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Abstract. Object of the study: adults aged from 17 to 94. Selection criteria are as follows:
for inclusion — minimum age of 17 years, for exclusion — treatment in hospital or
polyclinic. Remoteness of the last intake and frequency of alcohol intake were studied
according to questionnaire data. Blood, plasma, serum viscosities were investigated by
the rotary viscometer. Calculation of aggregation indices and erythrocyte deformation has
been carried out. It has been demonstrated that change in plasma and serum viscosities
makes the basis of alcohol effect on hemorheology of the whole blood. Alcohol intake the
day before the examination decreases serum and plasma viscosities. Regular weekly
alcohol intake by men and women of all the age periods leads to increase of serum and
plasma viscosities.
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Introduction

Alcohol is a psychotropic preparation and is used for removal of physical and psychological
discomfort. Alcohol intake causes many clinical effects, including change in systemic and
local hemodynamics. The aim of the present study was to investigate correlation between the
character of alcohol intake by adults and change in the whole blood rheology in modeling of
biomechanical conditions of the real vascular bed. The following tasks were distinguished: 1)
to determine indices of the whole blood rheologic properties and to evaluate the character of
alcohol intake in a great selection of adults of different age periods; 2) to estimate correlation
between the character of alcohol intake and rheologic properties of the whole blood. The
number of days after the last alcohol intake, frequency of alcohol intake (weekly, monthly,
rarely), indices of hemorheology (viscosity and pseudoplastic behavior of whole blood,
plasma and serum viscosities) were studied.

Materials and methods

Study design. We used a single-moment study. All the methods were applied in the
morning between 9 and 10 o'clock. No check was made on intake of food or drink, on
smoking or on physical activity before the examination.

Selection criteria. For inclusion: minimum age of 17 years. For exclusion: treatment in
polyclinic or hospital.

Investigation volume: 984 subjects (489 men and 495 women). Age distribution in
men: from 17 to 19 (83 subjects), from 20 to 29 (84 subjects), from 30 to 39 (79 subjects),
from 40 to 49 (78 subjects), from 50 to 59 (75 subjects), older than 60 (90 subjects). Age
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distribution in women: from 17 to 19 (71 subjects), from 20 to 29 (66 subjects), from 30 to 39
(70 subjects), from 40 to 49 (81 subjects), from 50 to 59 (82 subjects), older than 60 (125
subjects). Remoteness of the last alcohol intake was determined by the question: «How many
days ago did you drink alcohol?» - and was estimated by the number of days, indicated by the
respondent. Frequency of alcohol intake was studied according to the variant of the answer to
the question: «Indicate regularity of alcohol intake: weekly, monthly, rarely». Weekly alcohol
intake was estimated as 3 numbers, monthly as 2 numbers, rarely as 1 number. The volume
and the quality of the taken alcohol were not taken into consideration. Reliability, validity and
sensitivity of the questions were determined in 118 respondents not included in the
investigation. Cronbach coefficient was 0.98 [1].

Measurement method. Treatment of the venous blood: the samples were taken from
the antecubital vein. For stabilization the blood was mixed with an anticoagulant in the ratio
9:1. The measurements were carried out within four hours of the venipuncture. Before testing
the blood was stored in a refrigerator at the temperature of +4°to +10° C.

Anticoagulant: sodium citrate.

Instrument used: the rotary viscometer AKR-2 (Russia). The whole blood viscosity
was measured by the viscometer AKR-2 at shear rates 200, 100 and 20 sec™. Viscosities of
the blood and its components were measured at the temperature of analyzer thermostating
+37° C. AKR-2 investigation was carried out with one cylinder. Erythrocytes deformation
index represented quotient from division of blood viscosity at shear rates 100 and 200 sec™,
demonstrating their ability to deformation [2]. Erythrocytes aggregation index represented
quotient from division of blood viscosity at shear rates 20 sec® and 100sec™ that
characterized expressivity of erythrocytes aggregation process [2]. Plasma viscosity was
determined by AKR-2 at shear rate 100 sec™ [2]. Serum viscosity was measured by AKR-2 at
shear rate 100 sec™ [2].

Methods of statistical analysis. Character of variables studied: independent - the
number of days after the last alcohol intake, estimation of alcohol intake frequency;
dependent - indices of hemorheology (whole blood viscosity at shear rate 100 sec™; plasma
viscosity, serum viscosity, erythrocytes aggregation index, erythrocytes deformation index).
In accordance with the aims of investigation the zero hypothesis, concerning the absence of
linear dependence between the studied variables (remoteness of alcohol intake and indices of
hemorheology, frequency of alcohol intake and indices of hemorheology) was put foreward.
Availability evaluation of the zero hypothesis was conducted by Spirmen rank correlation [3].

Statistics. Values were considered significant when p < 0.05. The statistical analysis
was carried out using the programs «Biostat» (Version 4.03, «Primer of Biostatistics, 1998,
Practice, Moscow) and «Statistica’99» (Version 5.5 A, «Statsoft, Inc.», Moscow, 1999).

Results and discussion

72 men indicated recent alcohol intake (1-3 days before the examination). Not more
than a week ago (4-7 days before) alcohol was taken by 63 men. 81 men indicated alcohol
intake from 8 to 14 days ago, 293 - more than 15 days ago. Positive correlation between the
number of days after alcohol intake and serum viscosity (r = +0.1; p =0.039) and plasma
viscosity (r = +0.13; p = 0.004) was established. The correlation between the studied factor
and plasma viscosity in men aged 40-59 (r = +0.24; p = 0.041) was more closed. Diagram of
this correlation is presented in Figure 1.

73 women indicated recent alcohol intake (1-3 days before the examination). Not more
than a week ago (4-7 days before the examination) alcohol was taken by 60 women. 61
women indicated alcohol intake from 8 to 14 days ago, 301 women - more than 15 days.
Dependence between the remoteness of alcohol intake and indices of hemorheology was not
revealed in women. Thus, recent alcohol intake is associated with decrease in serum and
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Fig.1. Correlation form between the number of days after alcohol intake and plasma viscosity in men aged
40-59, n = 153 (Spirmen r = +0.24; p = 0.041).

plasma viscosities. It has been demonstrated in investigation in a Japanese population that
fibrinogen concentration lowered after the recent alcohol intake in men, but no correlations
were determined in women [4].

Regular weekly alcohol intake was observed in 40 men (mainly aged 35-59 years) and
in 12 women. 233 men and 195 women demonstrated monthly frequency of alcohol intake.
Irregular intake (rarely than once a month) was found in 236 men and 319 women. Positive
correlation between frequency of alcohol intake and whole blood viscosity was revealed in
men (r=+0.14; p=0.001). Correlation between frequency of intake and erythrocytes
deformation index (r =—0.154; p =0.001) in men was negative. Women indicated positive
correlation between frequency of alcohol intake and serum viscosity (r = +0.153; p = 0.001).

Thus, development of alcohol dependence in men (in the form of weekly alcohol
intake) changes rheologic properties of the whole blood (raises viscosity and lowers
pseudoplasticity). There are contradictory data, concerning the effect of alcohol on blood
rheology. Probably, it was connected with the character of investigations: study of an episode
of alcohol intake and cases of chronic habit development. It is known that immediately after
alcohol intake, blood viscosity increases in subjects and in animal experiments [6,7,8].
Although in abuse of alcohol decrease of blood and fibrinogen viscosities was found [9]. Our
data in the part of men and women, taking alcohol frequently, corresponded to the results of
other population investigation, connected with analysis of alcohol intake [5].

Correlation analysis was conducted between the frequency of alcohol intake and
indices of hemorheology in age groups (by 10-year life periods) for revealing the effect of
alcohol dependence duration on rheologic blood properties. In the age group of 17-19 years
two subjects indicated weekly alcohol intake. That is why regular monthly alcohol intake was
compared with the episodic one. In youths negative correlation between the frequency of
alcohol intake and erythrocytes aggregation index (r =—0.28; p = 0.01) was found. In girls
negative correlation between the studied factor and erythrocytes deformation index
(r=-10.416; p=0.001) was observed. Girls also demonstrated positive correlation with
serum (r =+0.565; p=0.001) and plasma (r =+0.302; p =0.01) viscosities. It has been
concluded that at the age of 17-19 years alcohol intake is associated with decrease of the
whole blood pseudoplasticity (at high shear rates — in girls, at low shear rates — in youths). In
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men aged 20-39 positive correlations between the frequency of alcohol intake and the whole
blood viscosity (r =+0.288; p=0.009), plasme viscosity (r=+0.234; p=0.031) were
revealed. There is negative correlation of the studied factor with erythrocytes deformation
index (r=-0.374; p=0.001); positive one - with erythrocytes aggregation index
(r =+0.325; p = 0.003). Women of this age period indicated correlation between the studied
factor and the whole blood viscosity (r = +0.144; p = 0.006).

In the second period of maturity (40-59 years) regular alcohol intake leads to increase
of the whole blood viscosity in men (r = +0.256; p = 0.02), as well as in women (r = +0.178;
p = 0.013). At elderly age regularity in alcohol intake by men and women effects viscosities
of blood and its components (plasma, serum). In elderly men (older than 60) positive
correlations between the frequency of alcohol intake and serum (r = +0.275; p = 0.009),
plasma (r = +0.329; p = 0.001), blood (r = +0.448; p = 0.001) viscosities were revealed. In
elderly women positive correlations between this factor and serum (r = +0.311; p = 0.047),
plasma (r =+0.424; p =0.001), blood (r =+0.475; p =0.001) viscosities were observed.
Thus, duration of alcohol dependence is connected with change in blood hemorheology.
Weekly alcohol intake in youths (17-19 years) causes decrease in the whole blood
pseudoplasticity only. At mature age weakness for alcohol induces increase in the whole
blood viscosity. At elderly age close correlation between the frequency of alcohol intake and
the whole blood viscosity was determined.

Conclusions

1. Change in plasma and serum viscosities, depending on the character of alcohol intake
makes the basis of alcohol intake effect on rheologic properties of the whole blood
(viscosity, pseudoplasticity). Alcohol intake before the examination decreases serum and
plasma viscosities. Weekly alcohol intake by men and women of all age periods leads to
increase in serum and plasma viscosities.

2. Development of alcohol dependence is connected with change in rheologic properties of
the whole blood (viscosity increase and pseudoplasticity decrease). Weekly alcohol intake
by youths and girls (17-19 years) lowers the whole blood pseudoplasticity. At mature age
weakness of subjects for alcohol leads to increase in the whole blood viscosity. At elderly
age there is close correlation between the frequency of alcohol intake and viscosity of the
whole blood.
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AHAJIN3 3BABUCUMOCTU MEXOY XAPAKTEPOM YINOTPEBJIEHUA
ANKOrons B3rPocCnbiMu nNtoAbM1 U PEOJIOTMYECKUMU
CBOUCTBAMMU LIEJIbHOU KPOBM

B.M. baeB (Mepmb, Poccus)

AnKoronb SIBISE€TCS ICUXOTPOIHBIM BELIECTBOM, HCIOJB3YeTCS JJIs CHATHUSA
dbuznyeckoro u ncuxosjorudeckoro auckomdoprta. [Ipuem ankorons BbI3bIBAET MHOXKECTBO
KJIMHUYECKHX Y(PQPEKTOB, B TOM UYHUCIIE U3MEHEHHE CHCTEMHOW M MECTHOW T'eéMOJWHAMHKH.
[lenpto HacTosimiel pabOTHl SBUJIOCH W3YYEHHE CBA3M MEXKIY XapaKTepoM YHOTpeOIeHHs
QJKOTOJII  B3pPOCJHBIMU  JIIOJbMH U H3MEHEHHEM pEOJIOTUM LEJIbHOW KpOBHU IIpU
MOJICTTUPOBAaHUM OHMOMEXaHMYECKHX YCIOBHM pearbHOr0 COCYIOUCTOrOo pycia. beumu
MIOCTAaBJIEHBI CIAEAYIOUINE 3aJaun: 1) U3MEPUTDH MOKA3aTeNU PEOJIOTMUECKUX CBOMCTB LEIbHON
KpPOBH U OIICHUTH XapakTep YHOTpeOIeHUS alKorojs B OOJbIION BEIOOPKE B3POCIBIX JIFOIEH
pa3IMYHBIX BO3PACTHBIX TEPHOJOB; 2) OICHUTH CBA3b MEXIY XapaKTepOM YHOTpeOJIeHUs
QJIKOTOJIHBIX HANMUTKOB M PEOJOTHYECKHMMH CBOWCTBaMHU IIENbHON KpoBU. M3ydaembie
NEePEMEHHBIE: KOJIMYECTBO JTHEH, MPOLIEANINX [10CIE MOCIEIHEro IprUeMa aJKoros, 4acToTa
yrnoTpeOiaeHus:  ankoroiisi  (€KEHENEeNbHO, €XEeMECSdyHO, eIlle peke), TMoKa3aTelu
reMOpPEOJIOTUH (BA3KOCTh W ICEBIOIUIACTUYHOCTH IIEJIBHOM KPOBM, BSI3KOCTh IUIa3Mbl U
CBIBOPOTKH).

OObekT uccienoBanus — J0ad B koinuecTtBe 984 wyenoBeka (489 myxuuH u 495
JKEHIMH) B Bo3pacTe OoT 17 mo 94 ner. Kpurepuii BKIIIOYEHHS B HMCCIIEIOBAHHME: BO3PACT
crapme 17 ner. Kputepuii uckimroueHus: jJe4eHne B CTalMoHape win noiukiauHuke. [logdop
YYaCTHUKOB HCCIIE0BaHUS TPOBOAUIICS cpeln 100poBoIbleB. JJoOpOBOIBIIEI Al y4acTus B
UCCIIEJIOBAaHUM HAOMpaIMCh U3 Pa3IUYHBIX MECT: MECTO pabdoThl WM Yyuedbl; MECTO
MPOXOXKACHUS €XETOJTHOTO OCMOTpa CIYyXKaIUX, Y4HUTeJed, MEAUIMHCKHX pPaOOTHUKOB,
HEKOTOPBIX KaTeropuié paboumx, BETEPaHOB TPYJAd; NOHOPCKHHA ITYHKT, JOMa BETEpaHOB
Tpyna. Xapaktep yIoOTpeOJeHHs] aJKOroiisi H3ydald IO OTBETaM Ha BOIPOCHI AHKETHI.
JlaBHOCTB IOCJIETHETO MpHUEMa aJIKOTO0JIsl ONPEEsN 1o Bompocy: «CKkoibKo JHEH Ha3aa Bl
yIoTpeOsii alKoroiab?» U ONEHUBAIM MO KOJUYECTBY AHEH, YKa3aHHBIX PECIOHIECHTOM.
YactoTy nmprema ajgkorosisi U3y4Jaid 110 BapUaHTy OTBETA Ha BONPOC «YKaXHUTE PETYISIPHOCTD
yrnoTpeOJIeHs] aNKOTroJis: €KEHEAENbHO; eXEeMecAyHo;, eme pexe». ExxeHenenbHoe
yIOTpeOJICHHE aIKOTOJIsI OLEHUBAIU B 3 Oaia, exxeMecsyHoe ynorpebienue — B 2 Oama,
emie pexe — B 1 6amt. O6beM U KauecTBO yMOTPeOIIEeMOro ajKorois He YYUThIBaics. 3a0op
BEHO3HOH KPOBU OCYIIECTBIISJICS B XUMUYECKU YHCTHIC TIACTUKOBBIE IPOOUPKHU U3 JIOKTEBOM
BEHbl B MoyiokeHuH cuis. Ctabunmm3aTtopoM sIBISUICS BOAHBIN pacTBop 3,8%-ro muTpata
HaTpusd B cooTHomeHuu 9:1. M3mepeHus npoBoAMIUCh B TeueHHWe 4 YacoB IOCIe
BeHENMyHKIMU. KpoBb /10 M3MepeHus XpaHuiach B XOJIOAUIBHUKE IPHU TeMIiepatype oT +4° 10
+10°C. M3mepenne mokasareneil MpOBOAMUIOCH U3 OJHOW B3SATOW MOPIUH KPOBU. Bs3KoCTb
[EJTLHOM KPOBM HM3MEPsUTH Ha poTarioHHOM Bucko3uMerpe AKP-2 (Mocksa, 1997 r.) npu
ckopocTsax casura 200, 100 u 20 ¢!, Manekc ne(GopMUPYEMOCTH SPUTPOIIUTOB MPEICTABIISIT
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co00# YacTHOE OT JIeNIeHHs BI3KOCTH KPOBH MPH CKOpocTsax casura 100 ¢ w200 ¢t Mamexc
arperaiyy SpPUTPOLMTOB MPEACTaBIsUT cOOONW YacTHOE OT JeJeHHsS BA3KOCTH KPOBU IPHU
cKkopocTsx casura 20 ¢t i 100 ¢, BsiskocTh miasmsl u CBIBOpOTKH onpezensuiii Ha AKP-2
npu ckopoctu casura 100 ¢t Bsskocts KpPOBH M €€ KOMIIOHEHTOB W3MEpPSUIM TpHU
TeMmIepaTrype TepMocTaTHpoBaHus aHaimu3atopa + 37° C. B cratuctudeckoit oOpaboTke
UCIOJIb30BaN Kod(hpuimeHT panropoi koppensuuu CrnupmeHa sl OLEHKH JTOCTOBEPHOCTH
HyJE€BOMl rumore3sl 00 OTCYTCTBUM JIMHEHHOrO XapakTepa CBA3M MEXAY JBYyMs
MEePEeMEHHbIMHU. XapakTep H3y4yaeMbIX IEPEMEHHBIX: HE3aBUCHUMbIE — KOJIUYECTBO JHEH,
MPOIIEAIINX TOCIe TOCIEIHEr0 TMpUueMa alIKoTroyst, Oall OIEHKH YacTOThl YNOTPEOIeHHS
QJIKOTOJIs; 3aBUCUMBIE — MTOKA3aTeIN T€MOPEOJIOTHH (BSI3KOCTh LIEJIHbHONU KPOBU MPU CKOPOCTH
SpUTPOIHTOB cBrra 100 ¢, BS3KOCTB IUIA3MBI, BSBKOCTH CHIBOPOTKH, WHJIEKC arperaiu
SPUTPOLIUTOB, HHIAEKC JehOPMUPYEMOCTH SPUTPOLMUTOB). MUHHUMAIbHBIA  YpOBEHBb
cTatucThyecko 3Haunmmoctd Obl1 P < 0.05. Crartuctuueckuil aHaau3 NPOBOAMICS C
nmomoIpio mporpamMm «Statistica’99» (Bepcust 5,5 A., «Statsoft, Inc.», r. Mocksa, 1999);
«Biostat» (Bepcus 4,03, «Primer of Biostatistics, 1998, [Ipaktuka, r. Mockga, 1998).

Pe3ynbTathl uccienoBaHus MoKasaiy, 4To B OCHOBE 3 deKTa OT mpreMa aaKorois Ha
pPEOJIOTUYECKME CBOWCTBA LIEIBHOW KpOBU (BA3KOCTb, ICEBAOIJIACTUYHOCTb) JIEKUT
W3MEHEHHE BSA3KOCTH IUIa3Mbl W CBIBOPOTKH, 3aBHCSIIEE OT XapakTepa YHOTpeOIeHUs
QJIKOTOJIBHBIX HAIUTKOB. YTOTpEOJEHHE ajaKoroysi 3a JAEHb JI0 HMCCIEJOBAHMSI CHMYKAET
BA3KOCTh CHIBOPOTKH U I1a3Mbl. ExkeHelenbHbIN MPHeM alKOrOJIbHBIX HAIMUTKOB MY)KUHHAMU
1 JKEHIIIMHAMU BCEX BO3PACTHBIX MEPHUOI0B MPUBOJIUT K MOBBIIIEHUIO BA3KOCTHU CHIBOPOTKHU U
a3Mbl. Pa3BuTHe amKOTONbHOW 3aBUCMMOCTH CBSI3aHO C HM3MEHEHHEM PEOJIOTHYECKHX
CBOMCTB LIE€IbHOW KpOBH (NOBBILIEHHWEM BS3KOCTH WM CHU)KEHHMEM IICEBIOIIACTUYHOCTH).
ExxenenenbHbI TPUEM aJIKOTOJIBHBIX HANMUTKOB IOHOMAMHU W jaeBymkamu (17-19 mer)
CHMKAET IICEBJIOIUIACTUYHOCTD LIEJIBHOM KPOBH. Y JIFOJIEH 3PEJIOro BO3pACTa MPUCTPACTUE K
QJIKOTOJII0 TMPUBOAUT K TMOBBIIICHUIO BA3KOCTH IENbHOM KpoBH. B moxxuiaoMm Bo3pacte
CYIIECTBYET T€CHAas CBA3b MEXKIY YaCTOTOW MpHeMa aJKOTOJsl M BSI3KOCTHIO IEIBHON KPOBHU.
bu6a. 9.

KiroueBsle ciioBa: AJIKOT'OJIb, pCOJIOTHA KPOBU, SKCIICPUMEHT

Received 01 February 2001

100



