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CTAHOBHUIINE

OTHOCHO JIMCEPTAaLMOHHUSA TPYJ 32 IPUCHK/IaHE HA HAy4yHAaTa CTEIEH ,,JJOKTOp  Ha
Cgeria [letpoBa AceHoBa Ha Tema ,,[Ipuiio’keHME HA AHATUTUYHU METOH 32
OLICHSBAHETO HA BPBh3KaTa MEXAy KOCTHA IUTBTHOCT, HUBA HA OMOTE€HHU €JIEMEHTHU
Y Ha OKCUJATUBEH CTPEC MPU OCTEOINOPO3a”, B 00JIaCT HA BUCIIETO 00pa3oBaHUE
4. IlpupoiHU HAayKW, MaTeMaTuKa U UHPOpMaTHKa, MPOPECUOHAIIHO HAIIPABJICHHE

4.2. XMUYECKH HAyKH, HAyYHa CIEHUATTHOCT AHAIUTUYHA XUMUS

ABTOp Ha cranoBuieTo: npod. axu Jodbpomup Jumutpo Enues

Cgetna AcenoBa 3aBbpiiBa Buciie odpazoBanne OKC Maructbp no crenuaiHocT
»XUMAYHM TexHojoruu™ B XTMY, @akyinTreT MO0 XUMHUYHM TEXHOJOTHH, Tp.
Codust mpez 2000r. IIpez 2003r. momyuaBa Ilpodecronanna kBamudukarus
»YUUTEII 10 CHEHUATHOCT XUMUYHHA TEXHOJOTUU OT TeXHUYECKH YHUBEPCHUTET,
rp. Codus. IlapanenHo ¢ ToBa, mpe3 chlllata roAWHA, MOJTy4YaBa U MarucThbpCKa
CTEIEH M0 CIEeNHATHOCT ,,OuHaHCcK® OT BenmmKOoTbpHOBCKH yHUBEpPCHUTET ,,CB. CB.
Kupun u Meronuii“, Cromancku ¢akynrer, rp. B. TspuoBo. IIpe3 2006r.

nosyyaBa ,llera npodecnonanHo-kBanupukanuonsa creneH” or CY “Ku.



Oxpuacku®, JlenapramMeHT 3a nHQOpMaIHs U YChBbpPIIEHCTBAHE Ha yuuTenu. [1pes
2013r. mosydyaBa MarucTbpcka cTeneH mno creuuanHocT ,,Xumus“ or CY “Ki.
Oxpuncku‘, dakynrer no xumus u ¢papmarnus. [Ipe3 cpurata 2013r. craBa cbiio
taka 1 CrnenuanucT 1no ,,[eopeTUYHN OCHOBM Ha MEAMIIMHCKaTa XuMus or MY

I l1eBeH.

Ot 1999r. no 2002r. pa6otu kato nadbopauT B [Ipodecrnonanna rumuasus ,,Jlyu
[Tactop®, rp. I1neBen.

Ot 2002r. 1o 2007r. paboTH B ChIllaTa TUMHA3US KATO YUHUTEJ IO aHATUTHYHA
XUMHS U OMOXUMUSL.

Ot 2007r. 10 MOMEHTa pabOTH KaTO aCUCTEHT B ceKTOp Xumus Ha OO, MY

Il1eBeH.

B npencraBeHusAT MU IMCEPTALIMOHEH TPY/ ca 00OOIIEHU pe3yaTaTUTe,
myOJIMKYBaHU B paMKUTE Ha 6 HAyYHH ChOOIIEHMs B criucanus, karo O01ma
menuimHa - Scopus, SJR 0.111, Q4, Bulgarian Chemical Communications -
Scopus, SJR 0.179, Q4 , J of IMAB - Web of Science, Q4 u 6 noknana Ha HAyYHH
KOH(pepeHUHUH.

JuceprauoHHUAT TpyA € HanucaH Ha 209 ctp. Hutupanu ca 174 nureparypau
u3TouHuKa. [{ucepranusrta e wirocTpupana ¢ 7 npuioxeHus, 38 ¢purypu u 44

TaOJINIIH.

I/136paHaTa T€Ma € aKTyajlHd, KOCTO CC WJIIOCTpHUpa OIEC B HAYAJOTO Ha

JTHUCEPTALUATA, & UMECHHO:



CrpIiecTByBaT MHOXKECTBO (PaKTOpH, KOUTO BIMSISAT BHPXY KamiueBo-pochopHara
oOMsiHa, 0COOCHO B ChUETAHHWE C HETaTMBHH (PAKTOpM OT HAYMHA HA KUBOT, OT
HauMHA Ha XpaHEHEe W OT NpuApykaBamu 3alonsBaHus. Bce ome ponsta Ha
MHUKpOEJIEMEHTUTE MeJ, IIUHK, KEJsI30, MarHe3uil He € HambJIHO u3scHeHa. Ho Bce
HoBeY€e JJaHHHU TOBOPAT, Y€ AePUIUTHT UM UTPaAc ChUIECTBEHA POJIS 3a HapyllaBaHe
Ha KanueBo-(pocdopHaTa oOMsHA, JOBEXIAa OpraHu3Ma 10 OKCHUAATUBEH CTpEC,
KOWTO JOMBIHUTETHO HapyIllaBa KOCTHATAa XOMEOCTa3a.

Ot HampaBeHuss 0030p ce BWXKIA, Y€ pe3yATaTUTE 3a Bpb3KaTa MEXKAY
OCTEOTopo3aTa W CEePyMHUTE HHBAa HA MHKPOCJIEMEHTUTE HE ca €THO3HAYHU.
JlumcBat wm3cienBaHHMS Ha Bpb3KaTa MEXIYy HHUBOTO Ha OKCHUIATHBEH CTPEC B
OpraHuM3Ma, KOHIEHTpalusATa Ha CIOMEHAaTUTE OMOTeHHU €JIEMEHTH M KOCTHAaTa
TUTBTHOCT.

JlocToBepHU pe3yaTaTH 3a HUBaTa HAa OHOTEHHUTE €JIEMEHTH U Ha PEJIOKC
CBhCTOSIHUETO Ha OpraHuW3Ma Ce IMOJIydaBaT dYpe3 MPHIAaraHeTo Ha OOCHACHUTE
AHATUTUYHA METOIM 3a aHalu3. AJIEKBaTHAaTa WHTEPIpETals Ha IOJyYCHUTE
JaHHU M3UCKBA NpUJIaraHe Ha XeMOMETPUYHHUTE METOAM MOpaAu MHOTO(PaKTOPHUS
XapakTep Ha 3a00JI5IBaHETO.

ToBa MoTHBUpa aBTOpa Ja pa3paboTHU MPOYYBAHE C Y4aCTUETO HA MAIUEHTH OT
Obarapckara mMomyJalus, 3a Ja JONpUHEcaT 3a yBeJINYaBaHETO Ha Opos Ha
W3CIICIBAaHUTE TAIIMEHTH W 33 M3SACHSBAaHE Ha BIUSHUETO HA paIvKal-yJaBsiiara
aKTUBHOCT W Ha OWOTCHHUTE KOHIEHTpamuu BBpXy BMD, ¢ men mo-mobpa

OPEBEHIMS U KOHTPOJ Ha 3a00JIIBaHETO.

[eara Ha HACTOSIIUMS TUCEPTALMOHEH TPYA e: M3cienBane Ha Bpb3KUTE MEKIY
KOCTHA IIJITBTHOCT, HUBA Ha OMOIN€HHUTE CJIEMEHTH KaJIIIUH, MarHe3ui, )KeJIs130, M
W IUMHK W OKCHUJATUBEH CTPEC MNPU XEHU B MEHOIAYy3a 4Ype3 aHAUIMTUYHU WU

XEMOMCETPUYHHU MMOAXOIU.



3agavyuTe HA HACTOSILIMA JUCEPTAIMOHEH TPY/ ca:

1. AHanmuTHYHO ompenessiHe HAa CEPYMHUTE KOHIICHTpAlUW Ha KallWd, MarHe3ui,
KEIA30, MEJ M IMHK, KaKTO M HUBOTO HAa OKCHJIATUBEH CTPEC MPHU MAIUEHTH C
0CTEOII0p03a;

2. lla ce OTKpHST B3aUMHHM BpPB3KH MEXAY H3CJIEIBaHUTE OMOTEHHH €JIEMEHTH,
OKCHJIATUBEH CTPeC M KOCTHA MHHEpaJHa IUTBTHOCT 4pe3 KOpEeJTalMOHEH,
PErpEeCUOHEH M MHOTOBAPUAIIMOHEH CTATUCTUYECKU aHAIIU3;

3. Cratuctuiecko uaeHTUPUIIMpaHe Ha o0pa3iy Ha moaooue (heHOTHIIOBE) Cpel
W3CICABAHUTE TPYNMU OT MalMEHTH W Ja ce JaeUuHUpaT AUCKPUMHUHUPAIIA
napaMeTpH, OTTOBOPHU 3a (OPMUpPAHE HA TPYIIUTE Ha NMOA00HE;

4. Jla ce aHamu3MpaT pe3yJATaTUTE OT AaHKETHO Mpoy4yBaHe 3a (pamuiiHa
OOpEMEHEHOCT W BpeAHM OUTOBM HABUIIM C HEraTUBEH €(EeKT BbpPXY KOCTHATa

INITBTHOCT Ha XCHU ITAaIMCHTH B MCHOIIAY34a.

B3 ocHOBa Ha MPOBECHOTO MPOYYBAHE CE MPABU 3aKJIIOUYCHHE, Y€ MAIUEHTUTE C
HaMaJjieHa KOCTHA IUTTHOCT IIOKa3BaT MO-BUCOKM CTOMHOCTHM Ha RSA, moBuileHu
KOHIICHTPAIIMU Ha M€l M IIMHK W IMOBHUIIICHW CTOMHOCTH Ha chOoTHOIIeHHETOo Cu/Zn
B CpaBHEHHE C KOHTPOJIHATA rpymna.

[ToBumaBaHeTo Ha CepyMHUTE HHMBA Ha MEJl W LIMHK MPHU MAlUEHTH C HamMajeHa
KOCTHA TUTBTHOCT MOKE J1a C€ IBIKH Ha pa3rpakJJaHeTO Ha €H3WMUTE, Y4acTBaIH
B KOCTHHUS MeTa0OJM3bM, Ha KOUTO ca KOMIIOHEHTH MeATa W IMHKa. ToBa
pasrpaxaaHe ce 3aJeicTBa OT MoBUIIEHO HUBO ROS B KIIETKUTE B KOHTEKCTa Ha
octeonopo3a. IloBuiieHara KOHIEHTpalMs HAa MEIHU MOHM B cepyMa HHUIUHPA
BTOPUYHU PaJIMKaIHU MPOLECH, KOUTO JOIIBIHUTENHO noBuiiaBaT Heropata AOA.
[TaniuenTuTe ¢ HOpMAJIEH KOCTEH METa0OJM3bM MOIAbPKAT MO-HUCKH CEPYMHH

koHeHTpauu Ha Cu U Zn, Th KaTO TSAXHATa BBTPEKJIEThUHA (PYHKIMS OCTaBa



HenokbTHaTa. Hamanenoro TCHCPpHUPAHE HAa AOIIBJIHUTCIIHN PaJIMKAIN 00sICHSBA MO~

Huckusa cepyMeH AOA, HaOIt0/1aBaH B KOHTPOJIHATA TpyIia.

Te3u KOHCTAaTallUN IIOTBBHPIKAABAT CBBMCCTHOTO B’I)3I[€I>iCTBH€ Ha CBO6OI[HI/ITC

paaukain U pCAOKC-aKTUBHUTEC MCTAJIM, KaTO MCATA, KaKTO BBPXY AOA, TaKka Hu

BBpxy BMD.

HpI/IJIO)KeHHHT OT aBTOpa MHOTI'OBApHUAIIMOHCH CTATUCTHYCCKU aHAJIN3 IIOAYCPTaBa

Bpb3kaTa Mmexny BMD, cpabpkannero Ha OnorenHu eneMeHTH u AOA.

U3BOIM

1.

[Ipu onpenensHe Ha koHreHTparusaTta Ha Cu, Zn 1 M( B KpbBHHUS CEepyM
MOJy4YMXME II0-BUCOKH CPEJAHU CTOMHOCTH NpPH TALMEHTU C HapyIICeH
KOCTEH METa00JIM3bM, NTO-U3PA3EHU MPU MAIUEHTH C OCTCOTICHUSI.
Otnomenuero Cu/Zn Ce OKa3Ba BaX€H MapKep 3a CTENeHTa Ha
3a00JIIBaHETO.

IloBumaBaneTo Ha CTOMHOCTHUTE HA OOIaTa aHTUOKCHJAHTHA aKTHBHOCT B
KPBBHUSI CEPYM MPH MAIUEHTH C OCTEOIOPO3a € MO-BUCOKO, OTKOJIKOTO MPH
KOHTPOJIU U MAIUEHTH C OCTEOIICHHUS.

KopenannoHHusT aHanu3 aeuHUpa CTOXACTUYHH BPB3KH MEXKIYy KOCTHA
IBTHOCT, Maraesuit, AOA, T-score, BMI, Bb3pacr.

Cob3majieH € perpecMoHeH MOJEN 3a 3aBUCUMOCT MEXKy KOCTHATa MIBTHOCT
1 MHIEKC Ha TejecHa Maca 1 AOA, KOWTO MOJKE Ja Ce€ M3MO0JI3Ba 3a JISCHO
JUAarHOCTUYHO TIPEJCKa3BaHE Ha HaMaJCHHUETO Ha KOCTHA IUIBTHOCT OT
JIECHO JOCTBIHU JCCKPUIITOPH.

OO6001IeHUTE PE3yNTATA OM XeMOMempudHUs aHaiu3 AePUHUPAT CICTHUTE
OCHOBHU (haKTOpHU, OMNpENESld CTPYKTypaTa Ha EKCIEPUMEHTATHUTE

JTaHHU.



dakTop, oTroBopeH 3a ¢opMmHpaHe Ha ,o00pa3ell HAa JAHATHOCTHYHO
BB3JICHCTBUE", BKIIOYBAILL AecKkpunTopute T-score, ABMD;

dakTop, CBBpP3aH CHC CBHCTOSHHE Ha HaMajeHa KOCTHA IUTBTHOCT H
dbopmmpary ,,00pazerr Ha ePeKkTa Ha MUHEPATHOTO ChIbPKAHUE W OTYUTAII]
possita Ha aeckpunropute Ca, Mg, Cu;

dakTop, CBBp3aH ¢ OOWIMS 3paBEH CTATyC M Pa3KpUBAIl BPH3KH MEKIY
neckpuntopure BMD, BMI, AOA, Age, Fe, Zn, dbopmupanu ,,00pazen Ha

(bM3UYECKO CHhCTOSIHUE Ha TTaIlieHTa .

INPUHOCH

[IpemyioxkeH € OpUTrMHAIEH MapKep 3a CTelneHTa Ha 3a0oisBaHe oOT
OCTEOIOpO3a U OCTEONEHUS, U3MO3BAalll OTHOIIEHUETO HA KOHLIEHTPALMUTE
Cu/Zn BMecTO TpaJMIMOHHUTE KJIMHUYHMA aQHAJIM3M HA CEPYyMHHUTE
KOHIIEHTpAIlMX Ha JIBaTa KOMIIOHEHTA.

Cp31azneH € aJeKBaTeH PerpecuOHEH MOJEN 3a Bpb3KaTa MEXIy KOCTHAaTa
IUTBTHOCT Ha TMaluMeHTa W He3aBucumute napametpy AOA U HHAEKC Ha
TeJecHaTa Maca, KOMTO MO3BOJISIBA JIECHO M EKCIPECHO IpEecKa3BaHE Ha
CTOMHOCTTA Ha KOCTHATa IUTBbTHOCT ¥ MPEABAPUTEIHO NTO3HATH CTOMHOCTH Ha

perpecopure.

Ha 6a3ara Ha pe3ynratu OT €IMH OT XEMOMETPUYHUTE aHATIU3U YPe3 KIACTEPEH U

(dakTopeH aHaiu3 (MaMEHTH 0€3 KOHTPOJIHA IPpyIa) ca UICHTUPUIIMPAHU TPU
yCIIOBHU (DEHOTHUIIA MALMEHTH C HaMajeHa KOCTHA MIIBTHOCT (OCTEONEHUS WU
OCTEOIpO3a KaTo OCHOBHA JUarHo3a): GeHOTHIl |: MalueHTy ¢ Hali-HeTaTUBEH
e(eKT OT OCTEOIOPO3a U Hal-3HAUUTEITHU META0OJUTHU HApYLICHNUS;
(eHOTHI 2: MALMEHTH, 3aCETHATH OT OCTEONOPO3a B HAUaJIeH CTaIuil;

q)eHOTI/IH 3: INanueHTH C TUIINYHA OCTCOIICHUA



3ak/jIro4eHue

Cgerna [lerpoBa AceHoBa npecTaBsi AUCEPTALIMOHEH TPY/Jl 3a MPUI0OUBaHE Ha
Hay4YHATa CTEIEH ,,JOKTOP ™, KOUTO C€ OCHOBAaBa HAa MOCJIEA0BATEIIHO OCTPOCHA
HayyHa nporpama. OChIIECTBEHHU ca 3abJI0O0YEHH U3CIIEBAHUS, KaTO IIPU TOBA ca
ThPCEHU MPAKTUYHU PELIEHHsI C Bb3MOXKHOCTH 3a IpuioxkeHue. [locturuarure
pe3yNTaTH MOTaT J]a Ce XapaKTepU3upaT Karo MPUHOC KbM 000TraTsSBaHETO Ha
CBILIECTBYBAIIA 3HaHUsA. Pe3ynrarure ocTurHat or ac. AC€HOBa ca HAMEPHIIU
MPU3HAHUE CpeJl HayyHaTa OOIIHOCT Ype3 MyOIMKYBaHETO UM B CIIEHUATIM3UPAHU
Hay4HH CIIUCAHMS C CIie]] IPEMHUHABaHE Ha MpoLec Ha pedepupane.

[Topanu ToBa, yOeneHo npenopbuBaM Ha yBakaeMuTe ujieHoBe Ha HayuHoTo xypu
J1a TJIacyBar 3a nmpuckxaanero Ha Ceerna [lerpoBa AceHOBa Ha Hay4YHATa CTEIICH

"moktop".

01.08.2024 Ipod. axu JI. Exuen: Ha ocHoBakue un. 59 or 3314



To

The Chairman of the Scientific Jury,
appointed by order of the Rector of
Medical University - Pleven

N 1775 of 25.06.2024

STATEMENT

regarding the dissertation work for awarding the scientific degree "doctor” to Svetla
Petrova Asenova on the topic "Application of analytical methods for the
assessment of the relationship between bone density, levels of biogenic elements
and oxidative stress in osteoporosis”, in the field of higher education 4. Natural
sciences, mathematics, and informatics, professional direction 4.2. Chemical
Sciences, scientific specialty Analytical Chemistry

Author: Prof. Dr. Dobromir Dimitrov Enchev

Svetla Asenova completed a higher education Master's degree in "Chemical
Technologies" at HTMU, Faculty of Chemical Technologies, Sofia in 2000. In
2003 received the Professional qualification "*Teacher in Chemical Technologies™
from the Technical University, Sofia. In parallel with this, in the same year, he
received a Master's degree in finance from Veliko Tarnovo University "St. Cyril
and Methodius"”, Faculty of Economics, V. Tarnovo. In 2006 received the "Fifth
professional-qualification degree™ from SU "Cl. Ohridski", Department for
Information and Teacher Improvement. In 2013 received a Master's degree in
"Chemistry" from SU "KI. Ohridski", Faculty of Chemistry and Pharmacy. In the
same year 2013 he also became a Specialist in "Theoretical Foundations of
Medicinal Chemistry"” from the Pleven University of Medical Sciences.



From 1999 until 2002 she works as a laboratory assistant at the "Louis Pastor"
Vocational High School, Pleven.

From 2002 until 2007 she works in the same high school as a teacher of analytical
chemistry and biochemistry.

Since 2007 until now, she has worked as an assistant in the Chemistry department
of the Faculty of Science, at Pleven University.

In the presented dissertation, the results are published in 6 scientific
communications in journals such as General Medicine - Scopus, SJIR 0.111, Q4,
Bulgarian Chemical Communications - Scopus, SJR 0.179, Q4, J of IMAB - Web
of Science, Q4 and 6 papers at scientific conferences.

The dissertation is written on 209 pages. 174 literary sources are cited. The
dissertation is illustrated with 7 appendices, 38 figures, and 44 tables.

The chosen topic is relevant, which is illustrated at the beginning of the
dissertation, namely:

Many factors affect calcium-phosphorus metabolism, especially in combination
with negative factors from lifestyle, diet, and accompanying diseases. The role of
trace elements copper, zinc, iron, and magnesium is not yet fully understood.
However, more and more data show that their deficiency plays an essential role in
disrupting the calcium-phosphorus exchange, leading the body to oxidative stress,
which further disrupts bone homeostasis.

From the overview, it can be seen that the results on the relationship between
osteoporosis and serum levels of trace elements are not unambiguous. There is a
lack of research on the relationship between the level of oxidative stress in the
body, the concentration of the mentioned biogenic elements, and bone density.

Reliable results for the levels of biogenic elements and the redox state of the
organism are obtained by applying the discussed analytical analysis methods.
Adequate interpretation of the obtained data requires the application of
chemometric methods due to the multifactorial nature of the disease.

This motivated the author to develop a study with the participation of patients from
the Bulgarian population to contribute to the increase in the number of studied



patients and to clarify the influence of radical scavenging activity and biogenic
concentrations on BMD, with the aim of better prevention and control of the
disease.

The aim of this dissertation is: To investigate the relationships between bone
density, levels of biogenic elements such as calcium, magnesium, iron, copper, and
zinc, and oxidative stress in menopausal women through analytical and
chemometric approaches.

The tasks of this dissertation are:

1. Analytical determination of serum concentrations of calcium, magnesium, iron,
copper, and zinc, as well as the level of oxidative stress in patients with
0Steoporosis;

2. To discover mutual relations between the studied biogenic elements, oxidative
stress, and bone mineral density through correlation, regression, and multivariate
statistical analysis;

3. Statistical identification of patterns of similarity (phenotypes) among the studied
groups of patients and to define discriminating parameters responsible for the
formation of the groups of similarity;

4. To analyze the results of a survey on family burden and harmful lifestyle habits
with a negative effect on the bone density of female menopausal patients.

Based on the study conducted, it was concluded that patients with reduced bone
density showed higher RSA values, increased concentrations of copper and zinc,
and increased values of the Cu/Zn ratio compared to the control group.

The increase in serum levels of copper and zinc in patients with reduced bone
density may be due to the degradation of enzymes involved in bone metabolism, of
which copper and zinc are components. This degradation is triggered by an
increased level of ROS in cells in the context of osteoporosis. The increased
concentration of copper ions in the serum initiates secondary radical processes that
further improve its AOA. Patients with normal bone metabolism maintain lower
serum concentrations of Cu and Zn because their intracellular function remains
intact. The reduced generation of additional radicals explains the lower serum AOA
observed in the control group.



These findings confirm the joint effects of free radicals and redox-active metals,
such as copper, on both AOA and BMD.

The multivariate statistical analysis applied by the author highlights the relationship
between BMD, the content of biogenic elements, and AOA.

CONCLUSIONS

1. When determining the Cu, Zn, and Mg concentrations in the blood serum, we
obtained higher mean values in patients with impaired bone metabolism, more
pronounced in patients with osteopenia.

2. The Cu/Zn ratio appears to be an important marker of disease extent.

3. The increase in total antioxidant activity values in blood serum in patients with
osteoporosis was higher than in controls and patients with osteopenia.

4. Correlation analysis defines stochastic relationships between bone density,
magnesium, AOA, T-score, BMI, and age.

5. A regression model was created for the relationship between bone density and
body mass index and AOA, which can be used to easily diagnostically predict the
decrease in bone density from readily available descriptors.

6. The summarized results of the chemometric analysis define the following main
factors determining the structure of the experimental data:

- a factor responsible for forming a "diagnostic impact pattern” including the
descriptors T-score, ABMD;

- a factor associated with a state of reduced bone density and forming a "model of
the effect of mineral content" and taking into account the role of the descriptors Ca,
Mg, Cu;

- a factor related to the general health status and revealing relationships between the
descriptors BMD, BMI, AOA, Age, Fe, and Zn, forming a "pattern of the patient's
physical condition".



CONTRIBUTIONS

1. An original marker of the disease extent of osteoporosis and osteopenia is
proposed, using the ratio of Cu/Zn concentrations instead of the traditional clinical
analysis of serum concentrations of the two components.

2. An adequate regression model was created for the relationship between the
patient's bone density and the independent parameters AOA and body mass index,
which allows easy and express prediction of the bone density value and previously
known values of the regressors.

Based on the results of one of the chemometric analyses by cluster and factor
analysis (patients without a control group), three conditional phenotypes of patients
with reduced bone density (osteopenia or osteoporosis as the main diagnosis) were
identified: phenotype 1. patients with the most negative effect of osteoporosis and
most significant metabolic disorders;

phenotype 2: patients affected by early-stage osteoporosis;

phenotype 3: patients with typical osteopenia

Conclusion

Svetla Petrova Asenova presents a dissertation for obtaining the scientific degree
"doctor”, which is based on a consistently built scientific program. In-depth
research was carried out, while practical solutions with application possibilities
were sought. The achieved results can be characterized as a contribution to the
enrichment of existing knowledge. The results achieved by Assistant Professor
Asenova have found recognition among the scientific community through their
publication in specialized scientific journals after passing a refereeing process.

Therefore, | strongly recommend to the respected members of the Scientific Jury to
vote for awarding Svetla Petrova Asenova the scientific degree "Doctor".

01.08.2024 Prof. D. Enchev: Ha ocHoBauue un. 59 ot 33/



