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Introduction

Abstract

BACKGROUND: Over the past decade, the Republic of Kazakhstan has undergone various socio-economic
transformations, which have revealed many negative factors affecting the health and quality of life of the population,
especially the younger generation.

AIM: The study aim is to study the morphofunctional and hematological parameters of the 1st year university
students.

METHODS: The health status for a total of 400 1°-year students, who arrived for studying from the northern regions
(North Kazakhstan, Petropavlovsk) and the southern regions (Turkestan, Kyzylorda), was evaluated during the
study. The study investigated some morphological and functional parameters of the organism (body length, body
mass index, chest circumference, vital lung capacity, vital index, blood pressure, heart rate, etc.), and hematological
indicators (the total number of red blood cells, white blood cells, the concentration of hemoglobin in the blood, etc.).
The results were processed by means of variational and differential statistics.

RESULTS: Comparing the physical health of students from both regions, a significant difference in main
morphofunctional and hematological indices has been established. The functional indicators of the cardiovascular
and respiratory systems were higher in students from the southern regions, which reflected a good adaptive reaction
to studying at the university, as well as new climatic and geographical conditions. Students from the southern regions
were reported to have lower red blood cell amounts and mild anemia compared to those from the northern regions.

CONCLUSION: Therefore, constant monitoring of the health state among youth is required to develop effective
tactics for the students’ smooth adjusting to living in new social and climatic conditions.

southern regions at universities in Northern Kazakhstan.
This project can allow equalizing the regional imbalance
in the employment market, which is caused by low birth

In recent decades, different socio-economic
transformations that occurred in the Republic of
Kazakhstan revealed many negative phenomena
conceivably affecting the state of health and quality
of life of the population. This particularly concerns
the deterioration of health among the younger
generation [1], [2]. It has been shown that the pace of
morphological and functional development in youth and
their health state depend not only on the gene pool but
to a large extent on environmental factors [3], [4].

Residents of various climatic-geographic zones
differ in morphological parameters, as well as by the
specifics of metabolic processes in each region [5], [6].

The Government of the Republic of Kazakhstan
has adopted and is implementing the Serpin-2050
social project, according to which preferential state
educational grants are provided for applicants from the

rates and external migration in the northern part of the
country [7].

At the same time, some researchers note that
the process of adaptation of an average healthy person
to the climatic and social conditions is accompanied
by fairly pronounced changes in all systems involved
in the oxygen supply of tissues. Initial changes at the
biochemical, cellular, and tissue levels are manifested
afterward in the functional changes of the respiratory
system, blood circulation, and red blood cells. The blood
circulation system plays a dominant role in maintaining
homeostasis in constantly changing environmental
conditions and is one of the first to be included in the
adaptation process [8], [9], [10], [11], [12].

Based on the foregoing, research was
undertaken to investigate the morphofunctional and
hematological indicators of the health state among
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1°-year students, who came to study from the northern
and southern regions of the Republic.

Methods

The study was conducted on the basis of
M. Kozybaev North Kazakhstan State University in
September of 2018-2019 academic year. The study
included 17—18 years old 1°-year students (200 girls and
200 boys of Kazakh nationality). The participants were
selected by age, gender, and place of residence (north,
south); residence in the region from birth to the present
time was taken into account. All participants belonged
to health Groups 1 and 2; in other cases, participants
were excluded from the study. The study design included
the assessment of morphological, physiological, and
hematological characteristics of 1%-year students.
The morphological and functional indicators of the
students’ health were studied in the medical office of
the university using standard equipment (height meter,
scales, portable dry spirometer SPP, tonometer, and
electrocardiograph “Axion EK 1T-077).

Anthropometric parameters were evaluated
by BL, BM, and chest chest circumference (CHC).
According to obtained BL, BM, and CHC values, the
body mass index (BMI), stenium (Sl), and Pinier (PI)
indices were calculated [13]. The type of constitution
was determined according to Chernorutsky [14].

The indexes of stenium and Pinier were used
to assess individual constitutional type.

Sl = BL, cm/(2xBM, kg+CHC, cm) (1)

The S| value above 1.25 indicates the
predominance of the dolichomorphic body type, Sl within
the range of 0.85-1.25 expresses the mesomorphic
type, and below 0.85 assumes the brachymorphic
type [15].

PI BL, cm—(BM, kg+CHC, cm) (2)

When assessing the Pinier index, the value
above 30 is typical for asthenic body type, within the
range from 10 to 30 characterizes the normostenic body
type, and below ten assumes that of hypersthenic [14].

For the experiment, the following functional
parameters were determined:

1. The strength of the hands (SH) with the help
of dynamometer and hand force index (HFI) by
the formula:

HFI=SH (kg)/BM (kg) (3)

2. Vital lung capacity (VC) with the help of air

spirometer and vital index (VI) by the formula:
VI=VC (ml)/BM (kg) [15].

To assess the individual value of VC, it was
compared with VC (ShVC) based on indicators of body

length (BL) and body mass (BM). The ShVC (ml) was
calculated by the following formulas:

for males: ShVC=40xBL (cm)+

30xBM (kg)—4400 4)
for females: ShVC=40xBL (cm)+
10%xBM (kg)-3800 (5)

The functional efficacy of the cardiovascular
system in conditions of relative rest was evaluated by
the double product (DP):

DP=(SBPxHR)/100 (6)

where SBP is systolic blood pressure (BP) in
mm Hg, and HR is the heart rate in bpm [14], [15].

To assess the functioning level of the blood
circulatory system, the adaptive potential (AP) was
applied [14].

Calculation of AP (in points) was carried out
according to the formula:

AP=0.011 (HR)+0.014 (SBP)+0.008
(DBP)+0.014 (A)+0.009 (BM)-0.009
(BL)+0.004 (G)-0.273 (7)

where HR is the heart rate (HR), bpm; SBP;
and DBP are systolic and diastolic BP, respectively,
mmHg; A is the age, years; BM is the body mass, kg;
BL is the body length, cm; and G is the gender (male —1
and female —2). The results were evaluated by the
following parameters: satisfactory adaptation - no more
than 2.10 points, adaptation stress - from 2.11 to 3.2,
unsatisfactory adaptation - from 3.21 to 4.3, and failure
of adaptation - from 4.31 and higher [16].

Assessment of the main characteristics
of peripheral blood was carried out based on the
Regional Blood Center of Petropaviovsk. Counting
and differentiation of the formed elements of peripheral
blood were performed by an automatic hematological
analyzer “Sysmex XS-1000i" (Sysmex Corporation,
Japan). Blood sampling was taken from all study
participants in the morning on an empty stomach.
The analysis of peripheral blood parameters included
the total number of red blood cells, white blood cells,
and the concentration of hemoglobin in the blood.
Erythrocyte indices were examined as well, namely, the
average corpuscular volume of an erythrocyte and the
average content and concentration of hemoglobin in an
erythrocyte.

The results were processed by means
of variational and differential statistics applying
non-parametric Student’s criteria for independent
samples at a significance level of p<0.05.

All students gave their voluntary consent to
take part in the study. The study design was adopted by
Ethical Committee of M. Kozybayev North Kazakhstan
State University (protocol No. 6 of 27 Jun 2018).
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Results

Anthropometric indicators largely depended on
the place of previous residence. Students of both sexes
from the southern regions had higher body mass and
CHC indices, while the BL value was higher for northern
residents in all studied groups (Table 1).

Table 1: Anthropometric parameters of students from the
northern and southern regions

Indicators Women of the Women of the Men of the Men of the
northern regions  southern regions northern regions southern regions
(n=100) (n=100) (n =100) (n=100)
Height,cm  162.3+0.4 160.1 £ 0.3" 172.1 £ 0.4* 171.8 £0.3*
Weight, kg~ 56.8 0.6 60.2 £ 0.8 71.1+0.4* 73.8 + 0.4+
CHC, cm 82.9+0.5 88.06 + 0.6" 91.8 £ 0.4* 95.04 + 0.4*"

*0.05, significant differences between the students of different sex. ”Sigmficant differences between the
students of different regions. CHC: Chest circumference.

A qualitative assessment of anthropometric
parameters was given based on the BMI. An analysis
of the BMI showed that male and female students from
the southern regions had a higher rate than those from
northern parts of the country.

Moreover, the BMI in students from the
southern regions corresponded to “increased fatness,”
and in the inhabitants of the northern regions, this
indicator had the normal value (Table 2).

Table 2: Indices of students’ physical development

Indicators Women of the Women of the Men of the Men of the
northern regions southern regions northern regions southern regions
(n =100) (n=100) (n =100) (n =100)

Body mass 21.6+0.2 235103 24.02 £0.1% 25.02 £ 0.1%"

index, kg m?

Pl, c.u 22.5% 1.01 11.8+1.3" 9.1+0.8* 2.9+0.7%

*<0.05 Significant differences between the students of different sex. «Signiﬁcanl differences between the
students from different regions. PI: Pinier index.

The Pinier index, which characterizes the
type of physique of a person, was higher in the group
of students from the northern regions compared to
representatives of the southern regions. Young men
in both groups had a hypersthenic type of constitution,
while the women of the northern regions had the Pinier
index values consistent with the normosthenic type,
while the students from the southern regions tended to
have hypersthenia (Table 3).

Table 3: Distribution of students by body weight (%)

Group Weight loss Standard Weight excess
Women Men Women Men Women Men

North 10 0 7 66 13 24

South 8 0 58 71 34 29

It is shown in Table 3, among the women
of the southern regions, persons with excess body
weight prevailed, while the majority of women from the
northern regions had the normal body weight. In young
men, a lack of body weight was not observed, and an
excessive body weight was observed in 24% of young
men of northern and 29% of the southern regions.

An assessment of the wrist dynamometry
among students depending on the place of residence
showed that men and women from the southern regions
of the Republic had higher indicators of the strength of
their right and left hands (Table 4).

Table 4: Functional parameters of body

Indicators Women of the Women of the Men of the Men of the
northern regions  southern regions northern regions southern regions
(n=100) (n=100) (n =100) (n =100)

HFI, kg/kg 55.1+1.07 64.03 + 1.17 70.6 +0.9* 72.7+0.7*

VI, mi/kg 52.6+0.8 571+ 1.1 59.1+0.9* 62.7 £ 1.04*"

Adaptive 1.8+0.01 2.1+0.02" 2.04 £0.01* 2.2£0.01%

potential, c.u

*<0.05 Significant differences between the students examined by gender. #Signiﬁcant differences between
the students examined by regions. HFI: Hand force index, VI: Vital index.

Young men who came to study from the
southern regions had higher absolute values of hand
dynamometry that indicated the higher functional
capabilities of the muscular system. Since the absolute
values of wrist dynamometry cannot give a complete
understanding of functional differences, the calculated
wrist index was applied, which showed the relation
between the strength of the hands and the body weight.
According to the carpal index, students of the southern
regions also had higher rates compared to those from
the northern regions.

When examining the indicators of the
respiratory system functional state, the value of vital
capacity for students in the northern regions was
noted to be generally lower than the age-appropriate
due values, while for the students from the southern
regions, the VC indicators were normal (Figure 1).
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Figure 1: Functional state of the respiratory system of students from
the northern and southern regions. *<0.05 significant differences
between students from the northern and southern regions; (a) Women;
(b) Men; VC: Vital capacity, ShVC: Should vital capacity

During the study, it has been established that
in students from the southern regions, the HR at rest, as
well as SBP and DBP values were higher than similar
indicators of people living in the north of the Repubilic.
Thus, BP indicators express the regional differences,
which can be attributed to a higher stress level of the
functional state of the cardiovascular system in the
process of students’ adaptation to new climatic and
geographical conditions (Figure 2).

Given the indicators of physical development,
the level of physical health, and functional reserves of
the body were estimated. More than half of the 1%-year
students from both regions had an average level of
physical health, namely, for the northern regions - 59%
female and 47% male students, and for the southern
regions - 44% female and 49% male students. At that,
the level of health in about 30% of women and 19%

Open Access Maced J Med Sci. 2021 Sep 11; 9(A):753-759.

755



A - Basic Sciences

Physiology

g 3
140 4 * 140 7
A P
120 7 120 7
100 Pg 100 7
s0 7
/
0 7 0
60 7 a0 7
a0 7 0 7 .
20 7 0 < N
— N D
7 S & R
& S «
HR SBP (mmHg)  DBP (mmHg) F S &
Q (beats/min) Hnorth W south

Figure 2: Indicators of the cardiovascular system functioning in
students from the northern and southern regions. *<0.05 Significant
differences between students from the northern and southern
regions; (a) Women; (b) men; HR: Heart rate, SBP: Systolic blood
pressure, DBP: Diastolic blood pressure

of men from the southern regions was stated as below
average.

Among the examined students, low health
prevailed among young men of the southern regions
and amounted to 27%. In general, when evaluating the
level of physical health of the 1°-year students according
to the method of Apanasenko, students of the northern
regions was determined to have an average level of
physical health, and for those from the southern regions
of the republic, a lower level of health was noted.

The results of studies of blood parameters
in students from different climatic and geographical
regions are shown in Table 5. It has been established
that all the obtained indicators were within referential
ranges. However, when comparing the obtained results,
some significant differences were noticed. Thus, in
residents of the northern regions, the red blood cell
counts were higher in comparison with representatives
of the south. The hemoglobin content in the blood of
students was reported as normal. Although, among
women from the southern regions, a deviation from
reference values was observed and the hemoglobin
level was 108.2 + 2.7 g/l. Studies conducted in the
Kyzylorda region among women between 18 and
45-years-old revealed iron deficiency anemia in 40.2%
of the examined females. This value was significantly
higher than that found among women in Europe (14%),
but below-average values among African (48%) and
South Asian women (57%) [17], [18].

The prevalence of anemia in Kazakhstan
among women of reproductive age was about 40% in
2008 [17].

An important physiological indicator of the
body condition is the erythrocyte sedimentation rate
(ESR). All obtained ESR values fit into the physiological
norm. However, these indicators were lower for young
men compared to women. In terms of geographical
division, for students from the northern regions, the ESR
parameters were 2.7 £ 0.2, and for representatives from
the southern regions — 9.6 £ 2.4 mm/h. Among women,
the differences in this parameter were also reported as
significant, but less evident.

Table 5: Blood counts for students from the northern and
southern regions

Women of the ~ Men of the Women of the Men of the
northern regions northern regions southern regions southern regions
(n=100) (n=100) (n=100) (n=100)

Indicators

The total number 6.3 +0.4 6.29 +£0.19 5.72+0.1 55+0.2°
of leukocytes,

x10%

The total number 4.5 +0.09
of red blood
cells, 10"/l
Hemoglobin
concentration, g/l
Hematocrit,%
The average
volume of the
red blood cell in
the total sample
volume, fl (MCV)
The average
volume of
hemoglobin in
red blood cells,
pg (MCH)

The average
concentration of
hemoglobin in
red blood cells,
gm/dl (MCHC)
Total platelet
count, x10/
Absolute number 3.7 + 0.3
of neutrophil, c.u
Absolute
number of
lymphocytes, c.u
The absolute
number of
monocytes, c.u
The absolute
number of
eosinophils, c.u
The absolute
number of
basophils, c.u
ESR, mm/h 13.3+25 2.7+0.2* 11.0+£1.6 9.6 +2.4"
*<0.05, significant differences between the students of different sex. ﬂSignificant differences between the
students from different regions. MCV: Mean corpuscular volume, MCH: Mean corpuscular hemoglobin,
MCHC: Mean corpuscular hemoglobin concentration, ESR: Erythrocyte sedimentation rate.

4.75 £0.08* 4.11 £ 0.06" 45+0.1*

114 +45 139.8 £ 2.9% 108.2+27 122.9 £ 4.8%"

41 0.2+
90.6 + 1.9"

36.9+0.7
90.2+1.8

38613
85.6+25

45.3 £0.9%
95.3+0.7*

24.9+1.05 29.3+0.2* 26.4+0.6 27.1+0.7"

28904 30.8+0.1* 29.1+0.2 29.8+0.3"

273.08 +8.2 222.7 +10.6* 322.8 +21.2° 277.2£13.2°

3604 3.26+0.1 3+0.1

20101 1.8+0.1 1.82+£0.07 1.9+0.1

0.49+0.03 0.6 £0.04* 0.52+0.02 0.4 +0.003*

0.11£0.01 0.14£0.01* 0.14 £0.02 0.14 £0.01

0.03 £ 0.005 0.01+0.001* 0.02 + 0.001 0.02 + 0.006

The hematocrit parameters corresponded
to standard values. In both gender groups from the
northern regions, the obtained rates were higher than
in students who came to study from the southern
regions. Since the hematocrit reflects a fraction of the
blood cell volume, it can be assumed that its increase
was associated with an increase in the number of red
blood cells in the circulating blood, which in this case
was probably due to the stress of the body’s adaptive
mechanisms.

Changes in the general level of leukocyte
counts are of great importance since they illustrate the
body’s response to the action of various exogenous
and endogenous factors. A significant decrease in this
parameter was revealed among the 1°-year students
from the southern regions compared to those from the
northern part.

As to platelet count among students of
both sexes, a significant increase was observed in
representatives of the southern regions, which may
indicate the sensitivity of hemostasis cells to stressful
effects on the body.

When studying erythrocyte indices in students,
it has been established that the average erythrocyte
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volume in the total sample volume among women from
the southern regions was higher, while among young
men from the northern regions of the Republic this
parameter was significantly higher.

Changes in blood counts among students from
the southern regions of the Republic compared to those
from the northern regions indicated the presence of a
stress reaction of the blood system when adapting to
new climatic, geographical, and social conditions.

Discussion

The obtained results coincide with the data of
Fedorov, who reported the lower values for the functional
parameters of external respiration in the male and
female population of the northern regions. The level of
functioning of the respiratory system largely depends on
the students’ motor activity and a set of extreme factors
(strong winds, low air temperature, daily changes in
temperature, atmospheric pressure, etc.) [19].

Satisfactory adaptation, or the first health level,
is typical for the most male and female students from
the northern regions. Representatives of the southern
regions have a lower adaptation potential. The group
with functional tension included men and women in
the southern regions. These indicators correspond
to the stress state of adaptive mechanisms, in which
functionality is provided by mobilizing internal reserves.
The level of adaptation in males is lower compared
to that in females. This can be attributed to their
greater sensitivity to environmental changes, psycho-
emotional condition, and gender characteristics of the
cardiovascular system functioning [12], [20], [21].

The study of healthy female students at Taiba
University showed that 64% of students have anemia,
and 81% have a microcytic (MCV<80 fL) variety [22].
In a study of university students in the province of
Hodeida, Yemen, hypochromic anemia was observed
in 30.4% (of which 54% were women, 46% were men);
MCV was 72.40 fL for male and 72.30 fL for female [18].
Anemia was observed in 74 students (33.4%) out of
total 221 students at the University of Faisalabad. Mean
+ SD of MCV of the anemic patients were 78.36+11.7
and mean + SD of MCV of the normal patients were 81
+ 13.10 [23]. In studies of Wu et al., it was found that
anemia prevails among female sex and is common for
the age of 12-17 years. An increased risk of anemia
was observed in underweight children from ordinary
and poor rural areas. Differences in the risk of anemia
depending on latitude were not observed [24]. In the
research performed by female medical students in
Karad, Maharashtra (India), it has been established that
the prevalence of anemia was 28.6% and was reported
as common in both underweight and overweight
students [25].

According to Balgimbekov and Tashenova, an
increase inthe average erythrocyte volume is associated
with a positive shift in the prooxidant-oxidative balance
in cell membranes, which contributes to an increase in
the functional properties of red blood cells [26].

Changes in blood counts among students from
the southern regions of the Republic compared to those
from the northern regions indicated the presence of a
stress reaction of the blood system when adapting to
new climatic, geographical, and social conditions.

Thus, a comparative assessment of the
physical health of 1%-year students who came to
study from different regions of the Republic showed
significant differences between morphofunctional and
hematological parameters. With high probability, this
can be attributed to initial climatic and geographical
conditions of residence before entering the university,
as well as stress response and adaptation of the body
to new living conditions in different regions of the
Republic.

The obtained materials broaden the
understanding of the influence of the complex of
morphofunctional and hematological characteristics on
the process of adaptation of students to education at the
university. The established patterns in the adaptation of
students and the data obtained are prerequisites for the
creation of regional standards of physical development
and functional indicators of students.

The results of the study make a certain
contribution to the fundamental provisions of age
physiology about the problems of human adaptation and
require further research for the optimal organization of
educational activities in higher educational institutions.

Conclusion

BL indicators of students from the northern
regions were significantly higher than those of students
from the southern regions, while higher body mass
and CHC indices were recorded for students from the
southern regions. The Ketle index was higher among
representatives of the southern regions. By the type
of physique, hypersthenics prevailed among students
from the southern regions, and normostenics commonly
represent the northern regions.

For the students from the southern regions, the
values of the hand index, VI, HR, and BP were higher
than among the northerners, which indicate good
muscular development but a higher stress level of the
CVS functional state in the process of adaptation.

Most young men and women of the northern
regions are characterized by satisfactory adaptation.
Representatives of the southern regions have though
a lower adaptation potential. An integral indicator
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characterizing the level of physical health showed that
a larger percentage of students in the northern regions
have an average health condition, while for the students
in the southern regions of the Republic, it was reported
to be lower.

Blood counts correspond to age and gender
standards; however, for the students of the southern
regions, a slight degree of anemia was noted. In
students from the southern regions, an increase in the
indices of platelet link and hematocrit was revealed,
which is typical for the adaptation processes of the
blood circulation system.

Ethical approval

The studywas conducted in accordance with the
ethical principles approved by the Human Experiments
Ethics Committee of L.N. Gumilyov Eurasian National
University (Protocol Ne 4 of 22.03.2019).
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