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XEMATOJ/IOIIKU CTATYC 1 ®YHKIIMOHA/THE
CIIOCOBHOCTHU KAPOUOPECIIMPATOPHOI CUICTEMA
OU3SNYKUN AKTUBHUX BETAHKU

Bragumup Vnnh', Cno6opnanka [Jo6pujesuh’, Hemamwa Pe6uh®

daxynTer criopra 1 GUSNYKOr BacINTama, YHUBep3uTeT y beorpany, Cpbuja
Qaxynrer ciopra 1 GUINYKOr BaclNTama, YHUBep3utet y beorpany, cryment OAC, Cpbuja

CaxxeTak

LI/ 0BOT MCTpaKUBamba je 6110 [a ce MCIIUTA YTIIIaj BETAHCKe HCXPaHe Ha XeMaTO/IOMIKe TapaMeTpe, Kao I fja Ce yropese GpyHKI[MOHaHe
CIIOCOOHOCTH KapAMOpeCIPaTOPHOT CUCTeMa BeTaHa 1 0cob6a Ha CTAHFAPAHOM PEXMMY MCXpaHe.Y30paK MCIMTAaHMKA YMHUIO je 24
0cobe XKeHCKOT 10714, MOfie/beHe y fBe Tpyme: 11 Berankm 1 13 >keHa Ha CTaHFAPAHOM PEXNUMY McxpaHe. IIporjeHa HuBoa usMuKe
aKTHMBHOCTY MCIMTAHMKA BpIleHa je cTangapgHuM IPAQ ynutHnkoMm. XeMaToMOMIKa aHamu3a 06yXBaTia je: KOMIUIETHY KPBHY CIIUKY,
munupan npodun kpsu, ButamuH B12 u rBoxbe. IIpahene cy ocHoBHe aHTpomoMeTpujcKe Bapujabie, a 3a IPOLEHY MaKCUMaIHe
HOTPOIIbE KMCeoHMKa KopuinheH je cybMakcuMamHy ACTPaHIOB TeCT Ha OMIIK/I eproMeTpy. 3a Meperbe MaCKMMaTHIX BPeHOCTH CpUaHe
¢dpexBennuje 1 KpBHOT npuTIcKa KopuirheH je RAMP koHTHMHYMpaHu npoTOKO/. Pe3ynrtaTy cy mokasaau Ja aKTMBHE BETraHKe MMajy
3HAYajHO HIDKY TeJIECHY MaCy M UHJEKC TelleCHe Mace y OGHOCY Ha aKTMBHE JK€He Ha CTaH[apJHOM peXuMy ucxpane. bpoj epurponura
u TpombonuTa, Kao u LDL - XormecTepona moKasyjy Hike BPeJHOCTH KOJ} BETaHKM y OfHOCY Ha KOHTponHy rpyiy (p<0.01). ITokasaTemu
(bYHKIMOHATHIX CIIOCOOHOCTI KAPAMOPECINPATOPHOT CUCTEMA Ce He PA3/IIKYjy KO AKTUBHIX BETAHKIL I YK€Ha Ha CTAHFAPIHOM PeXIMY
MCXPaHe.

Kbyune peun: BETAHCKA VICXPAHA / KPBHA CJIMKA / IVTIMITHN/ ITIPO®WIJT / TBOKBE / BUTAMMH B12 / VO, max

YBOJI
Berancka mcxpaHa, ocuM IITO WCK/By4yje CBe Kahleova, Hlozkova, Fleeman, Fletcher, Holubkov,
KUBOTUICKE HAMUPHMUIIE, OHOCHO Meco, puoy, & Barnard; 2019). Takobe, mokasasno ce a ncxpana

MJIEYHE IIPOU3BOJIE, jaja, Ia 4aK U MeJ, Y CBOjOj OC-
HOBIU TpefcTaB/ba Moce6Hy ¢umo3odujy >XmBoTa
KOja TofjpasyMeBa anTPYyUCTUIKYU, XyMaHU U eTU4-

KOja MCK/by4dyje HaMUPHIILIE )KMBOTUHCKOT TIOPEK/Ia
UMa MO3UTUBHe eeKTe Ha peryncame MeTabonmny-
KX 0007bemba, Kao IITO CY AujabeTec M MHCYIMHCKA

KJ OJJHOC IIpeMa JKMBOTHOj CPEJVHM ¥ 3aIITUTH pesucrennnja (Kahleova et al., 2018; Kahleova et al.,
JKMBOTUIbA. 2019; Barnard, Katcher, Jenkins, Cohen, & Turner-

Ho capa ce McTpakmBarmbyMa TOKasajo jja Aujere McGrievy, 2009). Beranu reHepamHO MMajy HIXU
Ha 61/bHOj 6a3u MMajy 6pojHe 31paBCTBeHe OeHedu- kpBuu nputucak (Kahleova et al., 2017; Appleby,

Te. Tako BereTepujaHIM U BeraHU MMajy HIUDKY CTO-

Davey, & Key, 2002), HuXe BPEZHOCTM YKYIIHOT
ny mopranurera (Kahleova, Levin, & Barnard, 2017;

" XO/leCTepo/ia MNUIIOIPOTEVIHA HMUCKE TyCTHMHE -

Dinu, Al?bate, Gensini, Casini, & S(fﬁ’ 2017), pebe LDL (Yokoyama, Levin, & Barnard, 2017; Fontana,
0007peBajy 0 MaIUTHUX 60}Ie:CTM (Dinu et al., 2017; Meyer, Klein, & Holloszy, 2007), Te pehe o6omeBajy
Key, Appleby, Spencer, Travis, Roddam, & Allen, ox xumneprensuje (Kahleova et al., 2017; Appleby et

2009), nmajy Mamy pU3MK Off HACTaHKA IOja3HOCTU

al., 2002), xopoHapHe 60/mecT cpla 1 UMajy Mambu
(Kahleova, Dort, Holubkov, & Barnard, 2018;

PM3MK Off HacTaHKa KapAMOBACKYIapHMUX OO/IecTu
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(Kahleova et al., 2017; Yokoyama et al., 2017; Fontana
et al.,, 2007).

Ca pmpyre cTpaHe, BeraHCKa NCXpaHa MOXKe
UMaTy ¥ HeKe HeraTVBHe e(eKTe Ha 3[paBCTBEHO
crame. KoHKpeTHO, 300T MCK/byuMBama HaMMUp-
HUIIA >KMBOTUIGCKOT IIOPEKIa, BeTaHM YITIABHOM
UMajy HIDKe BPeJHOCTM IMjaHOKoOamaMmmHa (BU-
tamuH b12) (Gallego-Narbon, Zapatera, Barrios, &
Vaquero, 2019; Clarys, Deriemaeker, & Hebbelinck,
2000). Takobe, 360r HIDKMX BPELHOCT TUIIOIPOTE-
nHa Bucoke ryctuHe - HDL (Linsel-Nitschke & Tall,
2005) 1 BMIINX BPEFHOCTM XOMOLMCTEMHA y Cepy-
My (Gallego-Narbén et al,, 2019; Elevated, Case, &
Nineteen, 1997), mTo je mokasaTesb feduunra BUTa-
muHa B12 n ¢onHe kmcenuHe, pu3uK 0f aTepPOCKIIe-
po3e Kof BeraHa Moyke 6uty moBehaH.

AHamm3oM [OCTyIIHe JNUTepaType MOXKe ce Yo-
YUTY [a HOCTOjU JIMMUTHUPAH O6poj CTyAuja Koje Cy
npoy4aBajne edekTe McxpaHe Ha O6mbHOj 6a3u Ha
(dyHKIMOHATHE ¥ MOTOPUYKe CIIOCOOHOCTN Pprsmy-
KJ aKTMBHIX UCIIUTaHUKa. [IBe CTyfuje Cy IoKasae
la BereTepujaHUU KOjU aKTUBHO TPEHUPAjy UMajy
60/be BpegHOCTM (YHKIMOHATHUX CIOCOOHOCTH
KapAMOpPeCIpaTOPHOT CHUCTEMA, OFHOCHO MAaKCH-
MaJIHe ITOTPOIIbe KUCeOHNKa y opehemy ca crop-
TUCTUMA Ha CTAaHAAPHOM pexxumy ucxpase (Veleba,
Matoulek, Hill, Pelikanova, & Kahleova, 2016; Lynch,
Wharton, & Johnston, 2016). Ca apyre ctpane, Hebn
u capaguuiy (2019) Hucy yrBpauam GeHedure Be-
TaHCKe WIN BereTapyjaHCKe MCXpaHe Ha MOTOPIYKe
1 QYHKIMOHA/THE CIOCOOHOCTH.

C o63upoM ga ce cnenupuyHe HyTPUTHUBHE Ha-
BUKE VI TPEHUHI CMATpajy 3a HajsHavyajHMUje (aKTo-
pe Koju yTudy Ha IIpoMeHe MOPQOTOUIKIX U (YHK-
IIVIOHA/IHUX CIIOCOOHOCTYM VHAMBUAYE, IW/b OBOT
UCTpaXkKMBatba je 610 fla ce MCIUTA YTUIIaj BETaHCKe
JCXpaHe Ha XeMATOJIOIIKe ITapaMeTpe, Kao 1 Ja ce
yropesie (pyHKIVOHaNTHEe CIIOCOOHOCTM Kappyuope-
CIIMPATOPHOT cucTeMa (PU3NYKY AKTUBHUX BeraHa I
0co6a Ha CTaHZJApFHOM PEXUMY UCXPaHe.

METO[,

Y3opak ucnmranmnka

VIHK/Ty3sUBHM KPUTEPUjyMHU 3a y4eCTBOBame Yy
CTyAuju cy OMIM Jla Cy MCOUTAHUIe HAa BETaHCKOM,
OJHOCHO CTaHMAplHOM PEXVMY MCXpaHe HajMambe
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TOIMHY JiaHa, KAa0 ¥ Jia TPEHMPajy PeOBHO y yMe-
PEHOM ¥ BUCOKOM MHTeSUTeTy MUHMMYM 3 cara
HeJle/bHO HeKe Off CIOPTOBA, KOji ce KIaCUPUKYjy 1Mo
TUITY USJP>K/BUBOCTIL.

Y30pak MCIMTaHMKa OOyXBaTHO je YKYIHO 24
ocofe XEHCKOT II07Ia, TIOfe/beHe y [iBe TpyIe: eK-
crepuMeHTanHy (11 BeraHkM) M KOHTPOJHY TPYILy
(13 >xeHa Ha CTaHIAPZHOM PEXUMY NUCXpaHe). 3a
IpOlieHy HUBOA (QU3NYKe AKTMBHOCTU VCIUTAHU-
ka xopumhen je IPAQ ymurauk (Vandelanotte, De
Bourdeaudhuij, Philippaerts, Sjostrom, & Sallis,
2005), oK je 3a IpOILleHy IPOCEYHOT THEBHOT YHO-
ca MakpoHyTpujeHaTa Kopuinher ymutauk (Heaney,
Connor, Gifford, & Naughton, 2010). Ipyne ncnnra-
HMIA Cy OWle yjegHadyeHe IpeMa IOy, CTapOCTU 1
HeJle’bHOM 001MY (M31YKe aKTUBHOCT.

ExcnepuMeHTaIHN IPOTOKOT
I Ipoleflype Meperba

ExcniepuMeHTaZHM IIPOTOKO/ pealn30BaH je y
nBe cecuje. IIpBa je oOyxBaTana y30pKoBamwe KpBI,
KOje je BpIIEHO Yy IperNofHeBHMM 4YacOBMMa, a MC-
HUTaHNIEe Cy foOMIe HeOIXOfHe WHCTPyKLuje O
y3uMamy XxpaHe 1 nuha. XeMartosomka aHammsa o0-
yXBaTuIa je:

1. KoMIIeTHa KpBHa CIMKa, MEPEHa je Ha ayToMa-
TU30BAaHOM XeMarosomkoM aHanusaropy (Coul-
terHmX, Beckman Coulter, Miami, Florida);

2. mmupan npodw (Hitachi 911, Tokio, Japan)

3. utamud bBb12 u rBoxbe (F**) mepeno panmo-
uMmyHoecejckoM MetopoM (Diagnosic Products
Corp, USA).

Jpyra cecnja obyxBaTana je aHTPOIIOMETPHjCcKa
Mepema U Mepema (YHKIVOHATHUX CIHOCOHO-
CTM KapauopecnuparopHor cucrema. Op aHTpo-
HIOMEeTPUjCKUX Bapujaby MepeHa je Te/leCHa BUCH-
Ha (aHTporoMerap mo MapTuHy) M Te/lecHa Maca
(Portabl Bara - Tanita Europe GmbH, Sindelfingen,
Germany). J3payyHaBame UHJEKCa TeJleCHe Mace
(BMI) Bpumo ce Ha ocHOBY popmyre: BMI (kg/m?)
= TM(kg) / TV(m?).

3a MpolleHy MaKCMMajHe MOTPOlIHe KMCEOHMKA
kopuimheH je cyOMakcumanHyM ACTPaH[IOB TeCT Ha
ounxn-epromerpy (Kettler Ergometar E5 - Kettler,
Germany). 3a Mepeme MAaCKUMATHNX BPeJHOCTH
cpuaHe ¢ppeKBeHIje 1 KPBHOT IIPUTUCKA KopyurheH
je PAMII KOHTMHYMpaHU POTOKON Ha OMIMKII-ep-
roMeTpy ca MHunMjanrHuM onrepehewem oxg 50W n
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MHKpeMeHTUMa off 25W Ha 1 MuHyT. Opekdenunja
cpua MepeHa je myncmerpom Polar RS400, a xpBHK
IPUTICAK MepeH racHuM MaHoMmeTpoM (Gimi, Italy)
VHAVPEKTHOM ayCKyITaTOPHOM METOHOM.

Crarucrmyka o6pasma mogaraka

Cratuctuuka obpaga BpIIeHaA je y Iporpamuma
Microsoft Excel 2010 n SPSS21.0. Y oxBUpY gecKpui-
TUBHE CTATUCTUKE, KOPUCTUJIE Cy Ce Mepe LleHTpaJl-
He TeHJeHLuje ¥ fucIepsuje. 3a TeCTUpame pas-
nmKa u3Mely rpyme BeraHKM ¥ KOHTpPOJIHE TpyIe Y
XeMaTOoJIOUIKMM ITapeMeTPpUMa, AaHTPOIIOMETPIjCKUM
KapaKTepuCcTUKaMa ¥ (YHKIMOHATHUM CIIOCOOHO-
CTUMMa KapAMOpecnupaTOpHOT CHUCTeMa, KopuurheH
je T-tecT 3a He3aBucHe y3opke. HuBo sHauajHOCTHM
yTBpbeH je 3a p<0.05.

PE3YIITATU

®usnyke KapaKTepUCTUKe VICHIUTAHUKA U HIXOB
06uM Q13NUKe aKTUBHOCTY IpUKa3aHe Cy y Tabenn
1. Vicimtannne cy 6ue yjemHaueHe IO TOAMHAMA,

Ta6ema 2 HyTpuTuBHYN YHOC MICOUTaHNIIA

BUCHHI 11 HUBOY YKYITHE CI)I/ISI/I‘{KG AKTUBHOCTI.

Ta6era 1 Ousnuke KapakTepuctuke u obum ¢GusmdKe
AKTUBHOCTH VICIIUTAHNUIIA

Ipyma Kontponna
Bapuja6e BEraHKN rpyma

Mean + SD Mean + SD
Topune 34.18 £12.21 30.85 £ 10.95
TV (cm) 166.45 + 7.65 169.92 + 5.81
™ (kg) 53.98 £ 5.85** 62.82 +£4.73
BMI (kg/m?) 19.55 £ 1.92** 21.62 +1.33
MET (mlO,/kg/min) 5612+ 3252 5537 +2379

Jlerenpa: Mean - apuTMeTndka cpefuHa; SD — crangapaHa
nesujanuja; TV - tenecHa sucuna; TM - TenecHa maca; BMI
— uHpeKc tenecHe Mace; MET — MeTaOonuMuyKy eKBUBaJIEHT;
*p<0.05; ** p<0.01

Jako je mpocedyaH THEBHU €HEPreTCKU YHOC He-
mTo HKM y rpymm BeraHkm (-157,52 Kcal/mam,
p>0.05), omHOC MaKpOHyTpujeHaTa Yy WMCXPaHU
II0Ka3yje Jja BeraHKe yHOCe 3Ha4ajHo Behy kommum-
HY YI/bHUX XMUJpaTa y OFHOCY Ha KOHTPOJIHY IPYILy
(Tabena 2).

Ipyna Berankmu KoHnTtponna rpyma
Bapuja6e
Mean + SD PenaTuBHe BpeHOCTH Mean + SD PenaTuBHe BpeHOCTH

Eneprercku yaoc (Kcal) 228.35 + 88.68 - 2385.77 +290.44 -
Vb, xupparu (g, g/kg) 361.95 +20.46 6,78 + 0,80** 310 +£32.93 4.96 +0.65
Macru (g, g/kg) 52.39+7.71 0.98 +0.19* 79.31 £15.70 1.73 £0.29
ITporennu (g, g/kg) 77.27 £ 10,76 1.45 £ 0.29** 108 + 14.54 1.28 £0.31
Brmakna (g, g/kg) 52.45+ 10,91 0.97 £0.20** 31£9.30 0.50 +0.16

*p<0,05; ** p<0,01

Yreo yrbeHUX Xmuppara, MacTU ¥ IPOTENHa, IIo-
CMaTPaHO y I1eJIOKYITHOM JTHEBHOM YHOCY KOJ, BeTaH-
Ku 610 je 65, 21.1 u 13.9%, 0K je KOJ KOHTPOJIHE
rpyte usHocKo 52, 29.9 n 18.1 %, pecrieKTUBHO.

[Tpahene xemartonomnike Bapujabie ykasyjy na Be-
raHKeM Majy HMKe BPEIHOCTM €PUTPOLUTA, XeMO-
r106MHA ¥ XeMaTOKPUTA, JOK Y OKBMPY JUIMIHOT
npoduna camo LDL mokasyje Hibke BPeTHOCTH Y
ofiHOCY Ha KOHTposnHy rpyny (Taberna 3).
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Tabesa 3 XemarosomKky nmapaMmeTpy BETaHKH U JKeHa Ha CTaHIap/IHOM PEeXHUMY UCXpaHe

Ipyna Berankn

Konrponna rpynma

Bapuja6e Pedepentna BpegHOCT (Mean + SD9 (Mean + SD)
WBC (x 10°/L) 4.0-10 5.48 £ 1.40 6.34 £ 1.45
RBC (x 10'*/L) 45-52 4.39+043* 473 +0.35
Hb (g/1) 115 - 160 131.36 +11.78* 138.46 +7.80
g Hct (/1) 0.42 - 0.53 0.41 £0.04* 0.43 £0.03
E MCYV (fl) 83-97 92.71+2.85* 89.66 + 3.77
i MCH (pg) 27 -33 30.35+1.29 30.05 = 1.57
= MCHC (g/1) 320 - 360 327+ 11% 337.54 + 7.28
PLT (x 10°/L) 158 - 424 228 £38** 291.25 £ 39.27
Fe?* (umol/1) 9-304 20.45 + 5.01 21.73 £ 4.88
B, (pmol/L) 145 - 637 410 £ 225 565.43 + 150.19
g Hol (mmol/l) 3.1-52 4.07 £0.81 4.75+0.94
-§- HDL (mmol/l) 1-16 1.72 £ 0.63 1.40 + 0.33
E LDL (mmol/l) 0-34 1.97 £0.79 * 2.95 +0.79
§ Tpurnnuepupn (mmol/l) 0-1.7 0.75+0.23 0.85+0.32
E MHpexc arepockinepose 0-3 1.38 £ 0.82 2.16 £ 0.60
DakTop pU3NKa 0-4.5 2.58 +0.86 3.45+0.64

Jlerenpa: mean — apuTMeTH4Ka cpeanHa; SD — crangapnHa gesujauynja; WBC - neykountn; RBC - epurpounty; Hb - xemorno6us; Het
— XeMaTOKpUT (yIeo KpBHUX 3pHAlla y YKyITHOM BonyMeHy Kpsu); MVC — cpenmn BonyMeHn eputporyra; MCH - npocedna KommymHa
xemorno6uHa y eputporury; MCHC - cpentba KoHIjeHTpaluja xeMornobuHa y eputpouutuma; PLT-tpomb6oryry; Fe?* - reoxxbe;

B,, - nmujanoko6anamuna (sutamun 512); Hol — xonectepom; HDL - xonectepon numonpoTent Bucoke ryctune; LDL - xomectepon

JIMTIONIPOTENH HICKe TycTuHe; *p<0.05; ** p<0.01

Hema 3HauajHMX pasiyka y mokasare/buma (GyHK-
IVOHA/IHUX CIIOCOOHOCTM  KapAMOpPeCHMpPaTOpHOT
CHCTeMa MePEHMX Y MIPOBabY ¥ TOKOM TeCTa MaKCH-
ManHor omnTepehema Ha OMIMKI-epromMeTpy usmeby
nBe rpyne (Tabema 4). 3aHuUM/BUBO je ma PU3NIKK

aKTUBHe BeraHKe VIMajy HelTo Behe BpeHOCTY Mak-
CUMaJlHe MOTPOIIbe KUCEOHMKA Y OHOCY Ha >KeHe
Ha CTaHJApAHOM pexumy ucxpade (~7 ml/kg/min,
p>0.05).

Ta6ena 4 OyHKIMOHATHY OATOBOPY KapANOPECIPATOPHOT CcTeMa Ha onTepehere

ey e

TA_SIS,, . (mmHg) 118.90 + 21.35 111.15+ 8.70
TA_DIJ,, (mmHg) 76.60 + 13.99 76.54 +5.16

HR,,,  (otk/min) 181.73 + 13.79 175.31 + 21.06
TA_SIS,,, (mmHg) 146.45 + 15.40 148.31 + 14.74
TA_DIJ, ,, (mmHg) 76.36 + 10.85 70.38 + 4.31

vO,,, (L/min) 3.25+0.62 2.93+0.63

VO, (ml/kg/min) 54.70 + 8.28 47.42 +12.21

Jlerenia: Mean — aputmeTnika cpeuna; SD — cranmapana nepujanuja; TA_SIS | - — cucTonnu mpuTHcak

y muposawy; TA_DIJ
nputucak; TA DIJ

MIR

— JIMjacTOJHU IIPUTHCAK y MupoBamy; TA SIS
— MaKCHMaJIHU JJUjaCTONHH nputucak; VO

MR~ MAaKCHMMaJIHA CHCTOJIHH

Aps alICoJTyTHA MOTPOIIkha KUCCOHUKA,

VO,  — penaTuBHA NOTPOIIKHa Kuceonnka; *p<0,05; ** p<0,01

2REL
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MUCKYCUJA

Pesynratu oBe cTyguje Cy IOKasaau fa BeraHKe
VIMajy HIVDKe BpelHOCTHU TeniecHe Mace 1 BMI y ogHo-
Cy Ha )KeHe Ha CTaHJApJHOM PEeXVMY MCXpaHe, Kao
U J]a BETaHCKM HAa4MH JMCXpaHe He yTude Ha QyHK-
IIVIOHA/IHE CIIOCOOHOCTM KapAMOPeCIMPATOPHOT CH-
crema. Takobe, mocMaTpaHe xemaTosolike Bapujabie
yKa3yjy Ha TO Jla MCXpaHa Ha MCK/bYYMBO OM/BHO]
6a3y MoXKe YTHULIATM Ha IlapaMeTape LipBeHe KpBHe
nose, LDL xonecrepona, Kao ¥ Ha BpeTHOCTU BUTA-
MuHa b .

OnrtuManHa TeleCHa TEXKMHA U Ofp)KaBambe
BpenHocty BMI y okBupy pedepentnux (De Onis
& Habicht, 1996) moBope ce y Bedy ca cMameHUM
PM3MKOM Off HacCTaHKa TOja3HOCTM, KapAMOBACKY-
JTapHUX, MeTA0OMMUKNX U pyrux obomema (Flegal,
Kit, Orpana, & Graubard, 2013). Ca gpyre cTpaHe,
Hucke BpegHocT BMI (ucmop 18,5 kg/m?) mory
yKa3aTyl Ha HeJOBO/baH MM HEYPABHOTEXEH YHOC
MaKpo ¥ MUKpPOHyTpujeHaTa (MajHyTpUIMja) LITO
3a moceanIy uMa nopemehaj 3gpaBcTBEHOr CTamba
U HapyIIeHY TeleCHY KOMIIO3MIjy IPMMAapHO yc-
e, CMamerma Mace MMIIMNHOT ¥ KOIITAaHOT TKUBA
(Saunders, Smith, & Stroud, 2011). Beranu mnmajy
reHepa/IHO Mamby TenecHy Macy u BMI y ogHOCcy Ha
ocobe Ha cTaHapgHOM pexxumy nucxpane (Kahleova
etal, 2018, 2019). Mera-ananusa [luny u capajHuka
(2017) xoja je obyxBaTuia aHa/IM3y pafioBa ca YKyII-
HUM y30pKoM of 8376 Berana IOKasaja je fa OBa
nomnynanuja uma BMI vwkn 3a 1.72 kg/m? y ogHoCy
Ha ocobe Ha cTaHZapAHOM pexumy. OBu pesynra-
TY Cy Y CK/IaJly ca pe3y/lTaTuma Jo0MjeHNM y Halloj
CTyAuju, Ile Beranke uMajy Hivku BMI 3a 2.07 kg/
m?(p<0.01). Mako BeraHke 1MMajy 3HauajHO HIDKY
TerecHy Macy u BMI, mocmarpane Bapujabie u jape
0CTajy y OKBMPY pedepeHTUX BPeJHOCTH, I1a He MO-
KEMO TBPAWTY Jla BETraHCKM HAYMH MCXpaHe MOXe
6uTy hakTOp pUsMKa 32 HACTAHAK HEYXPabeHOCTH.

PeatuBHO Manu 6poj CTyamja je mpaTuo Xema-
TOJIOLIKe Bapujabie 1M YTUILAj Pa3IMIUTHUX OOIMKa
UCXpaHe Ha INXOBe BpemHOCTU. Behmua crymmja
obaB/beHMX Ha Y30PKY BereTepujaHalia 1 BeraHa je
IOKa3aJjia ja cy BpegHocTy XeMorno6uHa (Waldmann,
Koschizke, Leitzmann, Hahn, 2004; Haddad, Berk,
Kettering, Hubbard, & Peters, 1999;Tong et al., 2019)
6poja eputrpounta (Dong, & Scott, 1982), neykorura
u trpombonnuta (Tong et al., 2019, Haddad et al, 1999)
6une Hmxe y mopebemy ca ocobama Ha yobudyajeHOM

pexumy ncxpase. Hamm pesynraru cy y ckmagy ca
Haja3uMa JOOMjeHMM Y IpPeTXOJHO IOMEHYTUM
crygujama. C 0631pOM Ha peaTMBHO Ma/lM y30paK
U CTaTUCTNIKy Moh y BehuHM momenyTux crypuja,
He MOXKe ce ca curypHomhy TBpAUTY fa MCXpaHa Ha
OmpHOj 6asu Mo>xke 6UTK PaKTOp pMU3MKa 3a HACTa-
HaK aHeMuje, MMyHolepUIMjeHIIuje /Y TIPORy-
JKEHOT BpeMeHa KpBaperba KOje HacTajy Kao IIocCje-
AuIa ma"nuToneHnje. Hiwke BpemHOCTN epuTpoOIu-
Ta ¥ KOHIIEHTpallje XeMOITIO0VHA Y epUTPOLMTIIMA
MOTy 6UTV HOBE3aHM Ca NeCTPYKIMjOM epPUTPOLINTA
yCres, MHTEe3MBHOT, IyTOTPajHOT (M3NIKOT HAropa
1 MexaHM4Kor crpeca (Nieman, 1999; Telford, Sly,
Hahn, Cunningham, Bryant, & Smith, 2003).

OnrtumanHe KOHIEHTpalMje IUINAA y CepyMy
IOBOJIE Ce Y Be3y Ca CMAmbeHNM PU3VIKOM Off HACTaH-
Ka KapIMOBAaCKYIapHUX U MeTabonmmunx obo/bema
(Castelli, 1996;Kuklina, Yoon, & Keenan, 2009). IIpet-
XOJTHA MCTPaKMBama Cy IT0Ka3asa IMO3NTUBHE edek-
Te MCXpaHe Ha OM/bHOj 6a3y Ha MUIMAHU HPOPUT
KpBI. MeTa aHa/m3a Jokyjame u capagHuka (2017)
IIOKa3aJa je [ja y OfHOCY Ha ocobe Ha CTaHJapJHOM
PeXMMYy, BereTepyjaHIu 1 BeTaHN VIMajy HIDKe Bpef-
HOCTH YKYTIHOT XonecTepona, LDL-a, HDL-a, anu ne
u Tpurmmnepupa. Hama cryguja nokasana je ma cy
Ko7l (pM3MYKM aKTMBHMX BeTaHKM CaMO BPEIHOCTH
LDL-a Hu>Ke y OTHOCY Ha KOHTPOJIHY TPYITY, Kao 1 fia
ce CBe BPEIHOCTM IapaMeTapa JTUINFHOT Impoduia
kpehy y oxBupy pedepentnux Bpegnoctu (Fontana
et al., 2007; Yokoyama et al., 2017).

360r BUCOKMX KOHIIEHTpaIja ¢urara, TaHU-
Ha 1 Qocdara, Te 300r HIDKMX BpegHOCTU IBoxkha
y HaMMpHHMIAMa OMWBHOT IIOpEeKIa, KOJi Bera-
Ha MO)Ke IIOCTOjaTM TMoBehaH pM3MK 3a HacTaHaK
CUJIEPOIIEHNjCKE aHEMM]je, KOja Ce OIJIMKYje HUCKUM
OpojeM U BOJNYMEHOM €pUTPOLMTA M HUCKOM KO-
mmarHOM xeMornobuna (Hazell, 1988). Mehyrum,
HAIIM pe3y/ITaTu MOKa3yjy /la, MaKo Cy HeK! Imapame-
TPU I[pBeHe KPBHE /103€ HIDKM y OFHOCY Ha Cpefmbe
pedepeHTHe BpeHOCTH, OHe 1 Jasbe 3a Behuny nc-
NMTAaHNWIA OCTajy y OKBUPY OICera pedepeHTHHX.
JemaH o1 pasyora Moke OUTH M BYCOK YHOC BUTaMM-
Ha C, KapaKTepUCTUYHOT 32 BETAHCKY UCXPaHy, KOju
O7aKIIaBa ancopniyjy reoxba. Jlakme, Ha OCHOBY
pesy/Tara Halle CTyZiuje, MOXKeMO Jja 3aK/by4IMO Jja
je amexBaTHe KomuuuHe rBoxkha Moryhe o6esbenutn
¥ IIyTeM UCK/bY4IMBO OM/bHE XpaHe.

JemHa op KapaKTepuUCTMKAa BeTaHCKe HCXpaHe,
KOjy HaBOJY Be/IUKY OPOj CTYAMja, je feduuuT BUTa-
muna b, y kpBu (Gilsing et al., 2010; Woo, Gallego-
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Narbén, 2019; Waldmann, Koschizke, Leitzmann, &
Hahn, 2005). CynipoTHO 0BUM, HaIlly pe3yaTaTy IIo-
Ka3ajy Cy HOPMajaH HMBO OBOT BUTAMUHA Y KPBU
BeraHa. MebhyTuM, aHam3oM mopaTaka o JHEBHOM
YHOCY XpamUBUX MaTepuja, yrBpheHo je ma je 7 o
11 Beranku KOPUCTHUJIO CYIIEMEHTe BUTaMMHa b .
JlajpoMm aHammsoM, yTBpheHO je fa Cy BeraHke Koje
HIICY KOPUCTIJIE CYIUIEMEHTe VIMajle pe3y/ITaTe OBOT
BUTAaMIMHa 0113y fiome TpaHuie pedepeHTHOr UH-
tepBaa (195 + 81.5 pmol/L), a Kox IBe BeraHke 3a-
OenexxeH je U 1beros AeuIUT (BPeLHOCTY Mambe Off
145pmol/L). C Tum y Be3n, oBaj 00/IMK NCXpaHe MOXKe
ce HaBeCTM Kao akTop pusMKa 3a AedUIUT BNUTa-
MuHa b, mTo umnimiupa Mmogudukanujy aujere y
CMICTTY YHOCA HaMMpHMIIA ca BehyM cafipkajeM oBor
BUTAMIHA WIN JOMATHY CyIUIeMEHTALNjy.

Hanasu Hekonmko cTyamja Koje cy ce GaBwmie
(YHKIMOHAMTHIM CHOCOOHOCTVMMA KapAMOpeCIn-
PaTOPHOT CHCTeMa BereTepujaHala yKasyjy /la OHU
OCTBapyjy 3HaTHO Behe BpegHOCTM MaKCHMajHe
HOTPOLIkE KICEOHNKA Y OHOCY Ha 0cobe Ha CTaH-
napmHOM pexxumy rncxpane (Veleba et al., 2016; Lynch
etal,2016). Mehyrtum, Hebnm cap. (2019) ncinryjyhn
(dyHKIMOHATHE CIIOCOOHOCTY KapAMOpeCIMpaTop-
HOT crcTeMa QpU3MYKY aKTVBHMX BeraHa, HIUCY IPO-
Halnwmm pasnuke usMmely Berana, BeretepmujaHama u
ocoba Ha CTaH[JaJHOM PEXMMY MCXpaHe. Y CKIamy
ca Hajla3}Ma OBe€ CTYAMje Cy M Hally pe3ynTaTu. Bu-
COKe BPeJHOCTU MAKCHMAJIHe IIOTPOLIbe KICeOHN-
Ka KOJI BeTaHKM MOTY ce 06jacHUTI (aKTOpMMA, Kao
HITO Cy: BUCOK YHOC YIJb€HMX XMJpaTa, Hyku BMI,
Kao 1 MOJAIM fla Ce BeTaHKe, Koje Cy y4eCTBOBase y
UCTPaXXIBalby, YITTABHOM O6aBe CIIOPTOBMMA IO TUITY
U3IP>K/BUBOCTIL.

3AK/bYYAK

OBa cTyAmja mokasana je fa BeraHke MMajy
3HAYAjHO Malby TeJleCHY Macy M HIDKU MHJIEKC Te-
necHe Mace. Koj ®mUX IOCTOjU TeHJeHLMja Ka HU-
KIM BPEJHOCTMMA HEKMX IlapaMeTapa KpBHeE JIO3e,
IOK Off TapaMeTpapa JUINMAHOT MpoWIa, jefIHO
LDL nokasyje H¥>Ke BpPeJHOCTM KOJ BeraHku. Be-
raHuma ce, y ciydajy pmeduiura ButamuHa b,
Ipenopydyje mberopa CyIUIeMeHTaIyja ¢ 0631pom
Jla ce Ha Taj HAuYMH HajjeqHOCTaBHHUje 06e36ehyjy
Iberope afleKkBaTHe KomnunHe. Ca Jpyre cTpaHe, OIl-
TUMaJIHe Ko/n4uuHe rBoxkbha BeraHu Mory o6e36emu-
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TV M IIyTeM MCK/bY4MBO OM/bHE XpaHe, 6e3 JofaTHe
cymiemeHTanyje. Jlajbe, MaKo BeraHKe OCTBapyjy
HelITo Behe BpefHOCTI MaKCHMaJTHe HOTPOIIbE KVi-
CeOHMKa, He MOXKe ce ca curypHourhy TBpAuTH ja je
0Baj TUII MCXPaHe IOTOJHU)I 332 Pa3BOj KapAuope-
crmpaTopHe u3zpxpnBocTH. bynyhe ctyauje Tpe6a-
710 6u a o6yxBate Behu 6poj ucnuTaHuka oba moina,
Kao U Jia ce Y aHa/lIu3¥ KOPUCTe IOJalyl Be3aH! 3a
TeJIeCHY CacTaB VCINUTAHNKA.

HAIIOMEHA

Pan je meo mpojexara 6poj 47015 m 41022, xoje
¢uHaHCcupa MUHMCTapCTBO TPOCBeTe, HayKe W
TEXHOJIOIIKOT pa3Boja Perry6mmke Cpouje.

Cyko6u nnTepeca
AyTopu u3jaBbyjy Aa HeMa CyKoOa MHTepeca y Besu
ca 00jaB/bMBabeM OBOT YIAHKA.
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Abstract

The aim of this study was to examine the influence of vegan diet on
hematological parameters, and to compare the functional abilities
of the cardiorespiratory system of vegans and counterparts on a
standard diet. The sample consisted of 24 females, divided into two
groups: 11 vegans and 13 women on a standard diet. Assessment
of the level of physical activity of the participants was estimated
by the standard IPAQ questionnaire. Hematological analysis
included: complete blood count, blood lipid profile, vitamin B12
and iron. Basic anthropometric variables were monitored, and
a submaximal Astrand test on a bicycle ergometer was used to
estimate maximal oxygen consumption. The RAMP continuous
protocol was used to measure the maximum values of heart rate
and blood pressure. The results showed that active vegans have a
significantly lower body weight and body mass index compared
to active women on a standard diet. The number of erythrocytes
and platelets, as well as LDL - cholesterol show lower values in
vegans compared to the control group (p<0.01). Indicators of the
functional abilities of the cardiorespiratory system do not differ
between active vegans and women on a standard diet.

Keywords: VEGAN DIET / BLOOD TEST / LIPID PROFILE /
IRON / VITAMIN B12 / VO,max

Extracto

El motivo principal de esta obra es evaluar la influencia de
alimento vegano en los parametros hematologicos y otros muy
importantes de las veganas y las que estan en el regimen normal
de la alimentacion. Fueron evaluadas las 24 personas femeninas
divididas en dos grupos: 11 veganas y 13 mujeres del tipo de
alimentacion estandard. La evaluacion era mesurada por el
IPAQ cuestionario estandardizado..La analisis hematologica
incluida una analisis hematologica completa, los parametros
lipidos de sangre, las vitaminas B12 y el irono. Eran evaluadas
las variables antropomotoricas y para la evaluacion del maximo
uso del oxigeno utilizaban un testo submaximo del Astrando.
Para la evaluacion de maxima frecuencia cardiaca y el estatus
hematologico utilizaban RAMP protocolo continuado. Los
resultados demostraron que las veganas activas tienen el peso
menor al contrario de las mujeres activas en la alimentacion
estandard. El numero de los eritrocitos y los trombocitos como
y LDL - holesterolo demuestran las medidas menores en las
veganas al contrario del grupo control. Las evaluaciones de
las capacidades funcionales del sistema cardiorespiratorio no
demuestran significantes variables entre las veganas y las mujeres
en la alimentacion estandard.

Palabras claves: LA ALIMENTACION VEGANA / ESTATUS
HEMATOLOGICO / PROFIL LIPIDO / IRONO / VITAMINA
B12/ VO, max
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INTRODUCTION

The vegan diet, except that excludes all animal
foods, i.e. meat, fish, dairy products, eggs and even
honey, is basically a special philosophy of life that
includes an altruistic, humane and ethical attitude
towards the environment and animal protection.

Previous studies have shown that plant-based diets
have a number of health benefits. Thus, vegetarians
and vegans have a lower mortality rate (Kahleova,
Levin, & Barnard, 2017; Dinu, Abbate, Gensini,
Casini, & Sophie, 2017), are less likely suffer from
malignant diseases (Dinu et al., 2017; Key, Appleby,
Spencer , Travis, Roddam, & Allen, 2009), have a
lower risk for developing obesity (Kahleova, Dort,
Holubkov, & Barnard, 2018; Kahleova, Hlozkova,
Fleeman, Fletcher, Holubkov, & Barnard; 2019). Also,
a diet that excludes animal foods of has been shown
to have positive effects on the regulation of metabolic
diseases, such as diabetes and insulin resistance
(Kahleova et al., 2018; Kahleova et al., 2019; Barnard,
Katcher, Jenkins, Cohen, & Turner-McGrievy, 2009).
Vegans generally have lower blood pressure (Kahleova
etal., 2017; Appleby, Davey, & Key, 2002), lower levels
of total and low-density lipoprotein cholesterol-LDL
(Yokoyama, Levin, & Barnard, 2017; Fontana, Meyer,
Klein, & Holloszy, 2007) and are less likely to develop
hypertension (Kahleova et al., 2017; Appleby et al.,
2002), coronary heart disease and have a lower risk
of cardiovascular disease (Kahleova et al., 2017;
Yokoyama et al., 2017; Fontana et al., 2007).

On the other hand, vegan diet can have some
negative effects on health. In particular, due to the
exclusion of animal food, vegans generally have lower
levels of cyanocobalamin (vitamin B12) (Gallego-
Narbon, Zapatera, Barrios, & Vaquero, 2019; Clarys,
Deriemaeker, & Hebbelinck, 2000). Also, due to lower
values of high-density lipoprotein - HDL (Linsel-
Nitschke & Tall, 2005) and higher values of serum
homocysteine (Gallego-Narboén et al., 2019; Elevated,
Case, & Nineteen, 1997), which is an indicator of
deficiency of vitamins B12 and folic acid, the risk
of atherosclerosis in vegans might be increased. The
analysis of the available literature shows that there
are a limited number of studies that have studied
the effects of a plant-based diet on the functional
and motor abilities of physically active subjects.
Two studies have shown that physically active
vegetarians have higher values of functional abilities
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of the cardiorespiratory system, i.e. maximal oxygen
consumption compared to athletes on a standard
diet (Veleba, Matoulek, Hill, Pelikanova, & Kahleova,
2016; Lynch, Wharton, & Johnston, 2016). On the
other hand, Nebl et al (2019) did not determine the
benefits of a vegan or vegetarian diet on motor and
functional abilities.

Given that specific nutritional habits and training
are considered the most important factors influencing
changes in the morphological and functional abilities
of the individuals, the aim of this study was to
examine the impact of vegan diet on hematological
parameters, as well as to compare the functional
abilities of the cardiorespiratory system of vegans and
counterparts on a standard diet.

METHODS

Subjects

The inclusive criterion for participation in the
study was that the subjects were on a vegan or standard
diet for at least a year, as well as to train regularly in
moderate and high intensity of at least 3 hours a week
in some type of the endurance sports.

The sample consisted of a total of 24 females,
divided into two groups: experimental (11 vegan)
and control group (13 women on a standard diet).
An IPAQ questionnaire was used to assess the level
of physical activity (Vandelanotte, De Bourdeaudhuij,
Philippaerts, Sjostrom, & Sallis, 2005), while
questionnaire was used to assess the average daily
intake of macronutrients (Heaney, Connor, Gifford,
& Naughton, 2010). The groups of participants were
uniform according to gender, age and weekly volume
of physical activity.

Experimental protocol and measurement
procedures

The experimental protocol was realized in two
sessions. The first included blood sampling, which
was performed in the morning, and the subjects
received the necessary instructions on taking food
and drinks. Haematological analysis included:

1. Complete blood count, measured on an automated
haematology analyser (CoulterHmX, Beckman
Coulter, Miami, Florida);

2. Lipid profile (Hitachi 911, Tokyo, Japan)
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3. Vitamin B12 and iron (F2 +) measured by
radioimmunoassay method (Diagnostic Products
Corp, USA).

The second session included anthropometric
measurements and measurements of the functional
abilities of the cardiorespiratory system. From the
anthropometric variables were measured body
height (Martin's Anthropometer) and body weight
(Portable scales - Tanita Europe GmbH, Sindelfingen,
Germany). The calculation of body mass index (BMI)
was performed based on the formula: BMI (kg/ m?) =
T™ (kg) / TV (m?).

A submaximal Astrand test on a bicycle ergometer
(Kettler Ergometer E5 - Kettler, Germany) was used
to estimate the maximum oxygen consumption
(VO,max). To measure the maximal values of heart
rate and blood pressure, the RAMP continuous
protocol on a bicycle ergometer with an initial load of
50W and increments of 25W per 1 minute was used.
Heart rate was measured using the Polar RS400 pulse
meter, and blood pressure was measured with a gas
manometer (Gimi, Italy) by an indirect auscultatory
method.

Statistical Analyses

Statistical processing was performed in Microsoft
Excel 2010 and SPSS21.0. Central tendency and
dispersion were used within the descriptive statistics.
T-test for independent samples was used to test the
differences between the vegan and the control group
for haematological parameters, anthropometric
characteristics and functional abilities of the

Table 2. Average daily energy intake

cardiorespiratory system. The level of significance
was determined for p<0.05.

RESULTS

The physical characteristics of the participants and
their weekly volume of physical activity are shown in
Table 1. The participants were stratified by age, height
and volume of physical activity.

Table 1. The physical characteristics and training

volume

Variable Vegans  Control group

(Mean + SD) (Mean + SD)
Age 34.18 £12.21 30.85 £10.95
BH (cm) 166.45 £ 7.65 169.92 £ 5.81
BM (kg) 53.98 + 5.85 ** 62.82 +4.73
BMI (kg/m2) 19.55 + 1.92** 21.62 +£1.33
MET (mlOZ/kg/min) 5612+ 3252 5537 + 2379

Legend: SD - standard deviation; BH- body height; BM - body
mass; BMI body mass index; MET — metabolic equivalent;
*p<0.05; ** p<0.01

Although the average daily energy intake was
slightly lower in the group of vegans (-157.52 Kcal
day, r>0.05), the ratio of macronutrients in the diet
shows that vegans consume a significantly higher
amount of carbohydrates compared to the control
group (Table 2).

Vegans Control group
Variable
mean + SD Relative value mean + SD Relative value
Energy intake (Kcal) 2228.35 + 88.68 - 2385.77 +290.44 -

Carbohydrates (g, g/kg) 361.95 + 20.46 6,78 + 0,80 310 + 32.93 4.96 +0.65
Fats (g, g/kg) 52.39+7.71 0.98 £ 0.19* 79.31 £ 15.70 1.73 £0.29
Proteins (g, g/kg) 77.27 +10.76 1.45 + 0.29** 108 + 14.54 1.28 £ 0.31
Dietary fibers (g, g/kg) 52.45+10.91 0.97 + 0.20** 31£9.30 0.50 + 0.16

#p<0.05; ** p<0.01.

Ratio of the carbohydrates, fats and proteins,
observed in the total daily intake in vegans was 65,
21.1 and 13.9%, while in the control group it was 52,
29.9 and 18.1%, respectively (p<0.05).

The observed haematological variables indicate
that vegans have lower values of erythrocytes,
haemoglobin and haematocrit, while within the lipid
profile only LDL showed lower values compared to
the control group (Table 3).
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Table 3. Hematological parameters

Variable Reference value (mZ:Eain;D) C(;)::;il i_gg(l);l)p
WBC (x 10°/L) 4.0-10 5.48 £1.40 6.34 + 1.45
RBC (x 10"*/L) 45-52 4.39+043% 4.73 £0.35
Hb (g/1) 115 - 160 131.36 £ 11.78 * 138.46 + 7.80
"; Hct (1/1) 0.42 - 0.53 0.41+£0.04* 0.43 £ 0.03
9]
; MCV (1) 83-97 92.71 £2.85*% 89.66 = 3.77
; MCH (pg) 27-33 3035+ 1.29 30.05 + 1.57
é MCHC (g/) 320 - 360 327+11% 337.54 +7.28
PLT (x 10°/L) 158 - 424 228 + 38 ** 291.25 £ 39.27
Fe?* (umol/l) 9-304 20.45 £ 5.01 21.73 £4.88
B, (pmol/L) 145 - 637 410 £ 225 465.43 £150.19
Hol (mmol/1) 3.1-52 4.07 £ 0.81 4.75 £ 0.94
) HDL (mmol/l) 1-1.6 1.72 £ 0.63 1.40 £ 0.33
qi LDL (mmol/l) 0-34 1.97 £0.79* 2.95+0.79
2 Triglycerides (mmol/l) 0-17 0.75 £ 0.23 0.85 + 0.32
= Atherosclerosis index 0-3 1.38 £ 0.82 2.16 £ 0.60
Risk factor 0-4.5 2.58 £0.86 3.45+0.64

Legend: SD - standard deviation; WBC - white blood cells; RBC - red blood cells; Hb — hemoglobin; Hct — haematocrit (proportion of
blood cells in total blood volume); MVC - mean erythrocyte volume; MCH - average amount of haemoglobin in erythrocyte; MCHC —
mean haemoglobin concentration in erythrocytes; Fe*" - iron; B , - cyanocobalamin (vitamin B12); Hol - cholesterol; HDL - high-density
lipoprotein cholesterol; LDL - low-density lipoprotein cholesterol; *p<0,05; ** p<0,01

Thereare nosignificant differences in theindicators
of functional abilities of the cardiorespiratory system
measured at rest and during the all-out test on a
bicycle ergometer between the two groups (Table

4). Interestingly, physically active vegans presented
slightly higher values of VO, max compared to women
on a standard diet (~ 7 ml/kg/min, r>0.05).

Table 4. Functional abilities of the cardiorespiratory system

Variable Vegans (mean + SD) Control group (mean * SD)
TA_SIS,, (mmHg) 118.90 + 21.35 111.15 + 8.70
TA_DI,;, (mmHg) 76.60 + 13.99 76.54 + 5.16

HR,;, (otk/min) 181.73 + 13.79 175.31 + 21.06
TA_SIS,,, (mmHg) 146.45 + 15.40 148,31 + 14.74
TA_DI;, (mmHg) 76.36 + 10.85 70.38 + 4.31

VO, ps (L/min) 3.5+ 0.62 2.93 +0.63

VO, (ml/kg/min) 54.70 + 8.28 47.42 + 1221

Legend: SD - standard deviation; TA_SIS, , - resting systolic pressure; TA_DIJ,, , - resting diastolic
pressure; TA_SISMIR - maximum systolic pressure; TA_DI]MIR - maximum diastolic pressure;
VO2 , - absolute oxygen consumption; VO2 . - relative oxygen consumption; *p<0.05; ** p<0.01.
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DISCUSSION

The results of this study showed that vegans have
lower body weight and BMI compared to women
on a standard diet, and that the vegan diet does not
affect the functional abilities of the cardiorespiratory
system. Also, the observed haematological variables
indicate that a plant based diet can affect the red
blood cell parameters, LDL cholesterol, as well as
level of vitamin B12.

Optimal body weight and maintenance of BMI
within the reference values (De Onis & Habicht,
1996) are associated with a reduced risk of obesity,
cardiovascular, metabolic and other diseases (Flegal,
Kit, Orpana, & Graubard, 2013). On the other hand,
low BMI values (below 18.5 kg/m?) may indicate
insufficient or unbalanced intake of macro and
micronutrients (malnutrition) which results in
health disorders and impaired body composition
primarily due to decreased muscle and bone mass
(Saunders, Smith, & Stroud, 2011). Vegans generally
have lower body weight and BMI compared to people
on a standard diet (Kahleova et al,, 2018, 2019). A
meta-analysis by Dino et al. (2017) that included an
analysis of scientific papers with a total sample of
8376 vegans showed that this population has a BMI
lower by 1.72 kg/m?* compared to individuals on the
standard regimen. These results are consistent with
the results obtained in our study, where vegans have
alower BMI of 2.07 kg/m? (p<0.01). Although vegans
have significantly lower body weight and BMI, the
observed variables still remain within the reference
values, so we cannot claim that a vegan diet can be a
risk factor for malnutrition.

A relatively small number of studies followed
haematological variables and the influence of
different forms of nutrition on their values. Most
studies conducted on a sample of vegetarians and
vegans have shown that haemoglobin (Waldmann,
Koschizke, Leitzmann, Hahn, 2004; Haddad, Berk,
Kettering, Hubbard, & Peters, 1999; Tong et al., 2019),
erythrocyte (Dong, & Scott, 1982), leukocytes and
platelets values (Tong et al., 2019, Haddad et al, 1999)
were lower compared to individuals on a standard
diet.

Our results are consistent with the findings ob-
tained in the aforementioned studies. Given the
relatively small sample and statistical power in most
of the mentioned studies, it cannot be stated with

certainty that a plant-based diet may be a risk factor
for anaemia, immunodeficiency and/or prolonged
bleeding time resulting from pancytopenia. Lower
erythrocyte values and haemoglobin concentrations
in erythrocytes may be associated with erythrocyte
destruction due to intense, prolonged physical
exertion and mechanical stress (Nieman, 1999;
Telford, Sly, Hahn, Cunningham, Bryant, & Smith,
2003).

Optimal serum lipid concentrations have been
associated with a reduced risk of cardiovascular and
metabolic diseases (Castelli, 1996; Kuklina, Yoon, &
Keenan, 2009). Previous study has shown the positive
effects of a plant-based diet on the blood lipid profile.
A meta-analysis conducted by Yokoyama et al. (2017)
showed that compared to people on a standard diet,
vegetarians and vegans have lower values of total
cholesterol, LDL, HDL, but not triglycerides. Our
study revealed that in physically active vegans only
LDL is lower than in the control group, and that
other lipid profile parameters are within the reference
values (Fontana et al., 2007; Yokoyama et al., 2017).

Due to high concentrations of phytate, tannin and
phosphate, and due to lower levels of iron in plant
foods, vegans may be at greater risk for sideropenic
anaemia, which is characterized by low erythrocyte
number and volume and low haemoglobin (Hazell,
1988). However, our results show that, although
some red blood cell parameters are lower than the
mean reference values, they still remain within the
reference range for most subjects. One of the reasons
may be the high intake of vitamin C, characteristic
of the vegan diet, which facilitates the absorption
of iron. Therefore, based on the results of our study,
we can conclude that adequate amounts of iron can
be provided exclusively through plant foods. One
of the characteristics of the vegan diet, presented in
numerous studies, is vitamin B12 deficiency in the
blood (Gilsing et al., 2010; Woo, Gallego-Narbon,
2019; Waldmann, Koschizke, Leitzmann, & Hahn,
2005). In contrast, our results showed normal levels of
this vitamin in the bloodstream of vegans. However,
analysis of daily nutrient intake data revealed that 7
of 11 vegans have used vitamin B12 supplements. In
further analysis, it was found that vegans who did
not use supplements had a vitamin B12 level close to
the lower limit of the reference interval (195 + 81.5
pmol/L), while in another two vegans is noted B12
deficiency (values of less than 145 pmol/L). In this
regard, this form of diet can be a risk factor for vitamin
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B12 deficiency, which implies modification of the diet
in terms of intake of foods with a higher content of
this vitamin or additional supplementation.

The findings of several studies that have addressed
the functional abilities of the cardiorespiratory system
of vegetarians indicate that they achieve significantly
higher values of VO,max compared to people on a
standard diet (Veleba et al., 2016; Lynch et al, 2016).
However, Nebl et al. (2019) examining the functional
abilities of the cardiorespiratory system of physically
active vegans, did not found differences between
vegans, vegetarians and people on a standard diet.
Our results are in line with the findings of this study.
The higher VO,max in vegans can be explained by
factors such as high carbohydrate intake, lower BMI
and fact that vegans who participated in the research
were mainly engaged in endurance sports.

CONCLUSION

This study showed that female vegans have
significantly lower body weight and BMI compared
to omnivorous. In female vegans, there is a tendency
towards lower values of some blood cell parameters,
while from the parameters of the lipid profile, only
LDL shows lower values. In term of vitamin B12
deficiency, vegans are recommended to supplement
it, since this is the easiest way to provide its adequate
amounts. On the other hand, vegans can provide
optimal amounts of iron entirely through plant foods,
without additional supplementation. Furthermore,
although vegans achieve slightly higher values of
VO,max, it cannot be said with certainty that this
type of diet is more suitable for the development of
cardiorespiratory endurance. Future studies should
include a larger number of participants of both sexes
and complete body composition analysis.
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