chest, cm. 0,69 0,60-0,76 75,0 61,2 1,7
SFT on the back, cm. 0,69 0,59-0,76 45,0 88,4 2,8
Abdominal SFT, cm. 0,73 0,64-0,80 65,0 76,8 3,5
SFT on the thigh, cm. 0,72 0,63-0,79 60,0 80,4 1,7
SFT on the shoulder, cm. 0,74 0,66-0,82 80,0 64,3 1,0
Taper index, c.u. 0,63 0,54-0,71 45,0 87,2 1,24
Shape index, c.u. 0,55 0,46-0,63 45,0 76,9 0,07
Roundness index, c.u 0,68 0,60-0,76 60,0 80,3 417
VAI 0,92 0,86-0,96 90,0 81,2 1,71
T™MI 0,67 0,54-0,80 80,0 62,5 12,16

Comparative analysis of anthropometric parameters
and indices in girls with different weight status, with met-
abolically healthy and metabolically unhealthy phenotype
presented in Table 5.

Statistically significant differences in parameters
of circumferences (WC, HC) and subcutaneous fat thick-
ness in all analyzed locations found between samples
of girls with different weight status. There were no statisti-
cally significant differences in WC/ HC, WC/ height, as well
as taper index and shape index when comparing girls
with different weight status. There are no statistically sig-
nificant differences in the studied anthropometric param-
eters when comparing MHP and MUHP both in the sample
of children with normal and excessive body weight.

Table 5 presents the results of ROC curve analysis
of male subjects, Table 6 - for female subjects.

In Northern Mongoloid girls the largest areas under
the curve are diagnosed for visceral obesity index (AUC =
0.84; sensitivity = 90 %; specificity = 88.7 %). The presented
indices of hip circumference (AUC = 0.7; sensitivity = 66 %;
specificity = 63 %) and taper index (AUC = 0.7; sensitivity
= 60 %, specificity = 85 %), evaluated as “good” and they
differ from the indices presented in Northern Mongol-
oid boys. The presented indices can evaluated as “good”
and they differ from the indices presented in Northern
Mongoloid boys.

Thus, for adolescents of both sexes, identical pat-
terns of absence of statistically significant differences
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in anthropometric indicators and indices between MHP
and MUHP adolescents in the sample of overweight
and non-overweight adolescents revealed. The visceral
adiposity index in adolescents of both sexes is the most
informative indicator of metabolic abnormalities.

DISCUSSION

Childhood obesity is increasing at an alarming rate
and recognized as an important global public health prob-
lem in many countries around the world, including coun-
tries with traditionally low obesity rates: India, Singapore,
China, Malaysia and Vietnam. A. Misra et al. (2010) [16]
consider rapid changes in lifestyle and diet among Asians
as one of the reasons for this trend.

A higher level of excess body weight in South Asians
is associated with hyperinsulinemia, dyslipidemia, hyper-
leptinemia, high levels of CRP, endothelial dysfunction,
forming earlier onset and early realization of type 2 diabe-
tes mellitus and coronary heart disease. At the same time,
these co-morbid diseases in South Asians registered at low-
er body weight and waist circumference. This has led to ev-
idence that ethnic difference in fat distribution taken into
account when assessing body type. So Julie-Anne Nazare
et al [17] on a sample of 4504 patients from 29 countries,
including 2011 whites, 166 blacks from Africa and the Ca-
ribbean, 381 natives of Latin America, 1192 natives of East
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TABLE 5

ANTHROPOMETRIC PARAMETERS IN THE STUDIED GROUPS OF GIRLS, ME [Q1:Q3]

P1a16= 046,

0,14 0,12 0,34 0,25 pr =042
[0,08:0,96] [0,12:0,42] [-0,37:1,33] [-0,76:0,74] 1a2a= 032,
Pi6as™ 034

=0,39,

0,26 0,17 247 2,66 f = 0,41
[-0,09:0,56] [-0,30:0,50] [2,17:2,62] [2,39:3,91] aa= 0,001,
5 =0,001

p1a-16_ 0’1 7’

49,87 55,00 94,88 97,33 =025
[24,75:72,05] [14,25:83,50] [82,75:97,84] [95,00:98,60] aa= 0,021,
1626 = 0,023

P1s16= 0,06,

47,92 17,50 94,2 98,45 pr =035
[17,50:75,00] [10,00:25,00] [72,08:98,78] [97,25:99,23] 1a2a= 0,03,

Pis.26= 0,01

Piors™ 0,48,

0,76 0,73 0,82 0,95 po =046
[0,72:0,79] [0,71:0,75] [0,77:0,93] [0,82:0,98] 1a20= 046,
16-26 0'43

=0,5,

041 041 052 06 pz‘a_’z‘:z 023
[0,38:0,44] [0,39:0,41] [0,47:0,58] [0,54:0,64] 1a2a= 044,
16-26 = 0’24

=0,23,

039 0,40 1,5 2 ‘;,12‘; =0,23
[0,24:0,74] [0,31:0,52] [0,95:2,25] [1,20:3,47] 1a2a= 0,001,
- .=0,001

=0,36,

0,54 030 1,66 2,8 p‘z‘; =0,43
[0,36:1,14] [0,20:0,40] [1,47:2,97] [1,50:4,91] 1a2a= 0,04,
1626 = 0,001

p1a-16= 0’44’

0,80 0,65 2,26 3,76 =028
[0,61:0,99] [0,50:0,80] [1,70:3,95] [3,02:5,66] 1a2a= 0,001,
1626 = 0,001

=0,43,

033 0,25 2,1 23 ‘;,12‘; =0,14
[0,19:1,40] [0,20:0,30] [1,85:2,45] [2,01:2,90] 1a2a= 0,001,
- .=0,001

=0,22,

0,22 0,251 1,27 17 p‘;‘_‘;z 026
[0,02:0,75] [0,21:0,30] [0,94:1,84] [1,12:2,25] P10 = 0,04,
16-26 = 0’04

=0,35,

1,07 1,04 1,13 1,19 pf‘_‘i: 0,40
[1,02:1,13] [1,02:1,05] [1,06:1,21] [1,14:1,29] Piopn =034,
16-26 = 0’25

Piois™ 0,23,

0,07 0,068 0,07 0,074 pr =023

[0,06:0,07] [0,069:0,07] [0,067:0,074] [0,068:0,080] Pis0a= 0.5
Pis26= 047

=0,48,

1,81 1,76 378 5,43 ‘;,12‘; =0,36
[1,46:2,31] [1,64:1,87] [2,92:5,13] [4,20:6,57] 1a2a= 0,03,
1625 = 0,001

=0,01,

1,29 3,71 1,45 3,57 p?‘_‘fﬁ: 0,03
[1,23:1,45] [2.84:4,22] [1,22:1,81] [0,82:5,44] 1a2a= 021,
1606= 0,20

p1a-16= 0’92’

12,31 12,60 18,00 18,20 =096
[11,69:12,92] [11,96:13,19] [16,73:19,27] [17,45:18,70] P10 = 0,03,
1606= 0,04
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TABLE 6

ROC ANALYSIS: MARKER SELECTION AND ANTHROPOMETRIC THRESHOLD FOR IDENTIFYING FEMALE

MONGOLOID SUBJECTS WITH METABOLIC DISORDERS

Parameters AUC 95ClI Sensitivity Specificity Cut-off

SDS BMI 0,50 0,40-0,61 80,0 33,75 2,00
WG, percentile 0,62 0,51-0,72 44,4 86,8 25,0
HC, percentile 0,70 0,59-0,79 66,7 63,2 50,0
WC/HC, c.u. 0,52 0,41-0,63 44,4 81,6 0,89
WC/height, c.u. 0,61 0,50-0,71 44,4 80,3 0,39
SFT on the chest, cm. 0,51 0,39-0,62 71,4 50,0 0,7

SFT on the back, cm. 0,52 0,41-0,63 71,4 48,6 0,95
abdominal SFT, cm. 0,50 0,39-0,62 0,0 86,5 0,65
SFT on the thigh, cm. 0,55 0,43-0,66 85,7 39,2 1,0

SFT on the shoulder, cm. 0,49 0,39-0,61 14,2 63,5 0,15
Taper index, c.u. 0,70 0,60-0,79 60,0 85,0 0,99
Shape index, c.u. 0,69 0,59-0,79 50,0 92,5 0,06
Roundness index, c.u 0,62 0,51-0,72 50,0 78,7 1,52
VAI 0,84 0,75-0,91 90,0 88,75 2,88
T™I 0,52 0,33-0,71 50,0 47,5 14,92

Asia and 347 natives of Southeast Asia showed that East
Asians have a greater accumulation of abdominal visceral
fat and less subcutaneous fat. Earlier Lear SA et al. (2007)
[18], based on the analysis of computed tomography data
of Aboriginal Canadians, Chinese and South Asians, con-
firmed a higher visceral fat content in Asians compared
to Caucasians with the same waist circumference.

M.Y. Ogarkov et al. [19] based on a survey of 1395 peo-
pleliving in Gornaya Shoria, including 631 indigenous Sho-
rians and 764 non-indigenous (Caucasians), found a higher
prevalence of abdominal obesity among non-indigenous
residents (17.9 % vs. 2.2 % among Shorians), but no statisti-
cally significant differences in the prevalence of abdominal
obesity among young adults (18-39 years old).

Anthropometry is an important, easy-to-use marker
of health in both adults and children. However, the use
of some anthropometric parameters in pediatric practice
is limited due to their significant variability at different
ages, in children of different sexes and child height, as well
as depending on ethnicity. Such parameters include waist
circumference. Xi B. et al. [20], based on a survey of 113.453
children and adolescents aged 4 to 20 years from 8 coun-
tries in different regions (Bulgaria, China, Iran, Korea, Ma-
laysia, Poland, Seychelles and Switzerland). Evaluated
the informativeness of WC in relation to cardiovascular risk
and showed that the area under the curve [AUCWC] =0.69
for boys; 0.63 for girls, which, according to the authors,
is comparable to that of adolescents in the United States,
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whose AUC WC was 0.71 for boys and 0.68 for girls. More-
over, there are currently no unified criteria for assessing
waist circumference for children. Meanwhile, Sivasubra-
manian R. (2021) [6] found that Asian populations tend
to develop diabetes at a younger age and have lower BMI
levels than Caucasians, including the phenotype of <met-
abolic obesity with normal weight». In our study of North
Asian Mongoloid adolescents, the informativeness of AUC
WC in males was 0.66 and 0.62 in females. In previously
published studies in adolescent Caucasians of North Asia,
AUC WC informativity in boys is 0.65 (p = 0.92), in girls
- 0.71 (p = 0.51). In other words, the informativeness
of WC in assessing the phenotype of <metabolic obesity
with normal weight» in Northern Mongolian girls is lower
than in Northern Mongolian boys and lower than in North-
ern Asian Caucasian girls.

Body mass index (BMI) is a widely used index. Limita-
tions of BMI use in pediatric practice are the need to an-
alyze this index taking into account the age, sex, height
of the child, as well as the inability to assess the topography
of adipose tissue based on BMI. Flegal K.M. and Ogden C.L.
[21] suggest that there is no linear relationship between
cardiometabolic risk and SDS BMlin children. A study of 403
children and adolescents of Caucasian race with obesi-
ty of 7-20 years showed that in boys over 10 years of age
the best prognostic ability has SDS BMI with a cut-off point
= 2.79 c.y, the risk of cardiometabolic disorders is realized
in adolescents with obesity of Il degree. In the presented
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study, Asian boys in the presented study have an MUHP
cut-off point of SDS BMI of 2.29 (AUC SDS BMI = 0.73) ver-
sus 2.36 in Caucasian boys (AUC SDS BMI = 0.67). In North-
ern Mongoloid girls, SDS BMI as a marker of a metabolic
unhealthy phenotype is uninformative indicator (AUC SDS
BMI = 0.50). In contrast, in China, BMI is highly informa-
tive for both boys and girls: AUC SDS BMI = 0.88 for girls
and 0.92 for boys [22].

One of the anthropometric indicators diag-
nostically informative in relation to metabolic syn-
drome is the WC / height ratio. The threshold value
for the WC / height ratio is universal and is 0.5 for dif-
ferent groups of adults. In adolescents of different pop-
ulations, it varies from 0.44 for boys and 0.43 for girls
10-19 years old in Korea, 0.47 in Spain, 0.51 for boys
and 0.50 for girls in Japan, 0.55 for boys and girls in Brazil
in a study [23-25]. In our study, the AUC of WC / height
in boys was 0.67 and in girls, the AUC of WC / height
was 0.39, indicating the low diagnostic informativeness
of WC / height as an indicator of MUHP in adolescents
of Northern Mongoloids. Widjaja N.A. et al. [26] indicate
the low informativeness of this indicator: the thresh-
old value of WC / height for boys with metabolic risks
was 0.53 (AUC WC / height = 0.67), for girls - 0.39 (AUC
WC/ height =0.61), which, according to the authors, indi-
cates the need for additional research. In China, in adoles-
cents 6-17 years old, the informative value of WC/ height
is not high: AUC WC / height = 0.59, the threshold val-
ue of WC / height for boys is 0.50 and for girls (0.47).
WC/ height > 0.6 was associated with a higher risk of met-
abolic syndrome and pre-diabetes among obese Italian
children and adolescents, WC / height > 0.65 at ages 12—
39 years, increases the risk of death before age 55 years
by 139 % [22], confirming the importance of determining
this index in childhood in some populations of the world.

The WC / HC ratio widely used in adults to assess
abdominal obesity in children is inappropriate because
the ratio is highly age-dependent. A study by Chen G.,
2019 [22] found that WC / HC is a poor predictor of pe-
diatric abdominal obesity, the results of which are con-
sistent with other studies. The results of the present-
ed study showed the low informativeness of WC / HC
for both boys and girls.

Although skinfold thickness measurements are of less
use in pediatric practice, they may still be useful for estimat-
ing total body fat mass in screening studies [25, 26]. There
is relatively little information on skinfold structure in Asian
children and adolescents. Significant correlations between
increased skinfold thickness and increased risk of car-
diometabolic disease and metabolic syndrome have been
published. In Turkey, the mean values of triceps, biceps,
and subscapular and suprailiac fold thickness were higher
in girls than in boys at all ages except 6 years [27]. In In-
donesian boys between the ages of 7 and 18 years, there
was a slight increase in the central portions of the skin-
folds, compared to a significant increase in the peripher-
al portions [28]. In Colombia, the results of ROC analysis
in school children aged 9-17.9 years showed that the val-
ues of the subscapular and triceps skinfolds have a high
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discriminatory power in detecting overweight and obesity
[29]. ROC plots generated to analyze the optimal thresh-
old value and information accuracy of skinfold thickness
in both girls and boys. None of the analyzed SFTs demon-
strated informational accuracy for assessing the meta-
bolic unhealthy phenotype in Asian girls. For Northern
Mongoloid boys in our study, the SFTs on the abdomen
(AUC = 0.73) and shoulder (AUC = 0.74) had good informa-
tiveness. In comparison, the previously presented results
of the analogous study in adolescent-Europeans living
in this territory testify to the diagnostic efficiency of SFT
estimation both for boys-Europeans (AUC on the shoul-
der = 0.68, AUC on the back = 0.67) and for girls (AUC
on the abdomen =0.71).

Among the analyzed indicators, the visceral adipos-
ity index (VAI), a new marker of cardiometabolic risk
reflecting the distribution of abdominal fat and dyslip-
idemia [30], is the most informative with regard to met-
abolic unhealthy. According to Amato M.C,, et al (2010)
[31] visceral adiposity index is a useful marker to de-
tect metabolic syndrome in children and adolescents.
In 2019, Ejtahed H-S,, et al. [32] presented VAI threshold
values in predicting metabolic disorders as 1.30 in boys
and 1.78 in girls based on survey data of 3843 children
and adolescents from urban and rural areas of 30 prov-
inces of Iran aged 7 to 18 years. Somewhat different VAI
threshold values found by a team of researchers from med-
ical centers in Italy in children and adolescents diagnosed
with obesity aged 8-15 years. According to the results
of the observational study, the optimal visceral obesity
index thresholds were 1.685 and 1.875 for boys and girls,
respectively. Dong Y, et al (2021) [33] in Chinese children
and adolescents of 12-18 years old found that VAI per-
formed better in predicting metabolically unhealthy phe-
notype than traditional measures of obesity, the area un-
der the curve (AUC) was 0.808 and 0.763 for normal-weight
boys and girls, 0.829 and 0.816 for overweight and obese
boys and girls. In our study, the area under the curve
(AUQ) for visceral obesity index calculated 0.92 and 0.84
for boys and girls, respectively. The optimal VAI thresholds
for detecting metabolically unhealthy phenotype were
1.71 in boys and 2.88 in girls.

CONCLUSION

In general, the analysis of areas under ROC curves
(AUCQ) in adolescent northern mongoloids assessed the dis-
criminatory accuracy of the analyzed anthropometric pa-
rameters and indices in relation to metabolically healthy
and metabolically unhealthy phenotypes. For adolescents
of both sexes, the visceral obesity index was the most
informative index. The sequence of AUC ranks for met-
abolic disorders in boys included visceral obesity index
(AUC = 0.92, threshold value 1.71 c.u.) > subcutaneous
fat thickness on the upper arm (AUC = 0.74, threshold
value 1.0 cm.) and abdomen (AUC = 0.73, threshold value
3.5 cm.) > SDS BMI (AUC = 0.73, threshold value 2.29 c.u.),
in girls — visceral obesity index (AUC = 0.73, threshold value
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2.29 c.u.), in girls — visceral obesity index (AUC = 0,84,
threshold value 2,88 c.u.) > OB (AUC = 0,70, threshold
value 50 cm.) = conicity index (AUC = 0,70, threshold
value 0,99 c.u.), diagnostic informativeness of anthro-
pometric parameters in assessing the risk of metabolic
disorders in boys and girls — northern mongoloids does
not differ significantly.

Thus, visceral adiposity index (VAI) is a diagnostic in-
formative parameter for differentiation of metabolically
healthy and metabolically unhealthy phenotypes in ado-
lescent northern mongoloids.
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