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Abstract. Introduction. Tobacco smoking remains a global medical, social and economic problem worldwide. One
of the pathological effects of nicotine and tobacco smoke components is the suppression of folate metabolism and a
decrease in B vitamins in the human body, which, together, entails a violation of homocysteine metabolism and leads
to endothelial dysfunction and the development of adverse vascular events. The purpose of the study — to identify
the effect of tobacco smoking and the concentration of vitamins (Bg, Bg, B;,) on homocysteine metabolism in healthy
young volunteers. Materials and methods. The study was carried out on a sample of ethnic Russians living in the city
of Arkhangelsk. 259 healthy volunteers of both sexes of young age from 18 to 32 years old were included, a survey of
participants was conducted, the levels of folic acid, vitamin B and B,,, homocysteine were analyzed by immunological
method. Statistical processing of the data obtained during the study was carried out by methods of descriptive and
analytical statistics using the R 4.2.3 programming language in the Rstudio 1.2.5019 program. Results. There were
no statistically significant differences in all defined indicators between the group of smokers and non-smokers. But
the average homocysteine level in the smoker group is higher (lu=8.00) than in the non-smoker group (lu=7.00). At the
same time, the participants who smoked cigarettes had higher homocysteine levels (lu=8.6) than those who smoked
electronic cigarettes (Iu=7.2). The average serum folic acid concentration in smokers is lower (lu=4.00) than in non-
smokers (lu=6.5). In the group of smokers, folate deficiency was registered in 13 participants. Folic acid deficiency was
not detected in the non-smoking group. An inverse relationship of average strength between the level of homocysteine
and the concentration of folic acid in the blood serum (p <0.01) was revealed. Conclusion. In this study, the relationship
between smoking and homocysteine levels was not revealed, however, the average homocysteine level in the smoker
group is higher than in the non-smoker group. The lack of correlation may be due to the short smoking experience,
the small number of cigarettes smoked per day, the low smoker index and the young age of the study participants. It
was revealed that the average homocysteine level in smokers of traditional cigarettes was higher than in participants
using electronic tobacco heating systems.
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BNMWAHWE TABAKOKYPEHUA HA OBMEH rOMOLIUCTEUHA
Y 300POBbIX HUKOTUH3ABUCUMbIX JIAL, MPOXUBAIOLLINX
HA TEPPUTOPUU APXAHITENNbCKOW OBJIACTU
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Pestome. BeedeHue. TabakoKkypeHue BO BCeM Mupe 0CTaeTcs rnobanbHON MeanKo-CcoLmansbHON U 9KOHOMUYECKOM
npo6nemon. HUKOTUH 1 KOMMOHEHTbI TabayHOro AbiMa BAWSIOT Ha ponaTHbIN 0OMEH, CHXAKT YpOBEHb BUTAMUHOB rpyn-
Mbl B, 4T0 B COBOKYNHOCTM BrieyeT 3a co601 HapyLueHne obMeHa roMOLMCTeNHa, NPUBOAS K Pa3BUTUIO SHAOTENNANBHOM
ANCDYHKLMM 1 HeBnaronpusaTHLIX COCYANCTbIX cOObITUIA. Ljestb uccnedoeaHusi — BbISBUTbL BNMSHIE TabakoKypeHus
W KOHLieHTpaLun BuTamuHoB rpynnbl B (Bg, By, B;,) Ha 06MeH romouucTenHa y 300poBbix 406pOBONbLEB MONOAOM0
Bo3pacTta. Mamepuanbi u Memodhbl. ViccnefoBaHne BbINONHEHO Ha BbIGOPKE STHUYECKUX PYCCKUX, MPOXMBAOLLMX HA
TeppuTopun ApxaHrenbckorn obnacTu. BkntoueHo 259 300poBbix 406poBOMbLEB 060MX NONOB MONOLOrO BO3pacTa ot
18 po 32 net, NpoBeeHO aHKETUPOBAHWE, aHau3 YpPOBHSA (HONMEBO KUCNOTbI, BUTaMUHOB By 1 B,,, romoyuctenHa
MeTOLOM UMMyHOepMeHTHOro aHanuaa. Ctatuctuyeckas o6paboTka AaHHbIX, NONYYeHHbIX B X0 UCCNeA0BaHUS,
NPOBOAMNACL METOLAMM ONUCATENIbHON N aHANIUTUYECKOW CTaTUCTUKN C UCNONb30BaHWEM Si3blka NPOrpaMMUPOBaHUS
R 4.2.3 B nporpamme Rstudio 1.2.5019. Pe3ynbmamai. CTaTUCTUYECKN 3HAUNMBIX Pa3ninymin N0 BCEM aHaNM3MpyeMbIM
nokasaTensm Mexay rpynnami Kypsilmx 1 HekypsiLLUX y4acTHUKOB He BbisiBNeHo. CpefHee 3HaYeHNe YypOBHS roMOLM-
CTeuHa B rpynne KypunbLumnkos 6bino Boiwe (Me=8,00), yem B rpynne Hekypswmx (Me=7,00), npn 3TOM y y4acTHUKOB,
KYpALWMX cUrapeThbl, ypoBeHb romoumcTenHa 6bin Boiwe (Me=8,6), 4em y KypsiLLMX aneKTpoHHble curapetsl (Me=7,2).
CpegHee 3Ha4yeHMe KOHLEeHTpaLumu honMeBO KNCNOThI B CbIBOPOTKE Y KypsiLmx 6bino Hike (Me=4,00), 4em y Hekyps-
wux (Me=6,5). B rpynne KypunbLUMKOB AeduunT onaToB 0TMEYEH Y 13 y4aCTHWKOB, B rpynne HEKYpAWmMX geduumuTa
(honneBoit KNCNOTbI HE BbISIBNEHO. BbisiBneHa obpaTtHas cBA3b CpeaHen Cisbl MEXAY YPOBHEM rOMOLMCTENHA 1 KOHLIEHT-
pauyeit donmeBoil KUCMOTbI B CbIBOPOTKe kpoBy (p <0,01). 3akmoyeHue. B faHHOM UCCre0BaHWM B3aMMOCBSA3b MeX Iy
KypeHUeM 1 ypOBHEM FOMOLUCTENHA HE BbIIBNEHa, BMECTE C TEM CPeAHee 3HaYeHne YPOBHS roOMOLCTENHA B rpynne
KYpPUMbLLMKOB BbINO BbILLE, YeM B rpynne Hekypswwmx. OTCyTCTBIE B3aMMOCBS3W, BOSMOXHO, CBS3aHO C ManbIM CTaXeM
KypeHus, He6ONbLUMM YNCNOM BbIKYPEHHbIX CUrapeT B A€Hb, HU3KUM UHAEKCOM KypUAbLLMKa 1 MOIOALIM BO3PACTOM
YYaCTHUKOB MCCnefoBaHNs. BbISBNEHO, YTO Y KYPALMX TPALULMOHHbIE CUrapeThl CPEAHUI YPOBEHb FOMOLMCTENHA
oKa3sarcs BblLUE, YeM Y YHaCTHWUKOB, MCMOMNb3YIOLMX SNEKTPOHHbIE CUCTEMbI HarpeBaHus Tabaka.

KnioueBble cnosa: Ta6aKOKypeHme, TOMOLUCTENH, (*)OﬂaTHbIVI 0OMeH, BUTaMMHbI rpynnbl B, ApX&HFeJ’IbCKaﬂ obnactb

INTRODUCTION

According to the World Health Organization (WHO),
tobacco smoking kills almost half of people who use it [16].
Globally, more than 8 million people a year die from tobacco
exposure, including 1.3 million non-smokers from the
effects of secondhand smoke [16]. The results of numerous
studies around the world confirm that tobacco smoking
is a significant risk factor for the development of various
pathological processes and conditions, primarily diseases
of the cardiovascular, respiratory, genitourinary systems, as
well as cancer and complications of pregnancy [4, 15].

It is shown that in nicotine-dependent persons the risk of
atherosclerosis and myocardial infarction increases from 1.5
to 6 times compared to non-smokers. The proven adverse
effects of nicotine on the cardiovascular system include
its effect on the chemoreceptors of the sinocarotid zone,
leading to reflex excitation of respiration and increased

blood pressure, increased production of catecholamines,
contributing to myocardial damage, cytotoxic effect on
endothelial cells, realized through fixation of tobacco smoke
components on the cell surface and formation of antibodies
to them [9, 10].

It is proved that nicotine reduces the level of vitamin By
in the blood, which acts as a cofactor in the reactions
of homocysteine transsulfuration. Pyridoxine deficiency
leads to impaired neutralization of homocysteine in the
body and, as a consequence, to an increase in the level
of homocysteine in blood plasma [9]. It is important that
nicotine has the ability to slow down the folate cycle, the
main function of which is the remethylation of homocysteine
into methionine, resulting in the accumulation of excess
homocysteine in plasma [7].

Homocysteine, being an extremely cytotoxic substance,
has various mechanisms of damaging effect on the
cardiovascular system, leading to the development of
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endothelial dysfunction. Thus, homocysteine damages
endothelial cells, which leads to its destabilization and
loosening of vessel walls, participates in the formation of
atherosclerotic plaque, being a component of “foam cells”,
has mitogenic properties that contribute to the development
of vascular wall stiffness. Excess homocysteine stimulates
increased platelet aggregation, triggers the processes
of hypercoagulation, is involved in the development of
oxidative stress through the formation of active oxygen
radicals that trigger the process of lipid peroxidation. Hyper-
homocysteinemia leads to the accumulation of asymmetric
dimethylarginine (ADMA), which is an inhibitor of endothelial
NO synthetase, resulting in blocked production of nitric
oxide (NO), a strong antiaggregant and vasodilator [1].

Numerous studies demonstrate the relationship between
tobacco smoking and elevated homocysteine levels in the
blood of patients with various cardiovascular diseases
[5, 7]. From the position of preventive medicine, it is of
particular interest to study the effect of tobacco smoking on
homocysteine levels in healthy young people even before
the realization of adverse vascular events.

AIM

To determine the effect of tobacco smoking and
concentration of B vitamins (Bg, By, B,,) on homocysteine
metabolism in healthy young volunteers.

MATERIALS AND METHODS

The prospective one-stage cross-sectional study
was performed on a sample of ethnic russians living
in the territory of the Arkhangelsk. The bases of the
study were the Department of Clinical Pharmacology
and Pharmacotherapy of the Federal State Budgetary
Educational Institution of Higher Professional Education
“Northern State Medical University”, the Regional Center of
Antithrombotic Therapy of the State Budgetary Institution
of Health Care “The First City Clinical Hospital named
after E.E. Volosevich”.

Inclusion criteria: healthy volunteers of Russian
nationality of both sexes of young age (18 to 32 years); the
absence of chronic diseases associated with endothelial
dysfunction; the absence of pregnancy; the absence of
taking medications, dietary supplements, vitamin complexes;
written voluntary informed consent for participation in the
study. Exclusion criteria: refusal to participate at any stage
of the study.

The complex clinical and laboratory study included
259 volunteers, the participants were questioned. The level of
folic acid, vitamins B; and B,,, homocysteine was analyzed

by immunoenzymatic analysis. The study was approved by
the local ethical committee of the Northern State Medical
University (protocol No. 01/02-23 of 15.02.2023).

The level of homocysteine in serum was determined by
solid-phase enzyme-linked immunosorbent assay using
ELISA Kit For Homocysteine (HCy) reagents (Claud-Clone
Corp., USA). Folate AccuBind ELISA reagents (Monobind,
USA) were used to determine folic acid concentration. The
reference interval, located in the range from 3.2 to 13.7 ng/mL,
was considered as sufficient level of folic acid in serum.
Concentration less than 3.2 ng/mL was defined as low level
of folic acid. In order to determine the level of pyridoxine
and cobalamin in blood, ELISA Kit For Vitamin B (VBg) and
ELISA Kit For Cyanocobalamin (CNCbl) (Claud-Clone Corp.,
USA) were used. Laboratory studies were performed at the
laboratory of the First City Clinical Hospital named after
E.E. Volosevich.

Statistical processing of the data obtained during the
study was performed by methods of descriptive and analytical
statistics using the programming language R 4.2.3 in the
program Rstudio 1.2.5019. The nature of data distribution
was assessed using the Shapiro-Wilk criterion. The data
distribution was considered to be different from the normal
distribution (Gaussian distribution) when the statistical
significance level (p) was less than 0.05. The arithmetic mean
(M) and standard deviation (o) in the format of Mto were
used to describe the obtained data whose distribution did not
differ from the Gaussian distribution. Data whose distribution
differed from the Gaussian distribution are presented as
median (Me), the first (Q1) and the third (Q3) quartiles. The
Mann-Whitney criterion was used to compare independent
samples with a distribution type that differed from the normal
distribution. Differences between groups were considered
statistically significant when the p-value (p) was less than
0.05. The Spearmans rank correlation coefficient was used to
assess the relationship between two variables.

RESULTS

The study included 259 participants. The gender
distribution of the participants was as follows: the proportion
of women was 68.0% (n=176), men proportion was 32.0%
(n=83). The age of the participants ranged from 21 to
30 years (Me=23 [22;28]). During the study, the sample
was divided into two groups. The first group included non-
tobacco smoking participants (n=137) and the second group
included tobacco smoking participants (n=122). Serum
levels of homocysteine, folic acid, vitamins By and B,
were assessed in all participants. The results of the study
and characterization of the study groups are presented in
Table 1.
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Table 1
Results of the study and characteristics of the groups (n=259)
Tabnuuya 1
PesynbTathbl ccneAoBaHMsA M XapaKTepucTuka rpynn (n=259)
. Hekypswme yyacthuku (n=137)/ | Kypsiwwe yyactHuku (n=122) / | p-3HadeHue /
Mokasarens / Indicator Non-smoking participants (n=137) | Smoking participants (n=122) p-value
Bospacr, rogsl / Age, years Me=22 [22;28] Me=23 [22; 26] 0,68
MHoeke macebl Tena / Body mass index Me=22,9 Me=23,5 0,72
[20,0; 25,8] [20,6; 26,2]
YpoBeHb (hoN1eBoil KUCNOTbI B CIBOPOTKE (Hr/mn) / Me=6,5 Me=4,00 0,48
Serum folic acid level (ng/ml) [4,5; 8,0] [3,05; 6,00]
YpOoBEHb rOMOLICTENHA B CbIBOPOTKE KPOBM (MKMOML/N) / Me=7,0 Me=8,00 0,13
Serum homocysteine level (mmol/l) [5,7;10,0] [6,5;9,0]
YpoBeHb BUTamMiHa By B CbIBOpOTKE KpoBH (Hr/Mn) / Me=18,7 Me= 8,2 0,92
Serum vitamin Bg level (ng/ml) [15,8; 21,0] [13,8; 22,3]
YpoBeHb BUTamMiHa By, B cbiBOpOTKE KpoBM (Nr/n) / Me=558 Me=529 0,74
Serum vitamin B,, level (pg/l) [384; 635] [329; 752]

-
o
'

-
N
0

o
'

romouucTenH, MKMonb/n; homocysteine, pmol/l
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0 1
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Fig.1.  The relationship between serum homocysteine levels and
smoking
Puc.1. B3aumocBsi3b ypoOBHA roMOLMUCTENHA B CbIBOPOTKE KPOBM

U KypeHust

Nicotine delivery to the body in the group of smokers
in 68% of cases was due to electronic systems of heating
tobacco, in 32% by the traditional way, with the cigarettes.
Smoking experience in the smoking group averaged
3.5 years but did not exceed 5 years, and the number
of cigarettes smoked per day ranged from 3 to 10. The
smoking index of the cigarette-smoking participants ranged
from 0.75 to 2.5 packs/year.

Comparative analysis of the groups showed that the
body mass index (BMI) of the participants in the first and

second groups did not differ. 85% of the participants of the
first and the second groups had normal BMI (18.5-25.0),
15% of the participants of both groups were overweight
(26.0-29.5), and BMI over 30, indicating the obesity, did not
occur in the study sample.

The level of folic acid, homocysteine, vitamins B, and
B,, in blood serum was determined in all study participants.
No statistically significant differences in all determined
parameters between the analyzed groups were found. It
is important to note that the mean value of homocysteine
level in the group of smokers was higher (Me=8.00) than in
the group of non-smokers (Me=7.00). Participants smoking
cigarettes having higher homocysteine levels (Me=8.6) than
those smoking electronic cigarettes (Me=7.2). All participants
in the first and the second groups had homocysteine levels
within the reference values of 5.0 to 10.0 umol/L. The data
is presented in Figure 1.

A similar trend was observed in folate levels. Thus, the
mean value of serum folate concentration in smokers was
lower (Me=4.00) than in nonsmokers (Me=6.5). In addition,
folate deficiency, where serum folic acid concentration was
less than 3.2 ng/mL, was recorded in 13 participants in the
smokers group. No folic acid deficiency was found in the
non-smoker group.

The relationship between homocysteine levels and
smoking and between homocysteine levels and folic acid
concentration was analyzed. The data is presented in
Figure 2.

The study revealed an inverse relationship of medium
strength between homocysteine level and serum folic
acid concentration (p <0.01): the lower the folic acid level
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Fig. 2.  The relationship between homocysteine levels, smoking
and serum folate concentrations
Puc. 2. B3saumocBs3b ypoOBHA rOMOLIMCTENHA, KYPEHUS N KOHLIGHT-

paummn onmeBoii KUCNOTbI B CLIBOPOTKE KPOBM

was, the higher the serum homocysteine level was. No
relationship was found between serum homocysteine levels
and smoking in this study (p=0.13).

DISCUSSION

Research data from recent years show that among
young people under 30 years of age who smoke, the leading
method of nicotine-containing product delivery is via various
electronic systems such as vape, vaporizer, electronic
cigarette and others [6, 8]. Our study also confirms this
trend. Among the smoking participants, 68% used electronic
nicotine delivery systems to deliver nicotine to the body. It
is known that electronic nicotine delivery systems do not
contain many toxic components of tobacco smoke, which are
usually formed in cigarette smoke during combustion, but at
the same time have in their composition such carcinogenic
substances as formaldehyde, acetaldehyde, acetone,
nitrosamines, propylene glycol, glycerol, phenols, and
others. The nicotine in tobacco is addictive and dependent,
which is especially dangerous for young people. Electronic
devices, like normal cigarettes, contain high concentrations
of nicotine, which has an extremely negative impact on the
health of smokers [3, 11, 13].

At present, there is accumulated evidence of the effect
of tobacco smoking on the level of homocysteine in the
blood. It has been shown that homocysteine levels are
significantly higher in healthy smokers than in nonsmokers
[5, 14]. Evidence is presented that homocysteine levels
depend on the number of cigarettes smoked per day,

smoking history, and smoker’s index. Each cigarette
smoked increases homocysteine levels by 0.5% in men and
1% in women [2, 9]. In our study, there was a tendency to
increase homocysteine levels in the smoking group, where
the mean value of homocysteine levels in the smoking
group was higher (Me=8.00) than in the non-smoking group
(Me=7.00), however, no statistically significant difference
could be obtained. No hyperhomocysteinemia condition
was registered in any participant of the group. The absence
of statistically significant differences in homocysteine
levels in the first and second groups may be due to the
short smoking experience (up to 5 years), as well as
low smoking index (from 0.75 to 2.5 packs/year) in the
participants of the second group, as well as the young age
of the study subjects. No relationship between smoking and
homocysteine levels was found in this study, but an average
value of homocysteine levels in the group of smokers was
higher than in the group of nonsmokers.

Folic acid is the most important determinant of the folate
cycle, which results in the remethylation of homocysteine
into methionine. There are many domestic and foreign
studies on the role of folic acid in homocysteine metabolism.
Folate deficiency leads to accumulation of the sulfur-
containing amino acid homocysteine in the body, which in
turn leads to endothelial dysfunction and development of
adverse vascular events [12]. In our study, a statistically
significant inverse relationship of medium strength between
homocysteine level and serum folic acid concentration was
confirmed.

CONCLUSION

1. The study revealed the effect of serum folic acid
concentration on homocysteine level, while the effect of
vitamin Bg and B, concentration was not found.

2. The mean value of homocysteine level in the group of
smokers was higher than in the group of non-smokers, but
tobacco smoking had no statistically significant effect on the
serum homocysteine level.
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AONONMHUTENBHAA UHOOPMALINA

Bknap aBTopoB. Bce aBTOopbl nMoaTBEpXAAKT COOT-
BETCTBME CBOEro aBTOPCTBA, COrMAcHO MexXyHapOAHbIM
kputepuam ICMJE (Bce aBTOpbl BHECTU CYLLECTBEHHbIN
BKnag B pa3paboTky KOHLenuuu, npoBeaeHne uccneaoa-
HWS W NOATOTOBKY CTaTbi, NPOYnM M 08obpunu uHanb-
Hyl Bepcuio neped nybnukaumei). Hambonblwuin Bknag
pacnpegeneH cregylowmm o6pasoM: KOHLUENuuUs W nnau
nccnegosaHust — H.A. Bopo6bbera, A.C. BopoHuoBa; cbop
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E.10. MenbHuuyk; nutepatypHbldl 0630p, NOAroTOBKA py-
konucun — A.C. BopoHuoBa, H.A. Bopobbesa, A.W. Bopo-
Bbesa.

KoHdnukt mHTepecoB. ABTOpPbI AEKNapupytT OTCyT-
CTBME SBHbIX U MOTEHLManbHbIX KOH(IMKTOB UHTEPECOB,
CBSA3aHHbIX C NyBrukauuei HacTosLen CcTaTbMm.

WUcTouHuKk puHaHcmpoBaHuMA. ABTOPbI 3asBNAOT 00
OTCYTCTBUM BHELHEro (OMHAHCUPOBaHUS Npy NPOBEAEHUM
“ceneaoBaHms.

WUHhopMmupoBaHHOe cornacue Ha ny6nukaumio. As-
TOPbI MOMYYMAN NUCbMEHHOE COrnacye NauMeHTOB Ha ny-
Brmkaumio MeAULIMHCKNX AaHHbIX.
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