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Aim. The paper aims to assess vitamin (A, C, carotene) and iron content, as well as peroxi-
dation activity in the blood serum of athletes with scoliosis and anemia. Materials and methods.
620 adolescents aged from 13 to 18 were randomly selected. All participants were under clinical
supervision at a medical and physical education clinic in Veliky Novgorod. Of these adolescents,
3 groups were formed for further analysis: 1* group — apparently healthy adolescents (n = 20),
2™ group — adolescents with iron-deficiency anemia (n = 20), 3 group — athletes with scoliosis
and iron-deficiency anemia (n = 10). Blood test results were evaluated. The serum levels of vita-
min A, C, carotene, iron and malondialdehyde were measured. Vitamin C content was deter-
mined in the urine samples. ECG indicators were analyzed before and after exercise. Results. It has
been found that athletes with both scoliosis and anemia demonstrate significant changes in terms
of vitamin A and C levels, which trigger the processes that result in oxidative stress. These changes
can be one of the causes of frequent (in 50% of cases) ECG changes under exercise in this group
of athletes (extrasystole, transient SA block II degree). Conclusion. Iron-deficiency anemia is
mostly identified for the first time during a routine examination. Athletes with scoliosis and iron
deficiency anemia are advised for further medical examination and operational monitoring of
regulatory mechanisms, including vitamin content in blood serum, due to hypoxia and lipid

peroxidation.
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Introduction. Diseases of the musculoske-
letal system (scoliosis) are the most common pa-
thology in athletes. According to O. Goncharova
[8], there is an increasing number of children with
musculoskeletal disorders [28]. Therefore, the issue
of musculoskeletal system diseases is a priority
for modern medicine. The pathology of the mus-
culoskeletal system in children is formed by he-
reditary and social factors [11]. Musculoskeletal
system diseases among children are closely asso-
ciated with dysplastic processes, which are mainly
presented by scoliosis and flat feet [12]. Scoliosis
also leads to changes in the spinal configuration
with the local overload of its segments, which
results in limb disorders [4]. Joint hypermobility
and active training with asymmetric load on
the spine of adolescent athletes provoke the so-
called “sports scoliosis” [24].

As a result of scoliosis progression, the de-
formation of the chest occurs, which leads to nega-
tive changes in the cardiorespiratory system [7].

Hypoxia development is associated with iron-
deficiency anemia (IDA). Therefore, IDA progres-
sion occurs among adolescent athletes from 5
to 7.5 %.

Hypoxia is accompanied by the development
of oxidative stress, which leads to damage of cell
membranes and the emergence of pathological
conditions. A stable secondary product of lipid
peroxidation is malondialdehyde, which is deter-
mined in blood serum.

Antioxidants are non-enzymatic factors such
as vitamin A, C, carotene.

Regular sports activity increases the need
for vitamins. Studies of blood vitamin levels
indicate a combined vitamin deficiency in most
children [15].

According to other researchers, vitamin con-
centration in the blood serum of athletes can be
either reduced or increased, depending on the age
and the type of sport [2, 19].

Currently, there is insufficient information
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on athletes with iron-deficiency anemia and sco-
liosis, namely about their level of vitamins A, C,
carotene, iron content and antioxidant status.
The presence of the abovementioned diseases in
an athlete contributes to pathological processes,
which result in performance worsening.

The paper aims to assess vitamin (A, C, ca-
rotene) and iron content, as well as peroxidation
activity in the blood serum of athletes with sco-
liosis and anemia.

Materials and methods. 620 adolescents
aged from 13 to 18 were randomly selected. All
participants were under clinical supervision at
a medical and physical education clinic in Veliky
Novgorod. Preventive examinations of athletes
are carried out constantly twice a year. The an-
nual report and medical documents of adolescent
athletes (110 — powerlifting, 210 — freestyle wre-
stling, 168 — volleyball, 132 — rowing, sports
ranks from the III youth to I adult categories and
candidates for master of sport) were studied.
The study was conducted in the spring during
the training period.

For the purpose of the study, 3 groups were
formed: 1% group — apparently healthy adoles-
cents (n=20), 2™ group — with iron-deficiency
anemia (n=20), 3™ group — athletes with sco-
liosis and iron-deficiency anemia (n=10). All
adolescents did not take any vitamins and nutri-
tional supplements in the month before the expe-
riment.

The following blood indices were measured:
hemoglobin, hematocrit, erythrocyte count, mean
corpuscular hemoglobin (MCH), mean corpus-
cular hemoglobin concentration (MCHC) and red
cell distribution width (RDW), which reflects
the degree of anisocytosis. 5 ml of blood samples
were taken in the morning on an empty stomach
from the peripheral vein.

Iron in blood serum was measured using
bathophenanthroline, which gives a color reac-
tion with ferrous ions recorded with spectrocolo-
rimeter.

Vitamin A and carotene content in the blood
serum was measured by the Bessey method as
modified by L. Anisimova [21].

Ascorbic acid in serum and urine was meas-
ured by the Tillmans method [21]. The intensity
of lipid peroxidation was studied by the content
of malondialdehyde in blood plasma. The MDA
content in the fraction of TBA-active products
was studied in the reaction with thiobarbituric
acid [23].

The following data were also measured for

the purpose of the study: body height, body
weight, blood pressure, ECG before and imme-
diately after exercise, health status (based on
the report on comprehensive health examination).

Data processing was carried out using the Sta-
tistica for Windows 6.0 statistical software package.
All data are provided as means with standard
deviation in M = m. The significance of differ-
ences was evaluated using Student's t-test for in-
dependent variables. The significance level was
atp <0.05.

Results. According to the clinical report for
2018, diseases of the musculoskeletal system are
on the first place in the structure of adolescent
morbidity: 40 % — flat feet, 27 % — scoliosis.
For instance, iron deficiency anemia and cardiac
arrhythmias are 5 %.

A special group included 10 adolescents
(7 females and 3 males) aged from 13 to 18 with
iron deficiency anemia and scoliosis. Among them,
there are 6 volleyball players, 3 wrestlers, and
1 rower.

In the blood samples of the 1% group, eryth-
ron values did not exceed the reference values,
in the 2" and 3™ groups — hemoglobin concentra-
tion and the hematocrit index were significantly
reduced (p < 0.05). Table 1 shows average indexes
of the erythron system in athletes of the studied
groups.

Anemia in athletes was revealed during
an examination routine. At the same time, ado-
lescents did not have any complaints. The most
common type of anemia was microcytic (MCV
data) and hypochromic (MCH and MCHC). Ani-
socytosis (RDW) was also found.

The IDA diagnosis in patients was verified
based on a decrease in serum iron (Table 1).

Heart rate variability was measured in all
studied groups. ECG in athletes before exercise
showed sinus arrhythmia and sinus bradyarrhyth-
mia, as well as incomplete right bundle branch
block and early repolarization syndrome. In the
third group, in all athletes, heart rate variability
was monitored. The difference in the frequency
of heart rate variabiility was normally significant
between the first and third groups (p < 0.05).

Adolescents of the second and third groups
demonstrated transient sinoatrial block II degree
or extrasystole during ECG recording. However,
in the third group, such ECG changes were more
common than in the second (10 % and 50%, re-
spectively). In apparently healthy adolescents,
there were no similar changes (p < 0.05 between
the first and third groups).
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Table 1
The erythron system and serum iron among adolescent athletes (M £ m)
Apparently Athletes Athletes with scoliosis
Indices healthy adolescents with anemia (group II) and anemia (group III)
n=20 n=20 n=10
Red blood cell count 439+0.13 4.06 +0.14 4.00+0.15
Hemoglobin (Hb), g/l 132.5+2.24 114.9+2.26 114.0+227
Hematocrit (Ht), % 37.1+0.32 35.0+ 037 34.7+035
MCV, fl 86.44 +2.89 7726 +2.71 77.25 +2.69
MCH, pg 28.51 +£1.49 2491 +1.32 2495+ 14
MCHC, g/l 322.95+1.79 316.7 £ 1.96 316.56 +1.81
RDW, % 13.49 £ 0.12 14.0+0.12 14.2 +0.31
Iron, umol/L 14.7+£0.76 8.6+0.71* 8.4+0.72*

*p < 0.05 changes are significant for athletes under normal conditions.

Vitamin (A, C, carotene) content in blood se-
rum and urine vitamin C were measured (Table 2).

Vitamin A content in adolescents of the first
and second groups was within lower reference
range (0.3-0.8 pg/ml). In the third group, the con-
centration was significantly reduced compared to
apparently healthy adolescents. Carotene indices
(Table 2) in all groups were also recorded within
lower reference range (0.8-2.38 pg/ml). Vitamin C
content in adolescents over 13 years of age is
normally 4-20 pg/ml. In our studies, vitamin C
content, especially in the second and third groups,
fluctuated at the lower level of reference values.

Urinary excretion of vitamin C in apparently
healthy athletes and adolescents of the second
group was within normal levels. However, in the
third group, low levels were recorded (0.4 mg / h)
that significantly differed from the results of
the first group.

Malondialdehyde content in blood serum
was measured as a marker of oxidative stress.

Table 3 reveals that malondialdehyde levels
in group II and III were significantly reduced
compared with apparently healthy adolescents.

Discussion. Iron-deficiency anemia was di-
agnosed in 5 % of adolescents. Our data verify
results of other researchers. Athletes are at in-
creased risk of reduced iron content due to a de-
crease in its absorption [9, 22].

In a well-trained athlete, sinus bradycardia
and respiratory sinus arrhythmia can be recorded
due to an increase in the tone of the vagus nerve
[10, 13]. Athletes with scoliosis, compared with
athletes without scoliosis, can have low exercise
tolerance and a longer recovery period of the car-
diovascular system [1].

ECG extrasystole (during exercise) in ath-
letes of the third group requires further examina-

Table 2

Vitamin (A, C, carotene) content in blood serum and urine vitamin C in athletes

Apparently Athletes Athletes with scoliosis
Indicator healthy adolescents with anemia (group II) | and anemia (group III)
n=20 n=20 n=10
Vitamin A, pg/ml 0.36 £0.02 0.34+0.03 0.28 £0.03*
Carotene, ng/ml 0.80 +0.08 0.79 £0.07 0.79 £0.07
Ascorbic acid, pg/ml (serum) 5.40 +£0.05 4.80 +0.06 4.80 +0.05
Ascorbic acid, mg/hour (urine) 0.64 + 0.05 0.54 + 0.05 0.45+0.05

*p < 0.05 changes are significant for athletes under normal conditions; ~p < 0.02.

Table 3

Serum malondialdehyde levels in adolescents

Apparently Athletes Athletes with scoliosis
Indicator (umol/L) healthy adolescents with anemia (group II) and anemia (group III)
n=20 n=20 n=10
Malondialdehyde 2.75+0.23 3.1 +£0.24* 3.29 +£0.29*

*changes are significant for athletes under normal conditions.
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tion to exclude connective tissue dysplasia, which
may also be accompanied by arrhythmias and
mitral valve prolapse [12, 14]. The presence of
anemia in such athletes enhances regional micro-
circulation disorders in various areas.

Under these conditions, increased physical
activity changes biochemical processes in the anae-
robic zone and activates lipid peroxidation. This
leads to the accumulation of lactic acid, metabolic
acidosis, damage of the cell membrane, disrup-
tion of the enzymes and an even greater decrease
in efficiency due to impaired neuromuscular inte-
raction [6, 20, 26]. The levels of vitamin A in
serum in all groups of our subjects were recorded
at lower normal values. There was a significant
difference between the retinol levels in the serum
of the first and third groups of athletes (p > 0.05).
The same tendency in terms of content and a sig-
nificant difference between the groups was also
noted for vitamin C excretion in urine, which indi-
cates possible vitamin C deficiency [16]. Vita-
min A, especially in athletes, has a compensatory
effect on lipid peroxidation after strenuous exer-
cise [17]. Vitamin C is a water-soluble antioxi-
dant and can reduce the adverse effects of reac-
tive oxygen species caused by exercise, including
muscle damage [3, 5]. These indices are espe-
cially important for the third group, where hy-
poxia is accompanied by activation of lipid pe-
roxidation.

Carotene is an antioxidant. Its content in
the blood serum of athletes was at the lower level
of reference values. The effect of carotene on
exercise tolerance has not been fully studied [18].

One of the side effects of lipid peroxidation
is the formation of malondialdehyde. Its rise in-
dicates that lipid-protein complexes are formed in
the body. Thus, when anemia is detected, ath-
letes, especially the third group, need to monitor
their diet and consume foods enriched with vita-
mins (B, C and E), which are necessary for
the normal synthesis of collagen and antioxidants
[25, 27]. It is advisable to use vitamin and miner-
al complexes on a daily basis and in a dosage
calculated by a doctor.

Conclusion. Iron-deficiency anemia can be
identified for the first time during a routine ex-
amination. In order to propose adequate physical
training, iron-deficiency anemia and scoliosis
should be smoothly detected. More specific ex-
amination and operational monitoring are neces-
sary, including measuring vitamin content in blood
serum that affects hypoxia and oxidative stress.
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OLUEHKA COOEPXXAHUA BUTAMUHOB

N AKTUBHOCTU NEPEKUCHOI'O OKUCIIEHUA NNNOoB

B CbIBOPOTKE KPOBU Y CNOPTCMEHOB CO CKOJIMO3OM
WU XENE3OAE®ULUUTHON AHEMUEN

T./. OkoHeHnko', B.P. Be6ep', J1.I". MpowuHa’, I.A. AHmponoea’, E.A. duwmaH?

"Hoszopodckuli 2ocydapcmeeHHbIll yHusepcumem umeHu Spocnasa Mydpozo,
2. Benukuti Hoszopod, Poccus,
2Hoszopodckutli 8paqyebHO-bu3KyIbMypHbIll ducnaHcep, 2. Benukuti Hoszopod, Poccusi

eap — oueHNTh conepikanne BUTaMUHOB A, C, KapoTHHA, JKele3a U aKTUBHOCTD ITEPEKUC-
HOTO OKHCJICHHSI B CBIBOPOTKE KPOBH CIIOPTCMEHOB CO CKOJIMO30M M aHemueil. MaTtepuanbl u
MeTtoabl. CirydaitHeIM 0O6pa3oM otoOpansl 620 moapocTKoB B Bo3pacte oT 13 mo 18 mer, Haxo-
IIIAXCSI IO TUCTIAHCEPHBIM HAOIIOJICHHEM BO BpadeOHO-(HU3KYIFTYPHOM AMcIaHcepe Bemn-
koro Hosropozga. M3 nx uucna amns maidpHEHIIEro aHaimu3a ObUTH BRIAENEHB! 3 TpyHmsl: 1-s Tpym-
na — 3/10poBbie noApocTKH (20 4esoBek), 2-1 — UMEIOLIne JKene301eGuiuTHy0 anemuto (20 ye-
JIOBEK), 3-51 TpyNIa — CIIOPTCMEHBI, y KOTOPBIX JHATHOCTHPOBAHBI OJHOBPEMEHHO CKOJIHO3 U
xenezonepuunTHas anemust (10 dyenosek). OLEHUBAIMCH PE3yJIbTaThl OOIIEr0 aHainu3a KPOoBH,
coziepKaHKe B CBIBOPOTKE KPOBH BUTaMHHOB A, C, KapoTHHa, Keje3a, MaJIOHOBOT'O TUaJIbErua.
Konnenrpanus BurtamuHa C ompexaernsiack B Mode. AHanu3upoBanuck nokasatenu OKIT mo u
nocie Harpysku. Pe3yabTaThl. YCTaHOBIEHO, YTO Yy CHOPTCMEHOB C COYETAHHEM CKOJINO03a H
aHEMUH Pa3BUBAIOTCS 3HAYHUTENILHbIE N3MEHEHHS B COJIep)KaHUK BUTAaMUHOB A 1 C, IPOUCXOIUT
aKTHBALMSI TPOLECCOB, NPUBOAALIMX K OKCHIATHBHOMY CTpeccy. DTH M3MEHEHHs, BEpOSITHO,
CITy’KaT OJHOM M3 NMPHYMH YacTO BBIABIAEMBIX B 3TOH rpymie crioprcMeHoB (B 50 % ciydaes)
mmenernid OKI' npu ¢pusudeckoit Harpy3ke (IKCTPACHUCTONHS, TPAH3UTOPHAS CHHO-aTpHalIbHAS
omokana Il crenenn). 3akiarouenne. XKenezonehuuTHas aHEMHUsT 9aCcTO BEISIBIISIETCSI BIIEPBBIC HA
npoduiaktuueckoM ocMorpe. CHopTCMEHaM, MMEIOIMM CKOJIMO3 M JKEeNe30eUIUTHYIO aHe-
MHIO, HEOOXOAMMO OoJiee THIaTeIhbHOE OOCIIEOBAHNE, ONIEPATUBHBIN KOHTPOJIb 32 COCTOSTHUEM
PEryJIATOPHBIX MCXaHHU3MOB, B TOM YMUCJIC ONPCACICHUC COACPKAHUA BUTAMUHOB B CHIBOPOTKE
KpOBH, YUHUTbIBAsA TO, YTO B OPIraHU3MC pa3BUBACTCA TMIIOKCUA U aKTUBU3UPYIOTCS MPOLCCCHI IS~
PEKHUCHOT'O OKUCJICHUA JIUITNI0B.

Knrouesvle cnosa: cnopmcmenvl, dicene3o0epuyumnas anemus, CKOIUO3, NIOCKOCMONue,
sumamunvl A, C, KapomuH, ManioHosblll OUATbOe2UO.
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