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Abstract. Introduction. Determination of somatotype opens up the possibility of creating approaches to personalized
monitoring of health status of various population groups. The aim of this work is a comparative analysis and determination
of prevalence of ecto-, meso- and endomorphic somatotypes in residents of regions of Tajikistan with different
environmental conditions. Materials and methods. The study involved 701 male volunteers aged 19 to 22 years,
400 subjects lived in Dushanbe, 301 students — in Gorno-Badakhshan Autonomous Oblast (GBAO). Somatotyping
was carried out using the Heath—Carter method. All volunteers were determined by body length and weight, knee and
elbow breadth, shoulder and calf circumference, triceps, subscapular, suprailiac, calf skinfolds were measured. Based
on the measured anthropometric parameters, the ecto-, meso- and endomorphic components of the somatotype were
calculated using a Heath—Carter formula. The obtained data were compared using the Mann-Whitney U-test and
the Pearson x? test. Results. Young men who have lived in Dushanbe since birth surpass their peers from GBAO in
having greater body length and weight, massive bones determined by the breadth of large joints, and the thickness
of the skinfat folds. 72% of the capital’s residents had a high contribution of endomorphic and a low contribution of
meso- (4%) and ectomorphic (2%) components of the somatotype. Subjects from GBAO were distinguished by a high
contribution of meso- (36%), ectomorphic (15%), and endomorphic (16%) body types. Overweight was determined in
35% of volunteers from Dushanbe and only 2% of subjects from GBAO. Underweight was detected in only 11% of
volunteers from Dushanbe and 61% of subjects from GBAQ. Conclusions. The anthropometric profile and constitutional
diversity of young male residents of the Republic of Tajikistan depends on the region of their permanent residence and
environmental conditions.

Keywords: anthropometric profile, somatotype, Heath—Carter, Tajikistan, Dushanbe, Gorno-Badakhshan Autonomous
Oblast
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Pestome. BeedeHue. Onpeaenexne Tuna TeNOCMOXEHUS OTKPbIBAET BOSMOXHOCTb CO3JaHNs NOAXOAO0B K Nepco-
HUULMPOBAHHOMY MOHUTOPUHTY COCTOSIHWS 3[0POBbS Pa3NNYHbIX rpynn HaceneHus. Llesns pabombl — npoBecTu
CpaBHUTENbHbIN aHanW3 1 ONpeaennuTb PacnPOCTPaHEHHOCTb 3K30-, ME30- 1 SHOOMOPMHBIX COMATOTUMNOB Y XUTENEN
pernoHoB TafXMKMCTaHa C pa3nuyHbIMU YCIOBUSIMI OKpYKatoLen cpeabl. Mamepuanbi u Memodsl. B nccnegosaHum
npuHsanu yyactue 701 myxunHa-gobposoneu B Bospacte oT 19 go 22 net, 400 cybbekToB npoxusany B T. [ywaH6e,
301 cTygeHT — B lopHo-bagaxwaHckon asToHOMHoM obnactu (FTBAQ). [ins onpegeneHus comatoTuna no MeToay
Xut-KapTep Bcem fobpoBonbLam U3Mepsanu AfnHY 1 Maccy Tena, LWWPUHY KONeHa 1 NOKTS, OKPYXHOCTb nneya u
FONEHN N KOXHO-KMPOBbIE CKNAAKW Ha nineye, CruHe, XMBOTE, rofieHn. Ha 0OCHOBaHWUN 3TUX aHTPOMOMETPUYECKUX
napameTpoB NPOU3BOANNN PacyeT 3KTO-, Me30- 1 3HAOMOP(MHOro KOMNOHEHTa COMATOTINA, UCMONb3ys 0bLyen3BecT-
Hyto hopmyny. [Insi CpaBHEHNS MOMyYeHHbIX JaHHbIX Ucnonb3oBany U-kputepuit MaHHa—YuTHu v TecT X2 MupcoHa.
Pesynbsmamsi1. Monogble MyX4uHbl, C pOXAeHNUs npoxusatoLue B . flywaH6e, npeBOoCXoAAT CBOMX CBEPCTHUKOB
13 FBAO, umetoT 6onbLLYH ANKMHY M MAcCy Tena, MacCUBHOCTb KOCTEN, ONpeaensemyio No LWMPKUHE KPYMHBIX cycTa-
BOB, TOJLUMHY KOXHO-XMPOBOM Cknagku. Y 72% xutenen CTONNLbI UMEN MECTO BbICOKWIA BKNaZ 3HAOMOPEHOro 1
HU3KNIA — Me30- (4%) 1 akTomopdhHOro (2%) KoMnoHeHToB comaToTuna. CyobekTbl 3 FBAO oTnnyanuchb BLICOKUM
BKNagoM Me30- (36%), akTo- (15%) n aHgomopdHoro (16%) Tunos Tenocnoxerns. Y 35% gobposonbues 13 [ywan-
6e n Bcero y 2% ucnbiTyembix 13 FBAO onpefeneH n3bbiTok macesl Tena. [leduumnt macchl Tena BbISIBIEH BCEro
y 11% pobposonbues 13 fywanbe ny 61% ucnoityembix 3 F'6AO. Bbieodbl. AHTpONOMETPUYECKNA NPOdUb U
KOHCTUTYLMOHaNbHOE pa3Hoobpasne Monoabix MyX4nH — xutenen Pecnybnuku TagXuKMCTaH 3aBUCKUT OT pernoHa
WX NOCTOSIHHOTO MPOXMBAHUS 1 YCNOBWIA OKPYXatoLLen cpeabl.

KnioueBble cnoBa: aHTponomeTpuyeckuit npocunb, comatotun, Xut-Kaptep, TagxukuctaH, Qywan6e, fopHo-
BapaxwaHckas aBToHOMHas 0bnacTb
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INTRODUCTION

Body type is a stable anthropometric indicator in adults
associated with muscle strength and endurance [1-4], mo-
tor skills [5, 6], and athletic performance [7, 8] in both ath-
letes of various specializations and non-athletes. Assess-
ment of somatotypes is used in the complex evaluation of
anthropometric features, their connection with motor skills
and muscle work in children [9, 10]. A candidate’s belonging
to the “dominant” somatotype in a given sport increases
the chance of being selected for elite teams [4, 11]. Body
type may be a predictor both of insufficient weight [12, 13]
and obesity [14-19], and also outcome of different diseases
[20-23]. Moreover, body type can be related to some mor-
phological and functional features of the body, for example,
to the size of organs [12, 15], blood cell content [24-26], ve-
getative status [27, 28]. Information about the constitutional
characteristics of patients helps in the implementation of ap-
proaches to organizing proper nutrition [29] and prescribing
adaptive physical education programs [30].

Due to the above, including differentiation of body types
in objective examination of healthy athletes, children and
adults, and also sick people gives up the possibility of imp-
lementing approaches to personalized monitoring of their
health. The scientific literature has documented population
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Fig. 1.
settlements of Gorno-Badakhshan Autonomous Oblast
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studies to determine the prevalence of somatotypes in Rus-
sian [15, 31-33], Polish [34], Portuguese [35], Chinese [18,
36], Korean [37], Japanese [19], and Chilean [38] cohorts.
At the same time, there is a lack of studies involving su-
bjects from Central Asia. There is a limited number of pub-
lications describing the constitutional characteristics of resi-
dents of Uzbekistan [39-41], Kazakhstan [42], Kyrgyzstan
[43, 44], and Tajikistan [45-47].

AIM

The aim of the study is to conduct a comparative analy-
sis and determine the prevalence of exo-, meso- and en-
domorphic somatotypes determined by the Heath—Carter
method in residents of two regions of Tajikistan with diffe-
rent environmental conditions: Dushanbe and the Gorno-
Badakhshan Autonomous Region (GBAO). This work is
necessary to expand our understanding of the constitutional
characteristics of residents of Central Asia.

MATERIALS AND METHODS

The study included data on 701 healthy men aged
19-22 years. All of them were students of the Tajik State
Medical University named after Abu Ali Ibni Sino. Of these,
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Study area. QO — capital of the Republic of Tajikistan; [] — administrative center of Gorno-Badakhshan Autonomous Oblast; ll —

O6nacte nccnegosanus. O — ctronuua Pecny6nukn TagxukucTan; [ — agMUHMCTPaTUBHBIN LeHTp MopHo-BagaxwaHcKoii aBTo-

HoMHow o6nactu; [ll — HaceneHHble NyHKTbI FopHO-BapaxwaHckon aBTOHOMHOI 06nacTu
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400 subjects lived in Dushanbe, the capital of the republic,
from birth, and 301 students lived in the Gorno-Badakh-
shan Autonomous Region (GBAO): the villages of Vanch,
Ishkashim, Roshtkala, Shugnan, Murghab, and the city of
Khorog (Fig. 1). To assess somatotype due to the Heath—
Carter method, the subjects had their apical body length
(ABL) measured using a medical stadiometer MP-01/S
(Moscow Weighing Plant MIDL), and their body mass (BM)
measured using medical scales VMEN-150-50/100-I-D1-A
(JSC Tulinovsky Instrument-Making Plant TVES). Also, the
knee width (KW) and elbow width (EW) were measured
using a sliding caliper (‘KAFA”, Russia). A non-elastic er-
gonomic tape measure (SECA 203, Germany) was used
to measure the upper arm circumference (UA) and lower
leg circumference (LLC) with an accuracy of 0.01 cm. The
thickness of the skin-fat folds (SFF) was measured using
a professional caliper ET MEASURE model SK-101 (Chi-
na), with a spring calibrated to create the same pressure
(0.01 kg/mm?) on both sides of the fold, the measurement
accuracy was 0.2 mm. SFF was measured in four places: on
the back of the shoulder in the triceps area (SFF triceps), on
the back in the scapula area (SFF back), on the abdomen
above the iliac crest (SFF supraspinatus) and on the back of
the shin (SFF shin). All anthropometric measurements were
made according to modern recommendations [48].

In 1960, Barbara Heath and Lindsay Carter proposed an
approach based on a series of equations requiring the above
measurements of anthropometric parameters, which allows
calculating the degree of expression of the ectomorphic (ECTO
(1)), mesomorphic (MESO (2)) and endomorphic (ENDO (3))
components in the somatotype of a particular subject [49].

ECTO (BL/BM, body length/body weight ratio) =
BL, sm

3/BM, kg ’ U
If BL/BM 240,75, so ECTO = 0,732 - BL/BM - 28,58.
If BL/BM 38,25 to 40,75, so ECTO =
= 0,463 - BL/BM - 17,63
If BL/BM <38,25, so ECTO = 0,5.

MESO = (0,858 - EW, cm + 0,601 - KW, cm + 0,188 - (UA, cm -
_ SFF triceps, mm +0,161 - (CC, cm SFF shin, mm )

0 _0131-BLcm)+45 1O (2)

ENDO =-0,7182 +0,1451 - X-0,00068 - X2 +0,0000014 - X. (3)

X = (SFF triceps, mm + SFF back, mm +
170,18)

L, sm

+ SFF supraspinatus, mm) - (

Assessment of each component was done due to recom-
mendations published by J.E.L. Carter, B.H. Heath [49]. The

ECTO, MESO and ENDO values from 0.5 to 2.5 were consi-
dered as low contribution; from 2.6 to 5.5 as moderate, from
5.6 to 7 as high, 7.1 and above as very high contribution.

Body mass index was calculated using Kettle formula (4).
Body weight deviations were assessed taking into account
the 1995 World Health Organization (WHO) recommenda-
tion for the Asian cohort of subjects [50]: BMI <18.5 — un-
derweight; BMI 18.6 to 22.9 — normal body weight; BMI
23.0 to 27.4 — overweight; >27.5 — obesity.

_BM, kg
T BLZm @

Comparison of anthropometric parameters and quantita-
tive contribution of ecto-, meso- and endomorphic body type
in residents of Dushanbe and GBAO was performed using
the Mann-Whitney U-test. The decision to use a nonpara-
metric test was made after checking the data using the Sha-
piro-Wilk test, which indicated a deviation from the normal
distribution. Categorical variables, the numerical ratio of the
distribution of the contribution of various components of so-
matotypes and body weight deviations were analyzed using
the Pearson ¥? test for 4x2 conjugation tables.

Calculations were performed using the statistical soft-
ware Past version 2.17, Norway, Oslo (2012), the statisti-
cal algorithm StatXact-8 with the Cytel Studio software
package version 8.0.0. Results were considered significant
at p <0.05. All continuous data are presented as arithmetic
means and 95% confidence intervals (Cl). Categorical data
are presented as proportions with 95% Cl.

BMI

RESULTS

As shown in Table 1, residents of Dushanbe, compared
to their peers from GBAO, had statistically significantly hig-
her values of body length and weight, width of large joints,
sizes of all skin-fat pads and endomorphy in combination
with lower values of meso- and ectomorphy. The values of
shin and shoulder circumferences were not statistically sig-
nificant (Table 1).

Data analysis showed that the distribution of contribu-
tions of ecto-, meso- and endomorphism of varying degrees
(low, moderate, high, very high) is heterogeneous and sta-
tistically significantly differs in volunteers from Dushanbe
and GBAO (Table 2, Fig. 2). Consequently, the degree of
ecto-, meso- and endomorphism depends on the region of
residence.

The distribution of weight deviations determined by BMI
is heterogeneous and statistically significantly different in
young men living in Dushanbe and GBAO (Table 3). Thus,
the presence of underweight, normal or overweight, and
obesity depends on the region of residence.
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Table 1

Comparison of anthropometric parameters and ecto-, endo- and mesomorphic somatotype components contributions
in young men living in different regions of the Republic of Tajikistan

Tabnuua 1

ConocraBneHne aHTPONOMETPUYECKMX NapaMeTPOB M BKNaAa 3KTO-, 3HAO0- U Me30OMOP(HOro KOMMOHEHTa comMaToTMna
Y MonofbIX MYXYMH, TPOXMUBAIOLWMX B Pa3NiMUHbIX pernoHax Pecny6nuku TagkukmcTaH

MapameTp / Parameter [ywanbe / Dushanbe A0 / GBAO p-3HayeHus / p-value

[nuna Tena, cm / Height, cm 171,18 (170,32; 172,04) | 156,45 (155,31; 157,60) 1,19x10-6!
Macca Tena, kr / Body mass, kg 64,88 (63,75; 65,97) 44,23 (43,45; 45,02) 1,87x10-%
WHaekc maccsl Tena, kr/m? / Body mass index, kg/m? 22,08 (21,76; 22,39) 18,04 (17,80; 18,28) 1,47x107%
LUnpuHa konewa, cm / Knee breadth, cm 6,38 (6,32; 6,45) 7,04 (6,91;7,16) 3,27x107"5
LUnpuHa nokts, cm / Elbow breadth, cm 5,44 (5,40; 5,48) 5,74 (5,67; 5,82) 1,10x10-8

OkpysHocTb ronenu, cm / Calf circumference, cm 36,88 (36,46; 37,30) 37,16 (36,67; 37,66) 0,409

OkpyxHocTb nneva, cM / Upper arm circumference, cm 32,40 (31,94; 32,87) 31,92 (31,40; 32,44) 0,1868
KoxHo-xupoBas cknagka nneyo, cM / Upper arm skinfold, cm 3,09 (2,99; 3,18) 1,28 (1,23; 1,33) 3,49x10-%°
KoxHo-xupoBas cknagka nog nonaTkoi, cm / 2,55 (2,44; 2,69) 1,72 (1,66; 1,78) 1,71x10-1

Subscapular skinfold, cm
KoxHo-upoBas cknagxa ronexu, cm / Calf skinfold, cm 0,67 (0,65; 0,68) 0,16 (0,16; 0,16) 5,54x10-14
KoxHo-xupoBas cknagka HagocTtHasi, cM / Suprailiac skinfold, cm 1,87 (1,76; 1,98) 1,41 (1,35; 1,47) 1,51x10°6
Okromopchus, yen. ed. / Ectomorphy, conv. units 2,76 (2,61; 2,91) 3,91 (3,74; 4,08) 7,64x107"9
Me3somopdus, yen. eq / Mesomorphy, conv. units 1,92 (1,75; 2,10) 4,88 (4,64; 5,11) 1,86x10-%8
OHpomopdus, yen. eq / Endomorphy, conv. units 6,69 (6,51; 6,85) 4,42 (4,31;4,54) 3,06%10-6
Table 2
Prevalence of various components of somatotypes contributions in young men living in Dushanbe
and Gorno-Badakhshan Autonomous Oblast
Tabnuua 2

PacnpeneneHue BknagoB pa3nnyHbIX KOMIOHEHTOB COMATOTMNOB Y MOMOAbLIX MYXYMH,
npoxuBatowmx B r. [lywaH6e u FopHo-BaaaxwaHckon aBTOHOMHOM o6nacTy

Bknag / Contribution |

[ywanbe / Dushanbe

I'BAO / GBAO

Oktomopchus / Ectomorphy*

Hwakuit / Low

0,42 (0,36; 0,48)

0,23 (0,17: 0,29)

YmepeHHbint / Moderate

0,56 (0,50; 0,62)

0,62 (0,55; 0,69)

Boicokui / High

0,02 (0,01; 0,04)

0,14 (0,10; 0,20)

OueHb Bbicokuit / Very high 0(0; 0,01) 0,01 (0,002; 0,03)
Me3somopdcpus / Mesomorphy**

Huakmii / Low 0,65 (0,59; 0,71) 0,13 (0,09; 0,18)

YmepeHHbiit / Moderate 0,32 (0,26; 0,38) 0,52 (0,44; 0,59)

Beicokuit / High 0,03 (0,01; 0,05) 0,23 (0,17; 0,29)

OueHb Bbicokuit / Very high 0,01 (0,0004; 0,02) 0,13 (0,09; 0,18)

OHpomopdus / Endomorphy***

Huskuin / Low

0(0;0,01)

0,01 (0,002; 0,03)

YmepeHHbin / Moderate

0,29 (0,23; 0,35)

0,83 (0,77; 0,88)

Bbicokuii / High

0,15 (0,10; 0,21)

OvueHb Bbicokuit / Very high

(
0,31(0,25; 0,37)
0,41 (0,34; 0,47)

0,01 (0,001; 0,03)

Note: / MpumeyaHue: *p=3,69x107%; *p=1,13x10-%; **p=2,76x10-"4,
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Table 3
Distribution of body weight deviations in young men living in Dushanbe and Gorno-Badakhshan Autonomous Oblast
Tabnuua 3
PacnpepeneHue OTKIIOHEHWIA MAacChl TeNa y MOnoAbIX MYXYuH,
npoxwuBatowmx B r. [lywan6e u NopHo-BagaxwaHckon aBTOHOMHOW obnacTu
Bknap / Contribution [ywanb6e / Dushanbe BAO / GBAO
Deduuynt maccel Tena / Underweight 0,11 (0,07; 0,15) 0,61 (0,54; 0,68)
HopmansHas macca Tena / Normal body weight 0,55 (0,48; 0,61) 0,37 (0,30; 0,44)
M3bbiTouHas macca Tena / Overweight 0,28 (0,22; 0,34) 0,02 (0,01; 0,05)
Oxwpenue / Obesity 0,07 (0,04; 0,10) 0,00 (0,00; 0,02)
Note: / llpumeyaHue: p=1,607x10-°.
16 16
Mesomopd / Mesomorph i Mesomopdy / Mesomorph "
12
10
-8
o]
L4
L2
F 0
k-2
k-4
]
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4 7 6 5 4 3 2 4 0 1 2 3 4 5 6 7 8 4 7 6 5 4 3 2 4 0 1 2 3 4 5 6 7 8
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Fig. 2.  Distribution of somatotype profiles in young men living in Dushanbe (a) and Gorno-Badakhshan Autonomous Oblast (b)

Puc. 2.
How obnacTu (6)

DISCUSSION

To our knowledge, this is the first study to compare consti-
tutional and anthropometric characteristics of young men living
in Dushanbe and GBAOQ. The other studies with the similar aim
were conducted in children, young women and did not take
into account the territorial distribution of subjects [45, 47, 51].
Persons from Dushanbe surpassed their peers from GBAO
in almost all anthropometric parameters: they are tall, heavy,
with a large amount of subcutaneous fat and high bone mass
(Table 1). Also, 72% of the capital’s residents demonstrate a
high and very high contribution of the endomorphic component
of somatotype (Table 2, Fig. 2). In 35% of them, overweight and
obesity were identified (Table 3). At the same time, subjects
from GBAO were distinguished by a high and very high contri-
bution of the mesomorphic (36%) component of somatotype in
combination with underweight in 61% of subjects. For residents
of Dushanbe, these indicators were recorded at the level of 4,

PacnpegeneHne npodunsi COMaTOTUNOB Y MOMOABIX MYX4UH, NPOXMBaloWmX B r. flywaH6e (a) u FopHo-BaaaxiwaHcKoi aBTOHOM-

2 and 11%, respectively (Tables 2, 3, Fig. 2). The high and very
high contribution of the ecto- and endomorphic somatotype
among residents of GBAO was approximately equivalent —
15 and 16%, respectively.

In recent studies, examining more than 1000 subjects of
different sexes and ages, it was found that the prevalence
of overweight and obesity among residents of the capital of
Tajikistan is 20-25% [52, 53]. This generally corresponds
to the 35% prevalence of these disorders obtained in our
work and the results of other studies involving adults [54]
and children [55].

It is noted that the main reason for the increase in meta-
bolic disorders is the formation of incorrect eating patterns
and motor behavior in the population [51]. Recent surveys
have shown an increase in the total volume of food con-
sumed in combination with a decrease in physical activity in
urban residents of Tajikistan [51, 53, 54]. More than 95% of
respondents regularly consumed flour products, up to 30%
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of respondents indicated a preference for fast food and its
regular consumption 1-2 times a week [51, 53], while 63%
of respondents did not eat enough vegetables and fruits
[56]. Only 8% of 1000 participants said about regular physi-
cal activity in their life [51]. It is also assumed that leptin
resistance [57] and insulin resistance [58, 59] play a signifi-
cant role in the development of metabolic disorders in resi-
dents of Tajikistan. Despite the innate determination of body
types [60], environmental factors and lifestyle can influence
the expression of one or another component of the somato-
type [40, 61]. For example, endomorphic body type shows
a strong positive correlation with the thickness of skin and
fat folds [62]. Thus, the endomorphization of body type in
Dushanbe residents can be explained by the prevalence
of excess body weight, which is also shown in this work.
Dushanbe is the largest city, the capital of Tajikistan, with a
widespread network of public catering establishments pro-
viding high-calorie food with fast service and a developed
network of public transport, eliminating the need for walking
long distances [63]. GBAO, on the contrary, is a rural region,
the economy of households of which is based exclusively
on the agricultural sector, which forces more than 70% of
its residents to work daily on their own plots, consuming
large amounts of energy [53]. Fast food establishments
are not widespread in this region, and the socioeconomic
conditions of the population are also low [63]. In this work
we identified underweight in 60% of examined men living in
GBAO. Thus, we assume that intensive physical activity in
combination with a negative energy balance in the majority
of GBAO residents may be the reason for the increase in
ecto- and mesomorphic components of body type (Table 2,
Fig. 2). It should be noted, that the obtained results partially
contradict the literature, which reports that the prevalence
of overweight among residents of GBAO is high. According
to our data, only 2% of men from GBAO had overweight
(Table 3), and at the same time 16% of them had endomor-
phic body type (Table 2). This can most likely be explained
by the wide range of ages of the subjects and the limited
scope of observations [56]. Our results partially coincide
with the data published on the results of studies conducted
in 2000-2008 involving newborn children from GBAO [64].
It should be emphasized that the age of participants in this
study suggests that they were born in 2000-2002.

The article compared anthropometric parameters of
residents of flat areas from the city of Dushanbe (706 m
above sea level) and volunteers who have lived in high-alti-
tude conditions since birth — the urban-type settlements of
Vanch (1722 m above sea level), Roshtkala (2696 m above
sea level), Ishkashim (3037 m above sea level), Shugnan
(2287 m above sea level), Murghab (3618 m above sea le-
vel), the city of Khorog (2123 m), located in GBAO. Nume-

rous studies have documented the impact of high altitude
living conditions on the physical development of adults and
children. Andrade et al. (2023) reported a dominant meso-
morphic body type in prepubertal children living in high
altitude areas of Argentina [65], which is consistent with
the results of the survey of GBAO residents in this work.
Observational studies conducted with the participation of
Nepalese [66], Ethiopian [67], Tibetan [68], Sri Lankan [69],
Peruvian [70, 71], Colombian [72, 78], Indian [36] cohorts
revealed a deficit in linear growth in children living in high
altitude conditions. In our study, residents of high-mountain
regions also lagged behind their peers from Dushanbe in
terms of apical body length (Table 1). Some authors believe
that intrauterine hypoxia can cause growth retardation in
fetuses and newborns from high-mountain regions [73]. An-
thropometric deficiency and small lung size [74], as well as
genetic polymorphism of cell cycle regulators and signalling
molecules involved in the transduction of the key mecha-
nism of bone lengthening [75], insulin-like growth factor 1
[76], are likely to be mechanisms limiting the rate of “catch-
up” growth during the pubertal spurt [72, 77] in children with
short stature due to the influence of high altitude. According
to J.I. Martinez et al. (2021), maternal short stature caused
by high altitude and hypoxia can be transmitted to the next
generations [78]. It should also be noted that ectomorphic
body type is positively associated with the polymorphism of
the adrenoreceptor gene ADRB3 rs4994 genotype Trp64Arg
[79], the alpha-actinin-3 gene ACTN3 RX [80], the brain-de-
rived neurotrophic factor BONF variant rs925946, neurexin-
3-alpha NRXN3 variant rs10146997, the obesity-associated
gene FTO variant rs9939609 and the protein kinase gene
MAP2K5 rs4776970 [17]. Mesomorphic type is associated
with NRXN3 variant rs10146997, FTO variant rs9939609
[17]. Endomorphic type is associated with ADRB3 rs4994
genotype Trp64Trp [79], KLF14 polymorphism [81], BDNF
variant rs925946, NRXN3 variant rs10146997 [17]. Identifi-
cation of genetic determination of body shape and its influ-
ence on motor functions and endurance in GBAO residents
may become the subject of future research.

The high prevalence of underweight combined with
meso- and ectomorphic components in residents of high-
altitude regions of Tajikistan identified in the article also
corresponds to literature data. Several independent studies
have confirmed a reduced risk of overweight and obesity in
residents of highland regions of Nepal [81], Tibet [82], and
the United States [83].

The high prevalence of underweight in combination with
meso- and ectomorphic components in high-altitude popula-
tions revealed in the article is a strong point of this work is
the attempt to create a prognostic model of a personalized
approach to monitoring the health status of residents of the
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Republic of Tajikistan in connection with the territory of their
residence and environmental features. Thus, the endomorphic
somatotype revealed in men from Dushanbe, in case of their
failure to comply with the principles of healthy nutrition and
lifestyle, can be a predictor of metabolic disorders and asso-
ciated functional disorders. In patients from Tajikistan suffering
from obesity, a high levels of oxidative stress [84], insulin re-
sistance [58, 59], and thyroid dysfunction [85] were revealed.

Ecto- and mesomorphic body types, found in residents of
mountainous regions of the republic, can explain the develop-
ment of underweight with improper nutrition and gastrointes-
tinal tract disorders. Malnutrition and growth retardation are
risk factors for the development of cognitive impairment [86,
87], decreased motor functions [88], micronutrient deficiency
[89], and increased susceptibility to infectious diseases due
to decreased immunity [90, 91]. However, the literature does
not report the prevalence of diseases associated with growth
retardation and low weight in residents of GBAO. Based on
this, it can be assumed that young men have a compensated
form of body weight deficiency. The prevalence of meso- and
ectomophic body types has a “positive” side. As mentioned
earlier, these somatotype variants are positively associated
with the development of motor skills and endurance in ath-
letes [9, 10, 92, 93]. Thus, healthy male athletes from GBAO
may gain a biological advantage to achieve maximum ef-
ficiency of sports training and the likelihood of selection into
professional teams [4, 11, 94].

The described patterns are the result of the imple-
mentation of a pilot project, so this study has a number of
limitations. Firstly, the work did not involve determining the
functional, hematological, genetic, biochemical characteris-
tics of residents of Tajikistan and their correlation with the
somatotype. Secondly, these results require reproducibility
in other comparison groups (women, children). Thirdly, it is
necessary to examine a sample from other areas, focusing
on the influence of environmental factors, highlands, living
in rural and urban regions of Tajikistan on the anthropomet-
ric characteristics of residents of the republic.

CONCLUSION

1. The anthropometric profile and constitutional diversity
of young male residents of the Republic of Tajikistan de-
pend on the region of their permanent residence.

2. The city of Dushanbe, the capital of the republic, is
characterized by high urbanization, which has led to the
creation of conditions that have affected the level of physi-
cal activity and nutrition of young people. Subjects from Du-
shanbe are distinguished by tall stature, high thickness of
subcutaneous fat, massive bones, endomorphic body type,
as well as the prevalence of overweight and obesity.

3. Their peers from GBAO, a region with an agrarian
economy of households requiring energy-intensive ma-
nual work, were characterized by anthropometric deficits
in linear growth, weight, bone mass, subcutaneous fat
thickness in combination with a predominantly mesomor-
phic somatotype and a high prevalence of nutritional de-
ficiencies.

The obtained results open up the possibility of introdu-
cing elements of a personalized approach to monitoring the
health of residents of Tajikistan, expressed in the creation of
prognostic models of nutritional status disorders and related
pathologies. They can also be useful for the implementation
of sports selection programs based on the analysis of physi-
cal development.
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AOMONHUTENBbHAA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbI BHECMN CYLLECTBEHHbIN
BKNag B pa3paboTKy KOHLENuuW, NpoBeAeHne uccneaoa-
HWS! 1 NOATOTOBKY CTaTby, NPOYNK 1 0806pnUnN uHaNbHYO
Bepcuto nepea nybnukaumen.

KoHdnukT mHTepecoB. ABTOpPbI LEKNApUpYT OTCYT-
CTBME SBHbIX W MOTEHUMaNbHbIX KOH(IIMKTOB WHTEPECOB,
CBSA3aHHbIX C NybnukaLuen HacTosLen cTaTby.

WUcTouHnk cpuHaHcupoBaHus. ABTOpbI 3asBnsoT 06
OTCYTCTBUM BHELUHEr0 (PUHAHCUMPOBAHUSA MPU NPOBELEHUN
nccneaoBaHus.

MHdopmupoBaHHOe cornacue Ha ny6nukaumio. As-
TOpbI MOMYYUNK NUCbMEHHOE cornacue nauueHToB Ha ny-
Brkaumio MeANLMHCKNX LaHHbIX.
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