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Abstract

Ai nCardiovascul ar di seasesprasendi albbeaadisngined o1
mor bidity and mortality, i mposing substanti a
gl obkese burdens are part-andl @4 ¢hgloenet coment a
where access to advanced diagnostic technol
detection of CVDs and DM is imperative for e
prevoenn.t i Howeweenti onal di agnostic techniques
i ntiemes and dependent Odmeuséor knowhedge.eseart
develop and evaluatievasi vet érlaimgenntr Kk memng
alternative biological matri x, combined with

machine flemarnhemgdet ecti on of cardiovascul ar

Met hodlwo quantitative studies, including a
guestiomerad reondhet ddr st examined current t
practices, such as diagnostic techemadgmae ando
understandingelbétedd skeasttor s and conmltheext ual i
detection of diseaset hwphysasaes aedl thh rooefidhgmi c
fingernai¢tenadamdt edhsusing a variety of vibrat
includi ng i-indffrraareedd aredr RamamMos pteheee riprspcaocpty o
di sease in terms of elemenéagé tompbei fiagenl
were evaluated through scanning trearegmgiyssi
di sperrsawesXectrometry, respectively.

Data an®uwupetstative data obtained from the s

participants6 data from questionnaires were
2019 and SPSS version 29.0.2.0, where descri
were appliiree .|l eMaarcrhi n o cd luglo migt kms r el ati on i n =
pri nciopngplonent analoyrsgiasni amah g s enlafpcsl,asass f welatl i
modewsre applied to explore patterns in the
version R2024a.

Findi Agsystematic review of the existing |Ii
advanced analytical techni ques @ardd ibawama Kles
di se ogkisabet es. Emeldlences from the systematic

notion of exploring alternative technitques &



effective anadrydgi gnii cadloeieowc oTulme r iresul t s of
guestionnaires, paired withthegretatioagheps
the mani festation of cardiovascul ar-(digeeases

bi ol ogical sex and s mokli ghtgeodnab bt d) taed)clkisk
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form of a rough topographic fingernail pl at
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of i1 denti faryelngt ald slkeriaseh e mi cal .Byndutsitlriusitrug ad
invasive sampl i mgqeamsnt hoshamppheeqpha raantdi osnt, or ag e
this approach has the potenestal diagsoghni ¢i c
decrease reliance on-bacmrve bt io@nallhrelad na reagtr cart yi

machine | earni sgutfaomahed datbl processing and

c
c

reduci nigm cwoirnkilcoad and shortening turnaroun
n

beneficial faomrd |saurdgsec lisirclsagldet ut ¢ s tUichn als He al
SereiMoreoweaditional di agnostic pathways ar
| aboratory i nfrastructur ebaotnhd ohfi guh igng it & ar @ e
i naccessirbelseourncd oswettings. I n contrast, vVvibr
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mi sclassification of machi ne |l earning and
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Chap oree.: |l ntroducti on

1. Cardiovascul ar diseases (CVDs)

For the | ast three decades, cardiovascul ar
| eadi ng cause of morettalaidly ; glVald adth y2zad{262e)s.ar e
In 2021 alone, 20.5 million deaths were attr
of all deaths egltoml@PR2 ZY Db (elliantdesdt rdoenat hs ar e cl &

|l eading cause of prematcwrnemumo ctadll et Wi sm@as @ S
(Casaread24pchemic heart di seiasset (d HDga ckipreg i
of prreenadaat h i n 1Maol amodu notf8re imendC efscaerte 220 2 4 ;

NCD Countdown 2030 Cdodhkabompiexsty2020)XX.he g
intensified by varying |l evels of inequalitie
of CVDs. |t i s howanwder minbdleehe ¢tbanttiows (LM
hi gher rates of CVD casmosr taanldi trye liant eado nppraerma
i ncome countri est @AILGHhWorBadwrHe al t h Or gani s a
figures swgdtedsrted hauarters of cardiovascul ar
L MI Cs , affecting bot h f emal es and mal es, t
individual-sgefi(8M6 rykeiamg ol 8). ( WHO, 202

The upsurge of CVDs poses a significant bur
creating critical chall enges for national h e
approach is required for detection, prevent.i
Cappuccia2®22) .

CVDs are a group of disorders t h(aWwHQ,mp2a0c2t5 )t h
They are commonly as-apciodtddatwytdepobutsd c
inside the arteries and an increased risk of
heartdés functioning, damage to arteries wit
occhAme(i can Diabetes;NASsoRi0O&2Bi)on, 2010

1. Piagnosis of CVDs

The diagnostic process for C\Wpseciisi i glhing i
Therefore, while there is no o6gold standarc
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several are routinely applied. The diagnost.i

i ndi vi dual patientds clinical presentation,
Di agnostic tests utilisedi nfcolrcdtedeacdemaghed
resonance ( CMR) , cardi ac catheterisation,
angiography (CCTA) , echocardiogr ams, el ectr

i maging technol ogy.

1. 2CMR

CMR has been described as a comprehensive i m
cardiovascul arcomonahy!| dgeywy,rt , dif $ @avsequ@@HDX i

myocardi al perfusion, ti ssue characeaterals.a,t i
2024). Through specialised magnetic resonanc
utilise strong magnetic fiel-dsabntdyrathagesat
heart. As a result, CMR is routinely empl oy

Noneltenesyseéehef this technique does not come \

challenges attributed to cardiac and respira
Suanfiseng, 2016). The presence of motion art e
Therefore,- whadievenonthis technique requires

respiratory datlidng gort elcrhent tdaletWa ( §t azalf2 4 ) .

1. 2Ca2r.di ac catheterisation

Cardiac <catheterisation is an invasive di af
information regarding the heartdéds function &
al so requiresrafeinsehef fanmXof a coronary a
whceih results in coronary angiograms. The <co
gui dance ofi nhhe théehlkeart viasardemnulna,0 whip
artery (drl owamiyn and RAsnacreWWllt2,) dprionviodrensatd eo:
abouhe severity of atherosclerotic | esions,
pressur ed,haftda mteaarss ve modal ities canetotalr.e,l i
2012Z)here are sebasabdl maethetderfor the diagnos

coronary flow reserve (CFR), fractiofnrade fl ov
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ratio (i FR) and quantitative flow ratio (QP
frequently utilised foheemodluaShioed REHED2 and c
Nonet hhelaesssan invasive procedur e, cardiac ca
caused by vascul ar access complications s u
pseudoaneuUTawakoldaD1l12)sevienre cases, stroke o
infraction may occur. Al thlheghj skt of sswohtk
associated -rwaltaht epdatfiaecnttor s such @Patetfealand
2024) .

1. 2CATA

Il nitially, coronary computed tomography (CCT
whi ch was dceotnepcutteedd vtio@Ma grraagpelhsy a(nd quanti fied
a coronary artery cal ciatm 202@2r)e (TQALHEHA GSC han
surrogate maker for detection and severity
assessment of CHD, -iavasewiveg deocectai mmnof the
stenoses and-dplmequse ,o ntahrl eye |l mages canabpve col
expoeuin @Ra@mui siMoroenotvteemens . gh sensitivity of
detecting sigrmitfeinmasns parbvohaularly valuabl e
artery disease (CAD)Ntpeartmeednitast ewiptirhetleoswr npr ob
reducing unnecessary invesia@lNpoeedefress ( Ot
presence of heavy cor onampot caarlncei ffa wachastciho no fctae

| eadletgo0r aded i mageev egrueadtiitmatainadn o(f e s ey adi.s s

209 Al t hough, It iI's worth noting that previ c
motion artefacts from CCTA i mages thrtooawgh de
pi xel generative adweer 2@2 2 pl net wor ks (Ren

1. 2Ecdlgo aphy

Echography wutilises ultrasound technol ogy wi
for the visualisation of the heartés structu
Conventional modal ities of e ¢ hnoocdaer da g r &4 who y
di me nasli oenc h o c a rCoinopgarreepdr t.iomagheg modal i ties s

ON



MRI and CT, echocardi ogr aphkeyf faelcltoi wse Haorrailgyosrits
devel opment of pbaonfidahred d u latnrda s oHlonwde vdeerv, i ciemnsa g ¢

guality is highlknawlpeddge,nga wineditale eads f act or s

as obesity and l ung di e¢as2l0.lppAs s encees(uletr
echocardi ography -oibss eswhkejrecvtarticabiintiegry and in
anal,yaséitsor s that | imi-tesosrceabwtviciristuppsaem i be

i nstitutes

1. 2EGGs
The ECG signal all ows the heartdés el ectrophy
it is widely applied to clinical medi ci ne, |

detection and treat menrtt @0 2Ppvwdradbll eC\ald (wHiar
ECG devices now enabl e continuous cardi ac
community e,nvfiaominlmetnati ng remdPercrgatiddl) . man
Moreover, such devices allow for I mproved ea
through <consistent l ongi tudi nal monitoring
Bear d, Cel se and.Dleslprnuree,he2®@®X5)r ementi oned
have notable | imit&CiGadms . noRorpreoxamnpel edi r ect

regagdicardi ac structur.e orn sceogrucenna rlyy , a reaCtGo niyi

appear nor mal i n pactareontasr ywi a rht esrisyp msicpi dastnhsy t d
asymptomatic or earl yetdiz®laflee sltiamietse d Neeviby i
ECGs is also accompwawar edbiwliitthy ,b aesled dtnreode p
technique, which introduces diagnostic uncer
1. 20p6t.i c al Il maging technol ogy

Optical I maging technol ogy such as optica
photoacoustic imaging (PAI) and fluorescenc
investigate cardiac morphology, bloodetftl ow d
al20Q24). The aforementioned techniquesmall ow
i maging capabilities a#ddvien schmea acd s ashdli ec
2024). Through-seapgti wmian-d iamelo s o reeal i mages, C

©)
I



for -rhegdl uti on of atherosclerotic pl aqgue, i
percutaneous coronRClysanditevaebobait ong stent

outcomes €Fuznpdamp)t.o This technigue is anal ogol

neamfrared (NIR) | ight rather than sound anct
it has struck thha 2809 e FEAUZ® O @ ; Retc hall .z,

201@. a result, hi ghobspaatrdeat | drreveso | tuit @ ommh @ rsac
of qgpulea mi crocalcificati onhBe arardeyahl d;mbRisatfior
al201MNo.net hel essmagiOCg i s an invasive proce.
intracoronary <catheter insertion asnkds csaunc he X |

as vasculCarsitdaiij =0 2Br, eetti. 2017 ) .

1. auses and risk factors of CVDs

As a multifactori al di sease, the manifestat
sever al mo di fmoalbIfe adbbnde momk AWMk orGa K Bedlrly
201WMat hers and Loncar, 2006) . Modi fiable ri:

actiavmumnyeal t hy diet, obesiltry authaimdsdmofrki,ianbgl eh arbi
factorsagdgdijcd ludgeircdahin,f emt yy hi st,di pbet edi snedé ¢ e
(ODMand/ or r erfdldhdekadgl2e ; €t naldyt , €t 220 10;
Ord%fez01l1let RmOt)hg

1. HM

DM is a NCD characterised by chronic hypergl
insulin secretion, impaired inseat iznd 2a3c)t.i cAns 0
an anabolic hor mone, i nsulin plays a key ro

|l i pids and pretei2a2Zd20) Pozaeyralkb ol i ¢ abnormal it

i mpact tissues including adipose tissue, ske
attributed to insulin resistance. DWictamout S
ungrgo further complications such as coma, ¢c
ketoac({DODkAgAPsezneytakda020Q). There aseft @b, maypet
di abetes mellitus (T1DM) and type 2 diabetes

(04 0)



T1DM is char acémédisetdedoydelstructhcehl| 9f whihc
results in the absolute deficieney &B2021insul i
Hal,lAd rk i nasnodn S ¢ h 2tOBWi5Sab et es UK, 1220 2ckoant r ast ,

characterised by heterogebe®luls pmoglies sseer ¢
often occurs after the presence of insulin 1
et 2023) . T2DM makes wup the vast maj ority
seri ohurselayt een heal th without totaletlZa®24).ogni
Whil e T1DM is often only accompanied by hyp
components of metabolic syndr ome, consistin
increase the risk of developing T2DM and/ or
dysregmum$ asuch as atherogenic dyslipidaemi a,
and hypertensti @@2QfFahed

1. i agnosis of DM

Di agnosi s of DM is frequently made tAHrcough
(HbAlc) plasma glucose |l evels oreff as®a n)g. pl ¢

Capturing these values allows a correlation
| evel and retinopathy -afnfd vVvaal ueis nf chre |l plsu d @s e
di agnose DMe(tNZal@gpmi-dfhfe wcaltues for the diag
depemagn t he diagnostic test wutilised (Tabl e

TablleDilagnosofifc pcouitnt s for the detection of D

UK, 2025b; Genuth et al., 2003).
Test Heal t hy Prediabetic Di abetic
FPG 100 mg/dL (!100125 mg/ d6. 95mmo 0126 mg/ dL (C
HbA1l <5. 7% 5.i76 . 4 % 06.5%

OGTT <140 mg/dL ( 140199 mg/ d1l1.(0.m@n 0200 mg/ dL (1

FPG: Fasting plasma glucose; HbAlc: glycated haemogl obin

FPG testing i s witdetlyeswtahdssetdaddahdweedrpro
FPG reflects glycaemic stAd us rads wl ts,i ntghies th
(S highly susctetmblbe ot @mgisxchadr tvariabil ity

on



behaviour s, stresg Kanwjtjoa 2/02i5§knéeber mor e, t
requirement for overnight fasbatprg E€6&dladesyg p
2011) . HbAlc however offers the significant
glucose over t-thoteiwb peri od. Therefore,- provi.

term glycaemic exposure wi(tSheuteanhded 1beéed f

Noneltds s, it has been not edhavhearib aHebl Aullecy cneeda s u
nogl ycaemic fachaesmi anahddirmgpaéa di sease, re
mi sclassificeatti 200EHe(rSrealtviand 12) . Considered t

sensitive diagnostic tool for DM, OGTT is fr
glucose toleranage dHdMervwar | vy OGIcTonis s mit m gne and
requires mul ti p(l Bo gbd eotoedd 02admphesef or e, has of
paired with poor patient(Boherabandtyuamidl ete

1. €&auses and ri sk factors of DM

Similarly to CVDs, reported caudsiam ran durhilslan
Al exandeAry 20 Fbnhegg8 ; 20 2Gas s astsead 13unlkdr al .,
202UrquhartX,i@a202@31 biol ogietal2a®s2e3x) ,( Yaingh bl
pressBuroewn(l ee, 200&A02Zhemnsi mithZa@) osamily his
oDM and datshesdrsleharitt B9 18; Gopal akrishnan and
Hemmi rk kB0 Q9 ;etlLiad 2 Q ; Nagar a0RQga bdudea®2 4;
Papazafireotp@dlldu=s3h&wda9; eWNamd )5 and &KbBhesinty (
et 2022; Manol opoul os, Xarpe and Frayn, 2010

1. Bpectroscopy forsdisease diagnoc

As power fui nwagdi vneonanal gt iwiadr atte commgihgausepect r
previ ousulsyefdbdeiesne as e diBadadasaldsl8; &tyra®kls5,;

Gabat 2022, Mat ousek a\nidc oSetsoor@0,2R20 b2dyvsky and
Lednew,, 2S0&thea004; &t oa®k07; Stone and) Mat ous

Through t he i nteraction of l'i ght, Vi br e
signdé&timrgeer print of the molasampae. bdhes cpt ¢
fingerprint i s characteri stiroctodorret lpahnydsia g |

oP



propeandesepresents changes dihadeaok&sgwucasas pca
compl ex biological samples such as bl ood, f|
spectroscopic signature compri ses function

endogenous constituentarbobhldepitaesi andaprir dte

Unl i ke, | abelled techniques such as fluoresc
signatures of subcellular phenomena, wi t hout
bi omarkers éCha@W2ahanryTherefore, can be wutil
novel bi omarkers, which are repretsezmdlait)i.ve
Ther efiobrrea,t ivon al spectr oscapefdort edcihsng agsuee sd eatr«
purposesetBzada@s Naseer, Ali ean@0Q@Qdgzi Sb2023¢t]
etl 2a020). The appmlriadatoincal hafpeshowacgpgat s uc
the detection of autoi mmune diseases includ

arthritis and eotstad®@&nNt, hrciadnicsaaN(2Wu.e tOlzd 1 4 ) |,
COVIID® (2ha@028ndeurodegenerative diseases s
di sease and Parkinsonés dHisresacshe a rPdarMearkteivma,i d
tubercul osti sad1B7a)r.on

1. 7Haln.d hsepedct r oscopy

Handhelpe& ct r obseccoapnye popul aml bewadsa@aseameasur e
sampl es i nlThtitee ifsi eelddv.aht sseeedlwingiseby rapid re
have-chahging effeces ERRane Kbaeg b BOR O Db ;
Synytesya@a024)addition, handhel dt sepecds e oomfet &p s
| i brfasoiresot i dentiaimpde asit igCoé b ed b eH o v2eD\V260r),
in extreme environment al conditions, whi ch

rel evantsi tmpl le ke @Ghtaantdihcedn ,d devi cesd perfor manc

be compromised. For exampl seuchnasr anomentua le
influence measurement gual ity and requires
(Mayet 2102 1Mh.er e (S al so S 0me argument t o
spectrometers are | ess robust to extreme ter

with calibrand omptsitad(iVaeitiygd @& ntevi ous wor k &

i denttifatenléebati ve relationship between brig

oz



effectiveness of ha(@dhebd 284 @dowedaevd,areks cl ot |
can be appliedsto Ramah ¢teei caféwemldcleld )o.f | i g

1. 7TA2t enuatedreftloadtbamad er t rnafnrsaf roer dn

spectroscopy

Attenuated toRadr ireerf |terca manfcar T Riprefcrtaroesdc o(p AT F
widely employed for the identification of b
semen, sweat and eutr 2 3(GMzdziek|l akhid Lednev,
research hasFTUItRIspedt AGRKRcopy for detecting
myel oid | eukaeetmi2a 2(3Del rAUlezhei meréts a0 s@lase (
anaemi a (etel raz2i@2,3) , | eukaemi a, t hal assemi e
myel odyspl astilcr esty tiadr2@npaes (Well as thecbkbrarel
(Sadta 2020 ) g dsetpc(ieuc B0 I GGol or ecteatl 200RenNng | ungs
(Lewitsz2a01Q) and prkoasntaastde LCo(nMaaag, 2009) .

ARFTIR spectroscopy refers to the study of
transmission of IR radiation ah@d o dédimssover
rangaptures a variety of vibratl.g2nglefereqen.

Tabl2 Xommonly r-EploRtedbA&@Ri ons and frequenc
|l R region (Jee, 2021).

Wavenumber (cm 1)  Vibration
36007 2500  O-H stretching

3400 N-H stretching

3000 C-H aromatic stretching

2900 C-H aliphatic stretching

18007 1650 C=O stretching

1740 Ester R-O-C=0

1715 Ketone C=0

1705 Carboxylic acid HO-
C=0

1650 Amide H2N-C=0

13007 1000 C-O stretching
180071 400 Forest of vibrations
(fingerprint region)

oT



To determine the energy associated with el ec
is refandedggests that photon energy is dire
(Equalt 1on

Equat tl.onPllanckés equation (Jee, 2021).

O ® EO
o —
Wherki,s the energy,

his representative of Planckéds constant,

is the frequency,

cis the speeddmdifs,l ight 3 x 10

andis the wavelength of |l ight (Jee, 2021).
When at room temperature, molecules are comn
and | owest vibr-BTfiRnaaddisataten, AWRth the appr
resonant absorption to occur and excites th
Thei brational dmrianngrbdoaoe a&haadbsorption spec
of sampdfe i nterest. Factors such as the numl
associated wanén utndbegire,n gt h (intensity) and
charactteai $hiec sampl e and ar e empl oyed for

purposese(DaRAZ23e Jee, 2021).

When excited, mol ecul es undergo one of t wo
vi brations (changes in bond | ength) and benct
(Mokari, Guo andrBdckliona] |l ¥02BR. spectra wer
percentage t MMN s migtatt amasdce wa adrewembe2Z021) . Ho w
spectra are now being reported as a plot of
absorption of | ight by a molecule is referre
bet ween trianntsemistitteyd o f Il i ght to the inciden

oYy



sampl e) , i's known as transmittance (Jee, 20

Beerds Law is emMmpRbyed (Equation

Equat 2onBeler 6s Law.

O i'l'% ™ A

WherAd,efers to the absorbance,
cis the molar concentration (mol /L),

lis representative of the path I ength (m) of

To <calculate the absorbance, the 1 og of t h
(Equalt B3on

Equat B.onAblsor bance.
o 11T€=11¢ 1 1°C ¢ O ET®

WherApr,efers to the absorbance,
li's representative of the path I ength (m) of
Ti s the transmittance,

and T% is the transmittance percentage (Jee,

For this work, t h-ETIARI st patt dbdtaerATRnd t he
ATHETI R Sspectrometer wer-eETI Rt i spsedromAs erhs
aforementioned deviceasnditsd mpleed nadreeg fperroanen te
detector to ensure heat effaeecedupéddpuyced2by.

The spectrometer | ocks into the mirror osci |

(0N )



signal filtering (associated with Fourier t
determine the preferreldlysampee, pp8R1L)on (Fig

IR light source

Oscillating mirror A

M Reference/sample
- =
IRIRIRIRR ™
e, B Fol
111 (NN S : t I)
il p o
ARARERANN Beam splitter! _|

Detector
C||E
—— 1
Stationary mirror
M

Figutkeagout -FOTfl FATRp e c(tIreceme.t2eBrR § ywet aspdr mi s si
from The Pharmaceut iE2a0RPhragsmsa.ceQaopymi ghPtr es s

rights reserved.

Il n cases wehaesmbeenr st to oscillate al ong
travelled by beam (B + D) vari es, whil e the
unchanged. When distances (B + D and C + E)
and recombinat iuoent iivse f(ulleley, c200n2stipry e 83Vhe owanr d s
the splitter beam, beam D arrives before bea
f wclonstructive and beam F&6s intensity is re

mirrids Mewdm cause beam Dwawe baehcearmke aaaf hbad am

resul t, the recombination is f ublelcyo nmbesrsa r uct
Finally, theaiinso vreemeenrts eodf pvastpaihret .oscil |l ati o
During the movement of the mirror i n a singl
a single wavelength of |light varies. The pro

procedure referred to as a Fouri er ntgr anhsef or 1

i ght intensity versus wavelength (wavenumb

MM



reference or sample is present in the beam
backgr olasnpde cotrr um. Thi s measurement is stored
transmittance/ absorbance measurements (Jee,
greater light collection and throughput in c
al | waveleenogotshesr verd within a single scan si

interferometer ensures | ower noise and great

As theETATRR I ight hits the sample of interest
the sense of a mirror reflection, whereby 1t
refl ectance and is often referred tolwsngpec
ATRi f a | ight arrives at an appropriate art

medi a/ materials and with appdoprinanedthettead:t

to the first medi um. This reflection is re
reflectance occurs i f the I ight beam has sam
wave (light i mpeding on the medi um) provi de
absorption properties. The reflected beam ha
i serefed to as the ATR and provides the inten

(Jee, 2021).

1. 7NISBR pectroscopy

NI R spectroscopy captures overtones and comb

(L2200 4000 Ytm(Ozaki, Awa ab)d IAsshi&kmawe) etOr2o
vi brational spectirtoss cwmii q¢u et eich 1 Rq mapnadr | Raama nt
spectro€bapgcteristic overtones and combi n;
transitions under the harmonic oscillator aj
equal spacing, transitions occur at the sam
205 . However, bands originating from el eci

i brational overtones and c ogntbii maltli yo n wenald.e

v
combination of weak transitions and NI RG6s ab
solid samples, aldewsructivael aabl gsmanswhuch
(

Ozaki, Awa and IPsaatsigudwmd, 2028 23VYitorino

The NIR region is split inf5®@08%h0@¢dxmtReoEicorme
| 15085500 tmand Re@i0o®A000 't MGOzaki, Awa and |

MN



208 . Bands observed in Region | are derive

transitions, higher overtones (third overton
under this region are particularly weak, h e
|l evelamdpdrency. Bands seen in Region I 1 ari

stretching vibrations and combination modes.
of permeability due to the occurrence of rel
ther$t overtone (Ozakib .Awd tahnd Itshhei kNalwRa ,r e2g
absorbed bet ween0oQhet 2r5e gh@ns6 000 1¢(7T@hoqeet t e
al2006) .

The potenti al energy curve of a simple diat
Figure 1.2. The potenti al energy cAWYve bf a
i s seen=4al8 =f ozr the firdYy vovfeddt onlkee asnnegcond oV

(Ozaki, Awa an® .1l shi kawa, 202
©
~ 7y é Hon
c /
o 'y /él‘Oﬂ
o P
o 3 /el'oﬂ

\/ém

Il nternucl e

Figuke Potenti al energy <curve for aFisgiumpel e
adapted Of aloim, Awa an@o3l wiht kk awe rfri e i drhe
Phar maceRurteis€sapyr EglRtORBar maceut i cadK. PrAdds r i ¢

reserved.
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The all owed energy |l evels for an anhar monic

foll owing equation:

Equat sonAnlhar monic oscillator energy | evel s.

O 0 MW v M Nw

Wherha,s Pl anckds constant,

vis the vibrational quantum number,

fi s the equilibrium frequency of oscillation
Xxi s the anharmonicity consta®t. (Ozaki, Awa a
Through the application of Equation 1.4, it
bet ween energy |l evels of wbbeoatiEdual i guanit &

al so demonstrates vYamedilcitgahhteer av aslmad g wiyrf | ev e

vt). The vibrational gquantum number can vary
oscillator, the seleqgu=i Nd, r N2e iiN8éas htokfon
i ncl wovihbvogzVovy3VvivzanS8 0 0N, can take place (Blind

transitions that occur are referred to as t
overtone, second overtone, etc., and are <co
overtonest( RORWBt)i.n Due to the anharmonicity
smalxl< ©.05), the spectroscopic transitions t
suchf asgéf( ®zaki, Awa an%. | shi kawa, 202

Equatibon EdAergy differences bet ween energy |

numbers v and v+1.

no



30 o Q (X p

Wherhea,s Pl anckdés constant,

vis the vibrational quantum number,

fi s the equilibrium frequency of oscillation
Xxi s the anharmonicity consta®t. (Ozaki, Awa a
Pol yatomic molecules may undergo several sim
more vibrational modes, the sum of which wil
(Ozaki, Awa andb) | siCiohaswa ,ue2t012y, we ak bands
combinationabanoscari sséen two vibrations i nyv

bands connected via multip(B8ethe@rabdbkkhbhonds

2022). As transition probabilities fo% overt
1) in comparison to fundament al frequenci e
(Ozaki, Awa ané) .|l stharkcaeva,t ReD2name for bi dden
probability of occurrence is |l ow. Further mor

be attri butoerddetro olvieghosombe sxaandn cbands appea
shorter wavelength region §) Oz alkein,c eAwat han ds hlos
wavelength, the weaker the NIR band becomes
bands to be broad amwmd hemds oivrer p a@x iwmit thy . T
applicat-poncesspng and chemometrics to NIR ¢
many caspsocegeing al gomultthinpsl i<cwmdh vas scatt e
MSGCandleri vat (Dvleordberei vat (DWeartewoe mpl oyew and
separation of NIR bands (Rinnan, Berg and Er

are visualised thromadhicrhe moenert miMtg)saulrcghor i t h
aprincipal compPoOpamee-ahgbhypsssBOMmaps (

NI'R spectra can be colTectadkfbRrimhinnewmdt k a |
empl oy®erkhaeaEl mer SpedtRr Bmekwa oNneRTer ( Per ki nt
MA) , whi ch was neagunifprpaerde dwinRdtl dlhe NI RM al | owed
collection of diffusdestredtiecdlan,t awlsipam tgpeanrtn
use of compl i mentary techniqgues such as Ra

mnn



refl ected radiation refers to the radiation
and has wundergone multiple reflections withi
2023). After wvarious characteristic ladrsorpt.i

remerge (Figure 1.3).

Specul |l mpinging
Il ncident w
refl e

Di ffuse

Finger ¥ Finger

FiguBe Mode of measurement of specular versu:

Il n the case of reflectance NIR spectroscopy,
sample is measured (Hapke, 2017). Reflectanc
intensity of radiation Ieftloedthed imy etnfse t ya moy
i mpi ngi h)d Eqmu aitti oln 1.6) (Ozaki),. Awa and | shi k

Equat bbonCall.cul ati on of reflectance.

WherRi,s refl ectance,
ki s the intensity of radiation

bi s the intensity of the impingin® .radiation

np



Dahm and Dahm (2021) described, téegdgthledotir iyg o

the radiation pathway is dependent on sever
and sample composition. Thus, emitted radiat
the samplebs physical state. As the textaoct p
deter mi ne, there is currently no satisfact

reflectance (Dahm and Dahm, 2Muhk) .t hNéomret hpeloe
an appmwmaotxi on for the measurement of NIR refl e
and | shi kBawa, 202

Equat iz.onT hle KMuubnekl ktaheory for the approxi mat.i

measurement s.

2

—

cY

WherfegR s the -Muhbef kacti on,
Rai' s the absolute reflectance,
ki s the sampleds absorption coefficient,

sis the scattering coeffici®nt (Ozaki, Awa a

As defi ned -Lbaynmbtehret Beaew, t he absorption coeffi
and then multiplied by the conce5t Mateirerd o(f @z

this function is related to concentration th

nz



Equat BonAslsoci ation between coMocekttaeiooy. an

QY T

Wherfe@R s the -Muhlbef kmacti on,
-is the absorption coefficient equal to abso
Cis concentration,

sis the scattering coeffici®nt (Ozaki, Awa a

At a microvessel |l evel, variati on in the N |
di fferentiate between heal téty 2aldn2d3 )u.n hGvael rt hrye c

year s, NI'R spectroscopy has shown the succe:
(Hoek ®996; Paras kz201a8)d,i bowel di sease (Behd
Pakdel, 2024)et [@BWOH4Pi cMolheatmnalbli Mont egtneal .

2018¢heuerfAraenenst one, 2003) and pudtmoz0a0rly) di s
using cémoehlr alndbti ssue oxygenation, bl ood pl
gl ucose | evelesnercgayr dpi haocs phhiagthe met abol i tes an:

respectivel y.

1. 7Rdman spectroscopy

Raman spectroscopy is a power ful anal ytical
bi ol ogical matrices such as bl oodt, 20 In7g;er na
Hardy 2a022; Kourko@athé Bi s Motr ¢silrlaf) . The poten
this vibrational spectroscopic technique ar.
changes at a molecul ar | evel

Governed by Planckds equation, Raman spectr

which occurs when photons are excited by a n
sampMenochr omati c radiati on i s ei ther abso

Scattered radiation refers to numerous phot

nT



the incident radiation frequency and is ref
Scattered radiation passes into the spectrol
Rayl eigh | ine at an useto daldfli9ed Tfhruesqg u et rhcey e(nJeo
scattered photon is equal to the incident ph
|l rradiation of a molecule via monochromatic
be observed in Figure 1. 4. When radiation i
process that occurs is represerRtyatiRadiodt iamn
from a | ess energetic source metahnes rtt hatl maolac
and are representative of a distortion of t
present within the molecule (Assi, 2023). Fr
relax to its original ground helteadithreo ng &amest a
frequency as the incident radiation and rep
2023) .
v =
S, v =
v =
Virtual
Virtual A
e g | | v =
S, — — . . ' v = 1
o 1 N
A B C D
Figurde Jdabl onski energy | evel diagram il l us
representative of absorption processes and

el ectr

onic tr-aadi atomewdéebapnwofheat) or radia

ny



B represents Rayleigh scattering; C, -shows
Stokes Raman oi sanhbetsbngl eBsgrbenldowésatesi §¢g
state and v is the vibrational energy | evel:

Fi gwrseewdi th permi ssion from The Ph&r2M®ceutic

Phar maceutical Press, UK. Al I rioghts reserve
Il n contrast, during collisions a smal/l amou
sampl et hainrsd referred to as an i meleaabi cf oaarsl.i

AnSt oke Raman scattering occurs whee @ame pho
theegegyw i s réducewi tlo | onger wavelengths (Ass]
Raman scattering arises when t hepép hamtdo nt htea k

energy i s MQncrenistehd sthoort er waeviela8 1) hs Hehac ee

the scattered photonés energy is | ocwer than
Raman shift, afnodr m tas cihnatreancstietryi sti ¢ Raman sp
Stoke Raman scattering is the consequence of

the sample during g¥éboke Ramae,sowaitlter Angii s

interacti pmoben#wbeampl e in the excited state
Stokes |Iines are often | ess intense than Stc
from higher vibrational energy |l evels, which

by the Boltzmanin, d2RRSBS dluyebBIqG;As8020) .

As a surface technique, conventional Raman
spectr al data from inside the sampl e. Spati
addresses this |Iimitation by allowing for de
|l eveAssi, 2023) SORS all ows Raman spectra to
spatially offset by varying degrees from th
Thus, the arrayed spectra contain different

bothhe tsur face and <SAwsb g thref &cod |lexcyt@aromn. poi nt mo
probe | aunch, the contrsibomi ohethepspaygter udi
faster rate than from the deeper | ayers. Thi
photons migrating |l aterally before being emi
of Raman signal 6s r ednmtt ilvey eron.t eZdg tfhre ns pa tfif;
from the random properties of the photon mi

undergo a Orandom walThé wbtheonteétheRamapl si g

no



contains a relatively | arge signal contri but

the highest pr olbeilpdcoattoend daeen gihtey t op | ayer of
increasing the sample dept h, the intensity
becomes progressively diluted via the photon
from the deeper fayeéheyr dndetgoas hence th
photons is | ow. Furthermore, the phohens ge
sample, are |l ess |ikely to migrate to the poc

photons generated at the surface or near th
return to the probe beam. By coll ectricmmmg Ramze
the probe beam incidence, the probe Il ight 1in

along the samplebds depth.

Raman st g

| + lLaser b

e= 0
Top | ay & 1is varied
N
\
/ \ Deeper
Figube PIr.i nsORSabbusek et al ., 2005)

The resulting Raman spectra contains both th

and the content, which are then sepeatr agled, v
2005) . Hence-pr aki lai ndge pttehchni que, SORS grant
chemically analyse subsurfacepdaqaqyerasnofpawda

materials (Parker, 2017).
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1. 7Chemomedand cMachine Learning

While the application of chemometrics is rel
i mpact on the field of spectroscopy (Dang an
chemometrics software is now ofteni eaantdegr at
process instrumentation. The emergence of ¢
factoli)asstrumgntivmnigonvari astdairriegp sl e anal
(2)ncreasing availability of computers (Gel act
statistics are no | onger sufficient i n the

experiments.

Chemometef esha ouse of mat hemati cal and stat
rel evant chemi cal i nformation and correl ate
with anal.¥yhecabmbbanati on of spectroscopy wit

classification and regressiopemébhmdsagal r aws

no-destructi ve anal ysi s (Biancolillo and M
chemometrics alil ower metdiuonndatmé be reduced fr
all owingefodatgaeatability, understanding an
useful information (Geladi, 2003).

Chemometrics can be supervised, whereby dat

training data, wotdatuas ameeliwgsdd,r med on dat a
prior c¢class | abelling (Lima and Bar bosa, 20
include de¢(DF)bogitsekes regress{BRNAL@EYQqr tr and
vector machi aheani SavnMl) KeAblrogg, 2021). Whil e wur
comprise the | ikes of correl atPiCdAn and B&OWs N
(GaliPndet oAl 35

Supervised and unsupervised chemometrics can

no-hi near apprgpraicmies arfdAl IOl i vieri, 2022) . Li
hierarchi cal cluster analysis (HCA), PCA, pr
parti al | east sqguares eegh@2@8) onWli ®iLiCSRes arSc a
met hods include artificial neural networ ks (
Bl onder, 2020) . Linear datasets are visuali:
(errors) idregnomanda@am behaviour ( Rocha, Prado

contradtnemondata refers to data that shows
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shapes, with residuals demonstratingt aalgreat

204 . Successful application of spectroscopy
shown in the fields of aquaphotomics, forens
Marini, 2018; Sauzier, BronsewiZa®kl8&)nd Lewi s,

CWS matches the correlation coefficient (r)
reference spectrum (B) through the calcul at
spectra A and B (eBgq@a@22iQ9n 1.9) (Assi

Equat B.onCoalr.r el ation coefficient based on mom

Bo olo o
Bo ol B6 6

p—

Wheriei, s the correlation coefficient val ue <co
product,

0is the test spectrum of A,

0is the reference spectrum B (aBwrderiest otnh,e 2a0vOe6r

Rvalued dfemonstrate completely di svsailmuielsar

represent Il denti cal spectra. Sample noise a
obtaini ngawdoetdli f fticeadeftdqimresdol d of O 0.95 i
mat ¢Brereton, 2006) .

PCA is often wutilised to aomadlysthenut ¢ dudc tmeaoi
or i gmatarli x6s di mensionality into t(wgqusaubesmpac
1.10) (Jolliffe and Cadi ma, 2016) . Scores de
all ow the identification of <clusters and pat
significant spectral bands, whichophemidal i
properties (Vieira, 2012) . PCs are a linear

caxlul ated/ ordered based on si zhee (fliorldti fdiemem

(PCl) pewpidenability for the highest wvarian

o
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the second highest wvariance, stthhee tthhiirrdd dhiinge

variance and so oné (Camargo, 2022).

EquatilOn PLCA equation.

» YD N

Wherdei,s the original data matrix (m x P),
Yis representative of the scores (m x n),

Orepresents the |l oading (n x p) and is repre
and Cadima, 2016) .

PCA model s arien atsesrensss edf type | and || err
negatives) occur when scosa&mseoffiot hel samer € d 3
While type |1 errors (false positives) occur
set ofwstdbhfésrent characB@R2PEXAIi ¢s (Assi nely
with vibrational spectroscopic methods and
Al zhei mer Oasn dd itsuebaesrec ul osi s, as well as cancé
prosetan derh oesth 2019 ; Medi AR0Dy edWl a8 BY)g nagt
al2021) .

SOMs <compl i ment PCA, with theinraabidlaittay itho
di mensi ons (Kohonen andetSoZlelrmuro,e XODMRI; e , Saf@
were paired with PCA al onugzsziyd es uoptphoerrt MLeAcst osru
the diagnosis ef EODM}{MNe dwesrh,i SOMs can det e
features without awareness of estpe&lD28). cl a

Composed of organispadduaeer anss,i mMOMr ity map

Therefore, neurondearre ncedmngrhebotuerds ttcdhr ough t orp
and eachihnaesu rdondensi onal weight vector (Equa
Bhatia and Ahlakwat, 2014; Yang and Pal ani sw
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EquatiladnWegight vector.

w o hh 8o

Where, W is the weight,
and s 1, 2,¢é (Chaudhary, Bhatia and Ahl akwat,

The conventional SOMan emgpphanged| goroulgm t hr e
first stsamiitnal ude ng t e wdrnxmygiheal rveercst.orAn wi n
vecko¢ity trlmemmdomly selected and inputted to al
in parallel. FinalbgenthéiwdnpEgqganheonon

Equatiad@nilitdentification of the winning neuror

tO

Whercé, s the winning neuron,
| |i.s] [t he Euclidean distance measur e,

x(andi( tay e the input and weiighti vé€haudbéaryhe
Bhatia and Ahlakwat, 2014).

The weight vector of thEqonaturonsli $3)Jhen upd
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Equatil8nUpdating of weight vector.

Wher®,0i s Gaussian nei g H®hoauu dhhoaordy ,f uBnhcattiioan and
2014) .

The Gaussian nesi ghhbeonurchaolocdul ated (Equation 1

Equatildn GhRussian neighbourhood.
7, 1 LA | E l
QHO wo Q&@D—b

Wherres the coordinate position of the neuron
a(itg the | earning rate,

,0i s the width of Chaughhoyr Bhdiua and Ahl al

The(tnd(t both decrease monotonically using

respectively.

Equatidlén Mbnotonical decrease of a(t).
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e
o
Ex
=
2l
=1
H

WherTd,s the training | ength,
and(ity the |l earning rate (Chaudhary, Bhati a

Equatilén MbnotonicaJlJ(tdecrease of

WherTda,s the training | ength,
ang(t) the | e(aChnaiundgh arrayt,e Bhati a and Ahl akwat,

Pr-erocessing algorithms <can improve the que
Common al gor i M®&@sst anndcalrudd enor ma,l Dlara mdi&BCy SNV
i s commonly employsedatoemi (n@hetic®B@@Lht Throug
the production opdal ianemaw coprebatnraumon of the o
of fset of dosaotrtresfceqgbuda i igdn 1. 17)
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Equatilo/n Mu.l ti variate scatter correlation e
2016) .

Wherygsci 8 the corrected spectrum value,

yii s the original spectrum value,
ai s the intercept of the I ine,
anbdis the slope of the | ine.

I n this respeci adeashedpeotrnfum the mean spe
possi bl e. Thusareal celsataedndi &@ t he mean spec

that the same amansédormadi ont cto test sampl e

SNV is another transformation appl isepde cttor as p e
is performed via subtracting each spectrum I
standard devi a418pn(B&gnmneas,j obhanoa and Lister

Equatil&n S¥*andard nor mal Vv &Brair antees , t rDahmasnfooar naantd
198.9)
(L) r
[
Wherece,s the mean spectral value over compl et e
s is the standard deviation of the spectral
wis the spectral ivalue at wavelength
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Unl i ke, MSC transformations, whi ch require
transformations ensure that corrected spectr

specAdditionally, D1 or D2 can be applied to

correction of oDX sredsemvoab nlsad aenlti rod .f sest hewhi | €
of fset and a |Iinear term (RDwmiamg Blirg amppml iE
secoonrdder polynomial is fitusdntgolOhedadat @ob:

befe and five after the pmiengtuiTaha dwhp rcdic etshse
repeat ed haecrwhsosl e spectrum, with one ©Hata poi
removes the offset compl Saelsy Iz agfatf @hotd igm otnhiea |1
is fitted in a symmetric window of oftthee r aw
derivative ati(3awi tczlnt r&eangdpoGamitay, 1964) .

1. &canning electron microscopy ( S

Il n practice, SEM is widely employed to obser
An el ectron beam of relatively | ow energy (f
size (~5) is scanned acr osest taAdel 8§s a Kpulmeads <KW0Or

During the penetration and passage of el ectr
in the emission of el ectrons and photons f
interactions include elastic and ithel astsiud t

primary electrons deflecting upon contact

el ectrons of comparedabla®d lg@ner Ay (¢ Met aleiftb ect i
el ectrons occur at an angle of > ®0Acttribays,a
which are often employed for sample imaging.
when | ow energy secondary electrons are emi
been bombarded with the primary beam el ectro
Through the expeorseurrgey oefl exctkFow beam, i nform
sampleds chemistry, composition, crystallogr
of grains and topographya®&) coMdrecd edSHKEMKkihg
val uabl e tool for materi al and sample charac

To determine the el ementanerc@ynpaoiss pmeDXHiEvod X6 ¢
spectroscopy is often ueti [20sle7d) .wiDuhriinn gS BM e(

with the electron beam in typical SEM, the s

PY



charact eraiysstwhci cXh are differenwtieamtisdi 6bnompe
(Gol deteida®0.I)he-ry is the resul't o f the pri
interaction, with the seam@lOd7agtomh@& mudcImair y(
beam excites the electrons present within tt
from the nucleus and create an electron hol e
wi || replace the missingse|jretedses eche onupe
ray The emiatyt ecdonX i srtasy ocfonan nX um, which i s ¢

deceleration of the elecayonThingd @ahraarlyaaitsscrtie

created as a result of the outer shel]l el ect
shell eMumanizbp . El ectronic transitions are
el ement , therefore are highly beneficial fo

(Gi r«o, Caputo and Ferro, 2017).

1. 9Fi ngernail s
The use of fingernails as an alternative bi
recognised in fields such as forensic scien

(Baumgartner, 2014, L e ee ta rixd) HA3Niplnedn 2RDR12;;, Wi
Wil dn2ad22A%.a biol ofbgicgéofmmadanr sxeveral advant

to structure, bi ochemical properti éosasedd pr
samples suc@Gonmapsoskai rprimarily of kecani n, 1
i ncomrgiieochemi cal I nformation over ext eanded
2017). However, fingernails offer greater st

contaminationshafFpor i sxédmplosedtlty cosmetic

including bleaching agent s, dyes, shampoos
al titers chemical composition a@Baumgarteee, w2a
Whereas, fingernails are | ess commonly subje
| ower | evels of environment al and/ or cosmet.
signature is Wwal bhdomatnoainédngernails often

consistent growt h hragtBeeltii 2 I2)d, mplaus s oal It @w f or

integration of systemic biochemical <changes

Fingernails provide protection to the phala
scratchinget( Babdwan They al so possess the ab
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endogenous constituents, trace el ements/ heayv
retrospective record of compliance or expos.
di sease over extendedetpeal loXdest LdA0 2t5i; med/it (| Marmi
al2023 Wielts @@ 23.b

I n forensic toxcacmprmgsheomViamge@EDAI It he detecti

chronic drug use, offering an alternative to
or urin@ol(gLeoboRaessransad Lendoiro, 2024). Duri
the nail bed and ger mi nal maorithe drnuwmger aancé
all owi rRgmofnadarhs3 retrospectpeivberadléceoml ( Cap
2015). The extended detection windowrofcefsi ng
i s advantageous in several applications suc
especially in drug rehabilitation programs,
posntortem anal yses. Fingernails have alugo bee
exposure in cases of dru0dy sWirkdbadd0@ddh ( Wil

Wil ®dn2032 Beyond toxicology, fingernails ca

for the detection of di sease by combining

fnigernai |, shameé oand biochemical -imovmpao sviet inoant.r
fingernails can be wutilised for monitoring o
Potenti al bi ol ogi cali nagndv ae x tagll sees|l icoainn® e m o @
composition ahdfshgeldadddsicongi deectr al ana
i nter prFreitrasttiloyo,t aognel y i nfluences fingernail

composi(tAilldoruestk e 8D 2.4) Ageing has been <cl osel
changes in keratin structure, as wel(laias var
Cheong and Mc)Gr a€Cdl, | e2c0tOi9v el vy, the aforement
i ncorporation of endogenous-indngstdbouaknivar aa
fingernail spectr a. Di et represents another

mi nerals from tdédei ibd oopgent ateadn iamt o the( fii nge

et anzas5) . As a r esullto# gfrimn gkeirentaarly rpedtlteecrtn s
nutritional status. Ethnicity can further S
genetic and cul tur al influences, including

shown that the concentirmdli wdi nogf ctarlaccieu me | aennde
vari ed acrossangdopuwifdteicaresd (@benaatag 2aB2AD) t s
Mor eofviertwloek i ndicated that et mroirg hdad flodge/r e nc
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growth radppetiaddale properties includi Hpkkpectr
et 2a023harg 2012) . Finally, cosmetic fingern
polish or acrylic overl ays, can introduce e;:
prope(tt p€gpez, Vaz -Rni&zO@drkEdat casn tmaerfere

measurements and alter the fingernail ds spec
1. 9Filngernai |l structure

The human fingernail unit 1s compri(slle of f
proxi mal nai Bf)ifrod edr n(aRifBi) mater inxai(l4h)yoeanywaildi um
(Figue) e Coll ectively, the aforementioned st
which is a flat, keratinised structure that
(Baswanad7t ,De Ber ker and Bar @dn, CeO07s; pHaenseeknet
fingernail plate are closely packed and | ay
pl ane.

A

s Proximal nail fold

/

Lunula - matrix

Lateral nail fold

Nail plate

Onychocorneal band

B Proximal nail
fold

Nail plate

Cuticle

Hyponychium

) Digit pulp
/

Nail matrix
Nail bed

Figube (la) Pl ane and (b) sagittal Vi ewpoints
Used with permission frofl Elesensit emr.da@opAldil gh
reserved.
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The wesdhaeoped fold of skin that surrounds the
as the PNF. This section of thf€ourndgeohat hec

fingernail |l ength. The | ateral fold ysran ex
of epider mi s. The first | ayer, the dorsal I
epider mi s, while the ventral | eaty ex07)f ,0o r Tmtse t h
outermost | ayer of epidermis, t hfeorsms ada utmhica
keratinous rim, also known as the cuticle. THh
and alongside the PNF and | ater al fol ds, pr
toxins and water. I n cases where theoasgticle
can occur (Dawber, De Berker and Baran, 2001
Directly beneath the PNF | ies a smal.l sectic
This area is referred to as the fingernail m

the fidggleatnai (Btasawdadn, The epithelium of the
split into ¢ bpreoex icneacetdiican(s3dinst al (Haneke, 20

fingernail matrix is primarily covered by th
beneath the Jlunul a. The pigment atcieonanaf itsh
determined through the concentration of me |
(Singal and Bisherwal, 2020). Wi thout aesthe
index and middle finger and thumb (Haneke, 2
On avetrlmgefi ngernail plate is comprised of 1

into three tight(lldobga&hdt €éamedEavtetnhlaymdr s
De Berker, Mawhi nney and Svil and, 1996). Tt
hree | ayers i n a rett iB9 909f) .3 :A%s: 2 h(eK oobua years hlia

~ A~

cbsa primaryf bangaeirlerperomeati on. Small wvari at

a
constituent content has been noted béeween
S

ul fhydryl groups are predominant in the dor
i s prevalent in the intermediate plate (Dawtk
the dorsal pl ate, possess thickened plasma n
demonstrated via a | ack of eac @7 ph Oxnp it ehtee oa &
hand, the intermediate | ayer has some eosi no
The three | ayers of the fingernail pluate ar
spots and interdigitations. Wi thin the inter
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filaments are aligned well and oriented in
are perpendicular to the axis of nail growth
|l ayers are packed and overlapping, WiOt h no
Farren, Shayl er and Eentnoad012)0.04TheMcKiingei i &
strength | ends itself to the close alignment
of disul-fiidkes ca®ossci ated with high &990¢i ne

The fingernacoér betli ed apnohelium surface and
and sebaceous glands (Haneke, 2017) . The be
extending from the fingernai/l matrix to th
f i nngaeirl contributes cell | ayers to the ventr
referred to as the ventral matrix anedt iasl .c,on
207 . Her e, l iving cells are keratinised an
(keratinocytes). The pink colour associated

rich vascular supply, aleoemdisng®, cwhipulbcdrs mr
for senditghti,tpressure and touch (Dawber, B e
Located at the end of the fingernail bed, 1
protective function in collaboratiorttalthe

207 . Showing a broad granular | ayer, the hyrg
bed (Haneke, 2017).

1. 9Bi2ol ogi cal composition of fingernai
The biochemical composition of fingernail s
ami no acids, i pi ds, proteins and trace el

fingernails a hard asnudppdrggpidod ¢ictuscy e@r mec hamni

Changes in the biochemical composition of

nutritional status, presence of disease and
1.9. 2Athino acids in fingernails

The biochemical composition of fi nlkerrmaiilns i

in whichciysteiabk,-¢c antsalil ppihrug ami neot &dd, ( Bas
Cysteine is imperative for t5¢ bDet matnorkeot

stradtte. covaltnhksrase | mperative for mai n

20



structur al I ntegrity. Ot her amino acids pre:
cystine, glutamic acid, glycine, isoleucine,

serine, tryptophan and tyrosine (Brz-zka and

1.9.2LRpids in fingernails

I n addition to amino acids, a small amount
fingernail (Maeda and | washita, 2022) . For
corneum is approximately 10%, whiletthefansge

0.-1% (Baewaa07d, While it was previously sugc¢

rate of water | oss was influenced by the ex"
now indicated that the | ipid pathwayhein th
fingernail plate is insignificant (Baden, 19
1.9. 2PBoteins in fingernails

Whil e there are three main classes of protei
fingernail pl ate is comprised of a fibrous |
contain a high | evel of sul phur. Pol vapepti d
curl ed helicallikepafbnpbaywirdes ifdleeat ed btonf orn

keratin)et Bma®&wanl n hikmamg, ns are the pri mar
fingernails and hair, as well asethmQépi der m
Whil e in ot hbekrermatmmalnsa, ke up hooves, &brns a
al2Q12). Twdlikteymas nofexi sts, the fUkerabeéenng

which is derived embryologically frothi epith
keratinkeHaartd n is the main constituent for
inclddingernails and contains microfibrils,
contrabikersaoin is the main componentued, t he
therefore possess | oosely packed bundles of
epithelial cells with mechanical resilience
80: 20 is seen in fingUkenraatlisn,f orre shpaetcdt a&vred y s
1986) .

Keratin proteins are assemhbeadedshebi tcal wbe
chains ( mMonomer s) ardandecdctedi i nt(adi merl)ef(]
Kol odziejski, 2017) . The coil s are then st

di sul phiidek crlbstsween resi dues of cysteine.
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protofil aments and protofi bs(Hsl)s ,h ( Bfaorra®iQry,g i nt
Wangt 2016Fs. ate | ow in sulphur, while kerat.
found surr odkrediang nt heare high - gr emi @thaiirnsan

(Brz-zka and Kolodziejski, 2017).

192 . Irace el ements in fingernails

Sever al mi nerals are found in the fingernail
calcium (Ca), chlorine (Cl), copper (Cu), I
silicon (Si) and zinc (Zn) (Brz-zka and Kol
exposure can influence the | evel eat 2@hQc¢ch tr
Nowak and Chmielnicka, 2000; Sukumar , 2006)
bi ol ogi cal sex influences the el emental C ol
finger emai Ifg otmaknal es showed | ower | evels of

|l evel s of Na, Mg and K than females (Rodushk

and Banerjee (2008) also suggested thsat fin
demonstrated hi gher sul phur content t han
nitrogen/ sul phur rati o. Nonet hel edsuyl phuri s

activity does not mean a greater number of Kk

1. 9A3window into systemic disease

Subtle fingernail abnormalities can provide
di seases (Singal and Aror a, 2015) . Changes
fingernails act as indicators for systemic |

can gauiiadgenosi s and management of disease ( Gol

often being ovaira yo opkreadc tiinc edseaysaf wm el onva iolf s da s |

for cardiac, gastrointestinal and hepati c,
di sorder s.
Generally, the manifestation of sysbewes il

in the finger nmivlesplaatee.r efTlreegedgn o as Beaubs

a temporary reduction in the fingernai/l mat r
cases of prolonged systemic upset, compl ete
Nonet hel ess, hdddigreg nainll y s fol |l ows when t he
(onychomadesis) (Gollins and Berker, 2021).
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1.9. 3C4ardi ac di sorder s

The presence of bacteri al endocarditi s, a s
(endocardi um), has previously been detected
haemorr hages. Splinter haemorr hages, red, p
smalinear subungual structures at the distal
Berker, 2021). The appearance of such defec
and pl atel et mi crot hr ombi within t he fin
haemor rlhawywe sal so been associated with vascul
(Fanning, Aronson and Osl er, 1977, Yoshi da e
bacteri al endocarditis include Oslero6s node
describedraed nheddeérs, that develop in the f
l ater al fingernail fol dst emwdherd enddiel dattelrata
pal mopl antar surfaces (Gollins and Berker, 2
The presence of congenital heart disease was
i s defined as an increased angle present bet
and Becker, 2021). This angle is refamrrsed to
due to a sponginess at the fingernai/l base.
fingernail pl at e and IS proposed to be C ¢
Pat hophysiol ogi cal mechani smsd bdfood | ubboiwigar
prol i f efriabtrioobnl aosft s, secondary to vascul ar enc

Becker, 2021).

1.9. 3H2emat ol ogi cal di sorder s
Pal e nail beds have been observed in patien
koil onychia (spoon shaped nails) h#&¥eghbeen

1. Hogan and Jones, 1970). As a sftihregdrn maielr nd
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to concave, everting the distal and | ateral
spobn&kmgpearance (Gollins and Berker, 2021).

Figdr7e. Examphgcth®&Gakloi hs and. Berker, 2021)

1.9. 3R8nal disorders

Hal f afdnngagitlfs are characterisedillagsprcohanmeal
(Figur(eGoll.l8)ns and UBédr ker ,Te20%D)ys. nail s, whic
by a white fingernail plate, half a0 %hafFf f
the fingernail Obhedcsasfane hank&h.and half fin
brown or reée@Goi hinoslaod Berker, 2021).

Figure 1. 8. Hal f (afmidt uhkkaMefe r a ik m ¢ e rahsadi d Biwli It 4,
permi ssion from Elsevier. Copyright E 2016 E

2T



1. Research rational e

As previously mentioned, the incidence of CV
in the | ast ,thereeeoemdegadesme of the most prewv
wor |l dwCasatr €ad 24; Vaduegta@m8PBaMm cl ose | ink exi s
CvDs and DM, with CVDs being the most preval
in diabetic patients. Moreover, when diagno
|l i ke€Tsocfans and ECGs, i nterpretations- are 1
knowl edge omuitoamatedatcemputer r espochasmees. As

vi csttiomdi agnostic errors arnedl adteevde | coopmpfluirctahteiro

not only reduce the (pQ@QaLl)ebnuttd sc rgeuvaatlei tgddoift ilo

expenses | inked to the administration of fo
equi pment and training also influence the c.
matrices incpluals ma, deedrodmi ne. Al t hough the
matrices are routinely applied for disease

often require -prepasaveosampler to aoahysi s.
bd i mited. While there has sbeen addma niagae vef m
studies have explored the use of fingernail
Mor eover, a i mited number of studi es hav
spectroscopic techniques for detbcsioprsebr €K
focussed on the application of fingernailss
detection of CVDs and/ or DM through the appl

techniqgues including IR, NIR and Raman spect

1. IRlesearch questions

The research questions to be investigated 1in

T What are the current techniques utilised
CVvVDs and/ or DM?

T What types of bi omar ker s, mol ecul es or
i ndicate the presence of CVDs or DM?

T What risk factorsanodmddiafbil 2bliem oratwmom, i n

ri sk of developing a CVD and/ or DM?
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1T Are fingernails a feasible alternative bi
and/ or DM?

T Can vi brational spectroscopic techni ques

spectroscopy provide insight into the par

1. 1A2.ms and objectives

1.12. Ai ms

The overall aim of this research was to de
detection of CVDs and/ or DM wusing vi brati

fingernails as an alternative biological mat

1.12. Dbjectives

Specific objectives were set to fulfil the r

T I'nvestigating the current state of di agn
s

di ease detection technigues and biomar ke

T Establishing relatienhsddipsdenedgweaeph ipcata neo
and ctHiediadaeld factors and the presence of
T Constructing anHTIVR,l iNdlaR ianngd AReRman spectr
t hat consi st of spectroscopic dataset s
constituents encountered in fingernails

di abetic participants.

T Optimising and validatinghslparcdcoctosrciopatci c
fingerndessrmomi vely in reference to samp
i nstrument al parameters.

T Buil ding anonymi sed Il nclusi ve spectrosc.

participants with CVDs and/or DM of di f
ethnicities, 1| RAlCoag@ioocgddmagr pmhitiienand | i fe

related factoectsr@asonmisc dei gmpat ur es..

PIN )



T Exploring patterns I n t he Sspectradscopic
participants, considering varying charact

et hni ciMLyAaunsdi ncgf assi fication model s.

Research guestions and objectives were ful

di scussed in corresponding ch&pters, as demo

™M



Tabl3® Relationships between research questions, objectives
corresponding chapters.
Research questions Objective(s) Method(s) Chapter(s)
What are the current techniques Investigating the current state of diagnosis for CVDs Systematic review of existing literature. Two
utilised within the literature for the and/or DM in terms of disease detection techniques and
detection of CVDs and/or DM? biomarkers within the literature.
What types of biomarkers, Investigating the current state of diagnosis for CVDs Systematic review of existing literature. Two
molecules or other endogenous and/or DM in terms of disease detection techniques and
constituents indicate the presence of biomarkers within the literature.
CVDs or DM?
What risk factors, modifiable or non- Establishing relationships between patient- Anonymous questionnaires answered by participants.  Three

modifiable in nature, increase a

patientébés risk of
and/or DM?

(sociodemographic and lifestyle) and clinical-related
factors and the presence of disease.

Building anonymised inclusive spectroscopic datasets of
fingernails for participants with CVDs and/or DM of
different ages, biological sexes and ethnicities,
incorporating patient- (sociodemographic and lifestyle)
and clinical-related factors alongside spectroscopic
signatures.

Are fingernails a feasible
alternative biological matrix for the
detection of CVDs and/or DM?

Optimising and validating spectroscopic method for
characterisation of fingernails non-destructively in
reference to sample measurement modes and
instrumental parameters.

Vibrational spectrometers including ATR-FTIR, NIR
and Raman spectrometers.

SEM equipped with specialised detectors such as the
EDX and STEM detectors.

Four, five, six
and seven
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Can vibrational spectroscopic

Constructing and validating ATR-FTIR, NIR and Raman

Vibrational spectrometers including ATR-FTIR, NIR Four, five and

techniques including ATR-FTIR, NIR spectroscopic libraries that consist of spectroscopic and Raman spectrometers. SiX
and Raman spectroscopy provide datasets of biomarkers and endogenous constituents
insight into the p encounteredinfingernails of healthy, CVD, diabetic and Patterns in the spectroscopic data were explored
disease status? CVD-diabetic participants. through MLAs including CWS, PCA and SOMs.
Optimising and validating spectroscopic methods for Classification models such as bagged and boosted
characterisation of fingernails non-destructively in tree ensemble, cubic and quadratic SVM and SVM
reference to sample measurement modes and kernel were also applied to spectroscopic data for the
instrumental parameters. prediction of disease.
Exploring patterns in the
parti caingpantts ci pant scwinshdHd
varying characteristics sut
ethnicity using MLAs and
ATHTI R: Attenuat edFotuacti &Ir n e falnesd ®ma mtaer dfi roavraesdc;ul GGMD di seases; CWS: Correl atiE®X:i Eneawegnum

di s perrsapleAsX:

STEM:

Scanni

ng

Machi ne
transmi

|l earni nignfat goed i hMGA:
s SVMn

NP Ri: n dN@ A ki
SueppobronvmictoosmagnNi ne.

Somponegt ehbheSadMse n-cIeglafinioscogymaps;
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1.

1K3e.y messages

CvDs and DM contribute to an increase in
expenditure on a global scale.

Di agnostic errors are the | argest cause
medi cal and economic burden seen in LMICs

Patients with CVDs ar evdlaiekresaguteosldewdd op
epidemi ol ogy and @hdrhao@thayssiicdl moags bciadli t i e s,
as shared risk factors such as physical i

Traditional di sease detection techniques
cases, invasive and intrustitkwme.wlTeldgy domma
and interpretation, which in LMICs is res
It I's essential t hat alternative disease
matrices are explored, ensuring that sens:t
safety is of the upmost I mportance.

TO



Chaptworli denti fi cation of DI
I n the diagnosi s of cardi o\
di abetic mel | it us: a SYyS.

guantitative studies

To diagnose and manage CVDs and DM, <clinical

panels with a range of bi-omaa&eve-i ahdusiawd

bi ol ogi cal matrices such as fingernails <can
| i t eer ehtassr f ocused mainly on traditional bi ol
and serum. This systematic review investigat

of diagnostic biomarkers for CVDs and DM. A
tdhe identivBCxtad®dDNM fbi omar ker s. The pri ma
identified feoareaCGMDsvewerreot@i ns (CRP), growt h
( GDF15) and neurogenic | ocus notch homolog p
bi omar ker s f or-2-@avc rweg leo kad Ipigra ut A2nM)n e , i sol euc
aci d, myristoleictancgbyceraildmst,i ct Farco sdi,h e a
identification of t he aforementioned bi om
spectroscopi c teenph miyeuwes wverme t he most frequ
|l iquid chromatography with tMVdwS) . maBsiso map &
identification was <carried out wusing a rang
dri ed bl ood spot s, fi,ngeemnmnaml| sa,nd pluad me,. sTd
demonstrated that a combination of bi omar ke
technique of CVDs and/ or DM.

2..Lntroduction

Il n recentWlG@arss ,setethe an i ncreased prevalence
now esti R8&tnd |tlahna@n mi | | i on | ives are | ost ann
respecwWwH®@el ¥025; WHO, 20214
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Di agnosis of CVDs and DMiiss onmfdte ns turnadieg It tafkcern
stage or witRurdtiHdrnmarldy di agnosis of CVDs
f emal es adtiyspil caayl Sy mp taobnmdso ms m @ h asai n, back/
dyspnoea, fatigue, i ndigestion, pal pitati ons:s
comparison to the off ¢ &et eAerpascynmp taonmis Shna rnmeal, €
Yetal ems typically displ gy vwhginmgti toens mdeéc cdrisg e
doctors as a sympettora0dfQ)CVih ehGde malkasi odoassh

of chestimpasymptiehrmeften misdiagnoseecd!| as ednx

i ssues. Misdiagnosis often | eads to (tFhoer ddev e
and Berry, 2020) . Similarly, DM is ofi1en mi
speci fiet(2M@a80ys. Through misdiagnosis of CVD
ri sk for developing further adverse coampl i ca
an increasedbKmawmesr, effeating prol onagkerdd r ec o\
funiconal brain changes, which have been ass
outcomes, |l onger hospital visits ance&ti md¢reas

2014; ¥ana®’vi Garibaldi and Becker, 2016) .

Prevention strategies nfoodriaf@fN&® K dsrmadc hbMiagiyncl uc
mass | BM)edxi e(thcr eatseldest er ol , hi gh blood pres
activity and emoR0AG; (RelaBbdaud) . Research ha
identified &€VDsnantdhbMeemxampl e, sufferers of
to develop a CVD and undergo a CV event (Leo
patients do not di spl ay t handa/foor ednesipli ayped
sympt,ondsi ageodiThfus,ulitt i s crucial that diaghn

explored across a wide variety of diagnostic

Research has found that CVDs and DM were be
and in turn r-eduaied coskiadiet{ Hadedmd,K m@MOOSBI) i
systematic review, therefore, aimed to ident
met abolites used i n/ dirM.g nfolese icd\yod cwBWhnDeEss an d

T To identify what bi omar kers/ metabolites
CvVDs and DM.
T To establmosth tcmenmo n taencahlnyitqiuceasl empl oyed

i denti fication of bi omar ker s/ metabol ites

TP



1T To assesscommombegd matri x for the diagnos
T Todeter mi ne frequently reported bi omar ke
di agnosis of CVDs and/ or DM.

2..MMet hods

2. 2Sdarch Strategy

Si x datwbasesebhetwedn January 2002ndnavedanuc
British Nursing |Index, Googl e Schol ar, Pub M
The search strategy firsttoevaweat &d adbch rpz

t extNo | anguage or publication status | i mits

The following search terms were ovoseenanmfalclat
and biomarkers and cardiovascul ar di seases?b
di abetes6, o6identification and metabolites &
hand met abolites and di abet es 6, Oamalaysi s
di seases o0, 6analysis and metabolites and c:
met abolites and diabetesod, 06detection and b
6detectibnomamdker s and di abet esod, 6det ecti

cardiovascul ar di seasesd6 and 6detection and

2. 2. 2. |l nclusion Criteria

Studies were included into the systematic r
and/ or quantification of biomarkers and/or
D M. Re sstau dntheisc h | oo k eadn da/to rt-rhek@ wullpat i on of bi o

and metabolites during the prognosis of the

2. 2. 3. Exclusion Criteria

Secondary sources of research such as revie
excluded. Furthermore, bi omarkers and met abc

and DM secondary complications such as diabe

TZX



di sease were excluded. Thi s was attributed

di agnosis rather than its developments and f

2. 2E¥4hi cal Approval

Due to the nature of this studg, nmo patrhi calp

were rebawuvatesled i n rtehtirso ssptewcdy vweasdat a extr ac
studies with no identifiable information.
2.2.5. Quality Assessments

The quality of case control and coCrortti csatl u c
Apprai sal Skil |l s cPhreocglalmidentle ((@AS#PYWa Scal e (N
guali (CABPO;l 2WEIRI 22031 Thwasompti sed of three
those being: selection, comparability and ex
with a star rating out of three. The higher
was. The accepted papers=rk)eorn etdhraees c(om e= off
oer al | anual vayofdatihen systemati c review was
PROSPERG@t@{H onal I nstitute for BPAI th and Car e

2. 2. 6. Data Extracti on

Data extraction was conducted by wtahsraerer ireedvi €

out systematically including titles, abstrac
of three options, those being: include, excl
encountered, it was resol ved by a deiyscussi
information from the accepted studies, i ncl t
place i n, study setting (|l aboratory, hospit e
age edunys) , sampl e si ze (participants), bi
bi omarkers/ metabolites (Table 2.1). Studies

including edaglermptecti ve and prospecCprioepeothiov d
case cehudoks}.

TT



Tabl & 2.nformation extracted from published

procedur e.

Sections Sub-sections

Title Aim of study

Study characteristics Experimental settings, study design, sample size, population, instrumentation
Extraction procedure Cleaning procedures, storage conditions, sample type

Experimental conditions Diagnostic technique applied, parameters

Biomarkers Nature of biomarker, concentration

2. 2. 7. Data Analysi s

The summary statistics were reported for stu
size (patiemnltdsH,nt(enedgqaad QR85 .158ahPHe @Gi ol ogi ¢
matrix, diagnostic tool and reported biomark

2. 2. 8. Li st of Definitions

Bi omarkers are defined as a characteristic t

as an i ndicator of nor mal bi ol ogi cal pr o
phar macol ogic responses to a therape@tic in
Met abolites acensehdibmelnbwaisng amino acids, ||
organic acids, which are routinely formed i
(Bagehtelzn021). CVDs are characterised by a grc
bl ood ves-t$teb#gdes | 6D CVDs wused 1incl-BGeé8f), arr

hypertensiBaAw® QARBABA86), heart f aBD1luWr)dD ( HF)
(BAB®43) and coronary micr ov aBsBeeusl)a r( WB)Gs, e a2s0e2
DM is a group of chr oni carneehtaarbaccltiecr | diegle absye s
hyperglycaemia and resul't from defects in |
(Kharroubi and Darwish, 2015). A risk factor
associated with the probadbi |l degtfilef ( HekXxebopel
and Kristiansen, 2007) .

TY



l denti fi c:

Screening

I nclusi &hi gil

2. Besul ts

2.3.1. Study Extraction

3,640,260 articl

OQut of 2,764 papers,

aforementioned i
excluded after t
were found to be
were then subjec

in the review (F

es were screened through th

ncl usi

on and exclusio

he abstracts had been

n

2 ogt7Me iwre rtei telxecd uared ddar

crite

eval ua

irrel eaach.edéenk® qutendil s, t

t to quality

i gur e

2.1) .

assessments and

Screened 3,640, 26
dat abase searc

!

Studies screenend6 4

!

Studi esd abstract

!

Ful | articles ass
= 153)

!

Studies removed af

and dupl i ¢g7aé 4e)s

Studies excluded f
= R274)

Il rrel evant abstrac

insufficient dat a

1 1 11

Studies that did n
required data we8)e

CVDs st ud)DeM s(tnu d=i

l ncluded sltQuds weksgr(m

Bs

Fi gut.e Rata extraction

CVDs: cardiovascul ar

di seases;

andPagedgt sal ect?20m1w

DM: di abetes mellitus;

TO



2. 3. 2. Study Characteristics

Characteristics of the included studies are
ranged from 2008 to 2022. The included stud
7,184 amevdit @n range=70%40%37 QOULORof the afor eme
12(638%H)udies were caast 2zlolngert oli0 2 Cartt B 2 Q ;

Lonegt 2202Q; MR®Rmdlrezguez et aletf 202%; Nedgueiyma
al2022; eScadtfYhet ty, Kumari anedt Hldd®ryeyq 2020,
al2a02Wangt 2a013) (11%)ovaoh dratr t(2he2ad 19;etyayd 1Q) ,

oné5%)etr ospectHatez ecnobhuocerhtl e(r , McLaug)h, i nwand
QA%)prospectilveatc @ildOt e Rzl ,andllit¥Wwoospective
case controAbdslkai defand2C2ad;voRceedr 2aglu.e,z 2019

specified, studies were conducted in 12 cour
(Caretterald0 16 ; Hat zenbuehl er, Mc Laugthlainl 99 n,d S|
Bel gi um ( &b nzdldely8ne, Brazil (Nogueira @m@l1§| ., 2
Let 202QetL22@2Q; etom@2Q;etYyag@® , I ndia (Shetty.
and Shetty,et2®@d9;, Racaqgd( Shtduhatbaef, 2020) ,

(Rodr ZCaued 2019) , Mexi-Rodn{ MPumaz zet al ., 202
(Taet qa022), Mapaiemne@I . , 2019¢t 08 dWaentg Shi

al2013) and Turkey (Scott et al . ,i n2c0 lu0dd)e.d T I

hospital s42d.nla% d8 |1 abor at 6Mi.8 8Vh(enn v elplort ed t h
of studies rawgedobhéehweand =fliivenoyn®@awpeal(tQR3
mont hs) .
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Tabl2z Zharacteristics of studies that identified biomarkers and/
SN Reference Study type Aim Setting Country Sample Population Biological Analysis Analysis details
size and age matrix technique
(years old)

1 Rodriguez-Calvo Prospective To investigate the Recruited from  Netherlands 86 Adults aged Blood 1H-MRS FABP4 levels

et al., 2019. case control role of adipokine in the PIRAMID 45-65 determined using a
regulating cardiac study commercial ELISA.
metabolism and
myocardial neutral
lipid content in
patients with T2DM.

2 Li et al., 2020. Case control To develop a rapid Department of  China 147 Adults aged Blood NIR spectroscopy  Spectra acquisition
and accurate Endocrinology, 30-61 range was 400-
diagnosis of pre- First Affiliated 2500 nm and the
diabetes. Hospital of detectors were Si

Jinan (400-1100 nm) and
University. PbS (1100-2500
nm).

3 Hatzenbuehler, Retrospective To determine whether Data from us 520 Adults aged Dried blood Standardized Quantification of
McLaughlin and cohort sexual orientation Wave |V of 24-32 spots enzyme HbAl1c was carried
Slopen, 2013. disparities in the National immunoassay out using the

biomarkers of early Longitudinal protocol immunoturbidimetric

cardiovascular risk Study for method. Hb was

are present young Adolescent quantified using a

adults. Health colourimetric
method. The lowest
concertation of
HbAlc was 5.54 %

4 Monteyne Case control To explore if NIR Department of  Belgium 159 Adults aged Fingernails Fourier-transform  Spectrometer
et al., 2018. spectroscopy could Endocrinology 28-34 NIR spectrometer  equipped with an

be used as a non-
invasive diagnostic
tool for assessing
glycation in DM.

of the Ghent
University
Hospital

InGaAs detector
and a quartz
halogen lamp.

YN



5 Salih and Prospective To assess the Diabetes Iraq 83 Adults aged Fingernails COBAS cl11 Hair and fingernail
Abdulateef, 2020. case control detection of C- Centre 18-34 (HITACHI) samples cut into
peptide in hair and Hospital, and small pieces (1-2
nail samples to find Oxford English electrochemilumin ~ mm) and incubated
whether hair and nail  Centre and escence in methanol for 16
C-peptide levels are College of immunoassay hours and at 50 °C.
different in TADM Medicine method using a Quantified C-
compared with COBAS e411 peptide (3.77
healthy individuals. analyser ng/ml), insulin (0.95
ng/ml), adiponectin
(11.90 ng/ml), IL-6
(2.61 pg/ml),
glucagon (90.77
pg/ml) and leptin
(28.45 ng/ml) in
patients with T2DM.
6 Lin et al., Case control To identify metabolic Second China 84 Adults Plasma GC-MS Derivatised in two
2020. pathways and core Shaanxi aged 40-60 steps: Agilent
metabolites for Provincial 7890A GC and
prevention and Peopl ed:« 5975C MS.
treatment of disease.  Hospital and
the First
Affiliated
Hospital of
Xi dan Me
University
7 Carter et al., Case control To identify plasma Bavarian Red us 640 Adults aged Plasma GC-MS, LC- 85 circulating
2016. metabolites and Cross Blood 30-60 MS/MS and protein biomarkers

protein biomarkers
that, in combination
with glucose, can
better predict future
T2DM compared with
glucose alone.

Transfusion
Centre study
for
identification.
Medicine
Research
Project in
Wisconsin for
validation

Multiplex ELISA

were ascertained
from the study
population using a
discovery proteomic
platform.

<
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8 Lau etal., Prospective To investigate sex FHS Offspring  China 7184 Adults aged Plasma Modified Fasting plasma
20109. cohort differences in cohort 35-63 enzyme-linked glucose levels were
circulating biomarkers immunosorbent measured using via
representative of assay sandwich a glucose oxidase
biological pathways approach and method and HbAlc
implicated in the Luminex xXMAP levels were
development of CVD platform measured by using
among Framingham an ion exchange
Heart Study resin method on the
participants. spectrophotometer.
9 Shetty, Kumari Case control To find an association  Justice K.S. India 429 Adults aged Plasma GC-FID Data were acquired
and Shetty, 2020. between w-6 to w-3 Hegde 30-60 using an ACQUITY
fatty acid ratio and Charitable UPLC coupled to a
T2DM. Hospital, 5500 QTRAP triple
Deralakatte, guadrupole mass
Mangaluru spectrometer.
10 Wangetal., Case control To investigate 2- FSH offspring  Sweden 2261 Adults aged Plasma LC-MS/MS Reverse-phase and
2013. aminoadipic acid and MDC 45-65 hydrophilic
as a biomarker for cohort interaction
diabetic risk. chromatography
was applied to
lipophilic and
hydrophilic
metabolites, using
positive and
negative
electrospray
ionisation.
11 Shietal., Case control To identify plasma Vasterbotten Sweden 1006 Adults aged Plasma HPLC-qTOF- ATR-FTIR diamond
2018. metabolites that Intervention 42- 58 MS/MS crystal and heating
predict future T2DM, Programme function applied to
to investigate the cohort dry sample.

changes in identified
metabolites among
individuals who later
did or did not develop
T2DM over time, and

Y O



to assess the extent
to which inclusion of
predictive metabolites
could improve risk

prediction.
12 Nogueira et al., Case control To evaluate the University of Brazil 23 Adults Saliva FTIR Nominal resolution
2022. feasibility of Taubaté aged 18+ spectroscopy of 2 cm, with a
diagnosing DM and blank BaF window
periodontitis through employed for
saliva samples based background
on their FT-IR spectra measurement. 256
scan signals were
averaged for each
film.
13 Scott Case control To monitor DM- Department of  Turkey 62 Adults Saliva IR spectroscopy Spectrum One FT-
etal., 2010 specific alterationsto ~ Metabolic aged 30-61 IR spectrometer at
the molecular Diseases and a nominal resolution
composition of saliva  Endocrinology of 2 cm_l, with a
from subjects with at I_Ege . blank BaF window
DM_and cohtrol . University and employed for
subjects using this School of background
unique optical tool. Dentistry, Ege measurement.
University
14 Raoetal, Prospective To characterise the Ni zamds India 40 Adults aged Saliva LC-MS/MS Injection volume of
20009. case control human salivary Institute of 36-62 5 L for a
proteome in T2DMto  Medical employing an
identify potential Sciences ACQUITY BEH C18
biomarkers of DM. column.
15 Longetal., Case control To search for an Beijing China 149 Adults aged Serum UHPLC/Q- UHPLC system was
2020. integrated biomarker  Jiaotong 48-61 Oribitrap HRMS used to separate
for early diagnosis by  University the metabolites in
determining Community serum with an
metabolites Health Centre injection volume of

associated with the
progression of T2DM.

5 L for a
employing an
ACQUITY BEH C18
column (100 mm x

Y N



2.1 mm, 1.
Waters) at a column
temperature of

40°C.

16 Tariq etal., 2022.  Case control To discover more Dow University Pakistan 75 Adults aged Serum nano LCi MS/ MS  Orbitrap Fusion
sensitive potential from January 24-43 mass spectrometer.
protein biomarker 2018 to
candidates capable of February 2019
predicting
progression to
hyperglycaemia
before its onset (at
pre-diabetes stage).

17 Martinez et al., Cohort To identify a molecule  Hospitl 12 de Spain 81 Adults aged Urine High-pH Analysed at 600

2019. profile with added Octubre 30-50 reverse phase LC- MHz using a Bruker
value to classical CV MS/MS and DRX600
risk estimation. ELISA spectrometer
operating in flow
injection mode.

18 Méndez- Case control To identify Health Centres Mexico 41 Adults aged Urine uf-GC E-nose Trap column:
Rodriguez et al., metabolites in urine in Ledn, 20-55 acclaim PepMap
2020. through FGC eNose Guanajuato TM nano viper, C-

that can be used as 18, m310Ce;j
biomarkers in the (0. Mx26cm)
identification of T2DM was used for a
patients. concentrated
peptide with a flow
rate of 15 ¢L/min.

19 Yapetal, Cohort To investigate INTERMAP China 767 Adults aged Urine IH NMR Bruker DRX600

2010. population cohort 40-59 spectroscopy spectrometer
biomarkers that might operating in flow
relate to the injection mode.
difference in CVD
risk.
IH-MRS: proton magnetic rld-BMRmmd®Ns paictl re@asc on@AgTNETI R: r@tstommunateeFouot @ar tefahBdbamcemfrar e

fluoBEHEe; ethyl ene @OV:i dgardd hgW®d dglaad; ov asxM:l adi adbi estedass erSl: | id¢tnuskmal
acibdnding pHSteFnathmi nghamGCearFtas$t wdys;

i mmu n o sFAArBIPérnttt yassay;
cHhTr: o nfadt worgyimearfpdinFo, u rEiTelrRs f or nGd:n fgraasr ecdn;r o@@&t ogr aphy
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FID: gas chromatography wit BMSf:| agme icdriosmaattioogm adehtyle cntahsase nsép@Ridtiod enme tgd o IHIPIL-GA IOAS /| MS :
high pressure |liqguid chromatogofiphghtompbsedswpethiHhesadpyu@alCRIEkMBMEr Argdi d chromatography
spectrobMabmy; DMPC: andMSanmass St pdly Rt oimefarrar, ed; NRPbB8ptl|l eeadgBBERANMhDdDdePi oglitazone |

mas s
on t Ri-igdegcfeacumul ation in th&i My&cSai dienmdiyhIndNndble®yre ;1 diTa2bDeM:e sTympel 12i tdusafBE t-lEcss eane | | i t u !
ultrafast gas chromaitsdgPla@bytphbtghmance | i quiUHPLICO®MmbBt bgapp IRMSH T aud mammde glhi qu-id chrom
guadr Opdliga rapshbhighi on massUPpE€ctubmetarperformance | iquid chromatography.
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2. 3. 3. Participantsdéd Characteristics

Participants l19epdamwele e swnthhe théb6adaggenasgel o
(Table Ph&8)sample population consisted of h e
l abpaticd®Mhes e current cardiac conditions wer
i agnosi s CoVdmpt hs € @B @=HFPon ,= 313. 3% d hypertensi
= ,1 33..3%M patients recdivwhdeltdDMgadMi Bhef p

medi an mal e: femal e gtadudioed owas a&2. xoh3.ro»I1 (1 Q

d
d

334 253) and for prospective case conitr ol i
66.5:29.25). Only one cohort study reported
retrospective cohort stpudys,peacrna veoltarste stond

case control studies did not di scl ose the nu

Tabl® 2Participantds characteristics includi

size a-ddsmeaaBe: di sease ratio.

SN Age range (years) M:F (%:%) Population ND/D (%:%)
size
1 45-65 74:0 (100:0) 86 12:74 (14:86)
2 30-61 67:80 (46:54) 147 53:94 (36:64)
3 24-32 NR 520 NR
4 28-34 80:79 (51:49) 159 107:52 (67:59)
5 18-34 44:39 (53:47) 83 42:41 (51:49)
6 40-60 84:0 (100:0) 84 42:42 (50:50)
7 30-60 366:274 (57:43) 640 523:117 (82:18)
8 35-63 3289:3895 (46:54) 7184 6737:447 (94:6)
9 30-60 241:188 (56:44) 429 216:213 (50.3:49.7)
10 45-65 1017:1244 (45:55) 2261 1911:350 (85:15)
11 42-58 443:563 (44:56) 1006 503:503 (50:50)
12 18-65 NR 23 2:21 (8:92)
13 30-61 24:38 (39:61) 62 23:39 (37:63)
14 36-62 NR 40 20:20 (50:50)
15 48-61 81:68 (54:46) 149 48:101 (32:68)
16 24-43 29:46 (39:61) 75 25:50 (33:67)
17 30-50 69:12 (85:15) 81 32:49 (40:60)
18 20-55 NR 41 20:21 (49:51)
19 40-59 NR 767 0:100 (0:100)
Data reportedMaB: nmal € %t ) f e madieseased;t NDdiDseaoend rati o;
SN: study number.
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2. 3. 4. Bi omar kers and Metabolites

Seven biological matrices werestegoasnddwaceo
bl oodt (A02Q; RoW@allwgaeegt al ., 2019), dried bl o
McLaughlin and Slopen, 20k3).,al f2i0nlg8e;r n@all ish

Abdul ateef, 202@)X, 2p1 G senla®afl ClQirette 2ad 2WYh et t vy,
Kumari and Shettt 208 2 OMadnt;,g 280nli7 ) , sal ieta aINo,gu
2022; eSca0ilQ; eRaml0) , ser uent (2A002nQg, eTa BDI2q2,)

and uMamternfeadld®ndRadr2guez et eal 2018020 ; Ye

Across bot,ha dtioste@alZbemfmad ker s wesreev @nie pwiritceh ,

occurredCVbnbdodhabetic patients. Bi omar ker s
di abpaticents included ADAMl&atcipa@pghemcosel | ¢
and |l eptin. 7Tégaed2rd2dimamar kgr s wer e characteris

of CvwbDBM respectively, but could not be wut

conditions.

2.3.4.1 Biomarkers and Metabolites Related to CV
A totr&ddi cohar kers were identified in relation
mo st frequently reportedealbit omar kperrost ei mc |(uCdR
di fferentiation factor 15 (GDF15) and neurc
(NOTCH 1) (Hat Mehbughléen andeS$S| zapp Mg r t220rMe8z L

et 2019) . The |l evels of CRP repp33.,edi%annd dr i
pl asma, (6662 mpl es increased during the ons
rel athbadltogx cRésearch showed that the | evel o

as CRP were significantly higeter 20 h9)f.eman e
increased @Dfolubntpoosfi ti vely correlatedd5®with (
pg/ mL in casie&0 veg/smls i7/(bMarotrettmre2d0 40 ) . Thi s | e
was further heisghtaatn ezd 1i9n) .f eN@alICeH1 was al so

hi gher concentr atato s 1li9n wWoamnda AhEeBa u

The identified biomarkers were prevalent dur
which is <char akkRlenrdiisveidd usad sprwea t h a family h
related medical condi tion, are at a Flmirgher
exampl e, i ndi vi dual €ADBh e rctad rAldDioamryaor peA Dnoyr, e

YY



at ri sk of devel opingetHFRA0(1RBa ] aSevwe2d@M0nZo) ; | ng
Vel agal et i amd zZVvdaeam,nd2Nappi, 2000) .

Tabl4eBi2o.mar kers andemet abdl bdthlkeg dinacgends:i s of

Matri Bi omar ker

Bl oocADAM15, CRP, glucose

spot ¢

Pl asr Adi pAlimbaci di ¢ g |, Alcmlpaioctreo gnJAonbgu loipdoii le¢ i mr ot ei n
Apol i poprAptodiim ol mBiek nBiBai n natri,Bueyirgl| sadpd.i
CD16BD5CD5€er ul opChemiCGorlilna@oennt alcERACXC moti f cl
| i gandysltéa,Diemh@sphoryl ated uncar baqgkiy b eliRidd rnoabt|
growth f@RRED Beno3pelxnsiul in growth fadmheul binndirn
binding Jbnsukin growth fadmeulbinndgirogvt iir éd taeit o
I nsdliikre grownhefaet bul ac uh,d e dlieopnt ,iM@tIR i X
met al | op+Badvtadirn as enet a{9|Med ramtoaenan asd | a dNhcersd coynt ¢
chemoattracibnel ppoet,dybbddadNOTECHRLar aoxdrPesea pher
myel in fdilloaseminna2gen ac-l,PVatetetnhBegeoneratinag
al pRaesi,Serom amyl pi oStodiunb| eSaqpbll3e0 i ntercel l ul a
mol eeluySlodd ubl e receptor for adv,&ncodadé pereidd e d) nf
Tetr anTeicstsiune i nhi bit or -1pfa smeutl aalrl cemrdoott ehien a sad g

Urine2hydroxyiséebdtgeblt esur face Admrrteingoedho x&i enaeBga,i cnhea i
Brancchheadi N ami m@ ag diibaest hy o yichoehi | c,&DIFAd i ¢
Guanine delimp maragkttea eM hy | gNiaacneitnyel s neuN-amehyt
gl ycoprot eiiMOTCHPemd mtno i ¢/ h e phtfeannyd iacc ea cyil dgel | pit naem
scyil hos iuSacli nrimconitate

ADAM15: A disintegrin &&R®:-m€aat il ogrlptl3et eCdues te5; of di fferen
CD5: Cluster of differentiati oDF15CD®B8owChusti éf;eofendi faft & 0«
gpl30: GI ycoNOToCtHli:n Ne3u0r;ogenic | ocus notch homol og protein

f
i

2. 3._Bli.2mar kers and Metabolites Related to DM

A tota#biommaz kers were reported f Arcraoisagnhei
reported bsolmauc&ietmde wsetquent | ¢ nr samd) tweads
identified,i )5 pbds,Mmab)E¥ind X er ud5eenp eec ilmen.
Théeevel of 1 soleucinels@Zzhbbdédngantin dhabedas:e
in comparison to é@eaihh@y; elbbdh§ 20 ;= tF DML § ;
Wangt 2013). Tyrosine was the second most fr
DM(n =an3) was identifigd66no6amlda ssnear,u(nB 73 & 1
(Loeg. al 2020; 2060 8; eMarx 13) . During (tthyepeonlset
and, 2)yrosine levels si4dmilfdi ccehmatnlgye )i n cnr ecacsnef
heal thy baskilnokeivieyedbso reported in blood
pl asma (n ({Leh, 289@%) Shetty, Kumari and Shet:t
t he af or emeonmairokneerd sbi gni fi cantly increased i

from O.l4bHh)ne was identified twice in plasr
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the presefket o2a0 1Dt eNarxdl 1 3) . Ot her amino aci
reported as biomarkers for DM are gl utamine
pl asma and estera@m@Q( Leitrm A 2 Q ;e tS 1&KdY) ,

Hi gher | evels of fatty acids including myri:
serum samples taken fato®mIRAOD M Spheettitent Ku(mlair n
2020). Acetyl carnitine posdattiza0e2Qy, eloornage! at €
2020). A key biomarker for DM diagnosi s were
with T2DM i n, b3)®%drd((nre = B0 % M®RaA&rz2 guez et e
2020; Rodallgaeert al . ;2m2d0rn®gl. obAullpihna ( A2 M) I
si grriafnt-rheyg wlpat eddi aibnetpperse andetT 2DM0 Y;RaTaralq. ,
2022) .

Il n contrast ;petphd dleesvedlounfd G n fingernails dec¢
comparison to healthy control s. Research sh
after a DM d7i aygenaorssi s( Soafl i>h and Abdul ateef , 2
Cpeptides found in plasmaeti @B6dgasedhi a TQDNe
Cpeptides can act adi faf &1 enhta irDdgpireosti loe It ehwee | s
glucose between T1DM and T2DM can al so be wus

Tabl>eR&ported biomarkers and metabolites wuse
Matrix Biomarker
Blood 9-Ox00DE, 12-Hydroxyeicosatetraenoic acid, 13-Hydroxyeicosatetraenoic acid,

1-Oleoyl-L-.alpha.-lysophosphatidic acid, 1-Oleoyl-sn-glycero-3-phosphocholine, 1-
Palmitoylglycerol, 1-Palmitoyl-sn-glycero-3- phosphocholine, 1-Stearoyl-2-oleoyl-sn-glycerol 3-, 1-
Stearoyl-rac-glycerol, 2E-Eicosenoic acid, 3-Phenylpropanoic acid, 9-hydroxyoctadecadienoic
acid, Acetylcarnitine, Alpha-Linolenic acid, Alpha-tocopherol, Betaine, Capric acid, Carnitine,
Chenodeoxycholate, Cis-(6,9,12)-linolenic acid, Cis-9,10-Epoxystearic acid, Cis-9-Palmitoleic
acid, Dodecanoic acid, D-Proline, D-Quinovose, Dulcitol, Embelin, Erucamide, Fatty acid-binding
protein, Glucose, Glutamine, Glycochenodeoxycholate, High-density lipoprotein, Hypoxanthine,
Isoleucine, Leucine, L-Gulonic gamma-lactone, Linoleic acid, Low-density lipoprotein, L-Pipecolic
acid, Myristic acid, Myristoleic acid, Norethindrone acetate, Palmitic acid, PEA, Phenol,
Phenylalanine, Phosphocholine, Pyroglutamic acid, Sunitinib, Taurine, Triglycerides, Uridine,
Water molecules without hydrogen bonds

Fingernails C-peptides, Glycated proteins

oM



Plasma 2-Hydroxyethanesulfonate, 2-Aminoadipic acid, 2-Hydroxybutyrate,
2-Methylbutyroylcarnitine,3-hy dr oxyi soval eryl carni ti ne, -lindlénk N\
acid, Arachidonic acid, Bile acid 386.2455 @8.21, Cholesteryl ester, Citrulline, C-peptide,
Diacylglycerol (14:0/16:0)h, Diacylglycerol (14:0/18:1)h, Diacylglycerol (16:0/18:1)h,
Diacylglycerol (16:1/16:1)h, Diacylglycerol 531.4484@13.29h, Diacylglycerol 571.4437@13.30h,
DGLA, Dipalmitoyl phosphatidic acid, Docosahexaenoic acid, DPA, Eicosapentaenoic acid, Fatty
acid 259.1608@7.63, Fatty acid 364.333@10.46, Glucagon, Glucosamine, Glucose, Glutamate,
Glutamate derivate 316.0887@6.19, Insulin, Interleukin-6, Isoleucine, Leptin, Leucine, Lignoceric
acid, Linoleic acid, Lysophospholipid (17:0), Lysophospholipid (18:1), Lysophospholipid (18:2),
Lysophospholipid (20:1), Lysophospholipid (p-16:0), Mannose, Myristic acid, Myristoleic acid, N-
Acetylglycine, Oleic acid, Palmitic acid, Palmitoleic acid, Phenylalanine, Phosphatidylcholine
583.3792@10.75, Phosphatidylcholine (15:1/18:2)h, Phosphatidylcholine (16:0/16:1)h,
Phosphatidylcholine (17:0/18.2), Stearic acid, Tryptophan, Tyrosine, Valine, y-linolenic acid

Saliva Acidic leucine-rich nuclear phosphoprotein 32 family, Actin-like protein 2,
Actin-related protein 2/3 complex subunit 5, Aldo-keto reductase family 1 member B10, Alpha-1-
antitrypsin, Alpha-2-macroglobulin, Annexin A1, Annexin A2, Apolipoprotein B-100, Basic proline-
rich peptide IB-8a, Calmodulin-like protein 5, Calnexin, Carbonic anhydrase 1, Carbonic
anhydrase 2, Carbonic anhydrase 6, Cathepsin Z, Chitinase-3-like protein 1, Collagen,
Complement component C6, Cystatin-A, Cystatin-C, DSP, Dimeric aldehyde dehydrogenase,
Epidermal fatty acid-binding protein, Flavin reductase, Glucose, Glycogen, Glycogen
phosphorylase, Grancalcin, Histone cluster 1, Inter-alpha (globulin) inhibitor H2, Isoform 2 of
P60953 cell division control, Isoform 2 of P67936 Tropomyosin alpha-4 chain, Isoform 2, 3 and 4
of Chitotriosidase-1, Kallikrein-10, Kallikrein-13, Lamin A/C, Ly6/PLAUR domain-containing
protein 3, Moesin, NADP-preferring, Neuroblast differentiation-associated protein AHNAK,
Nucleobindin-2, Peroxiredoxin-1, Peroxiredoxin-2, Peroxiredoxin-6, Phosphoglycerate kinase 1,
Protein 42 homologue precursor, Protein plunc, Protein S100-A7, Purine nucleoside
phosphorylase, Pyruvate kinase isozymes M1/M2, Retinol binding protein 4, Ribonuclease
pancreatic, Serpin peptidase inhibitor clade B, Small proline-rich protein 2F, Sugar moieties,
Transthyretin

Serum 1,3-p-menthadien-7-a, (2)-3-Hexenyl hexanoate, 1,1,2-trichloroethane,
1,2-dichloroethane, 2-acetolactate, 2-ethyl-6-methylpyrazine, 2-hydroxy-2,4-pentadienoate, 2-
methylbutyryl-carnitine, 2-propanol, 2-propenal, 3-methylbut-2-en-1-ol, 3-phenyllactic acid, Acetyl-
L-carnitine, Alanine, Alpha-2-HS-glycoprotein, Alpha-2-macroglobulin, Alpha-selinene,
Antithrombin-I1Il, Apolipoprotein A2, Apolipoprotein A-1V, Arabinose, Arginine, Beta-himachalene,
Bilirubin, Biliverdin hydrochloride, Butane-2,3-dione, Butanoic acid, Choline, Cis-1,2-
dichloroethene, Complement factor B, Creatinine, Fenchol, Glutamic acid, Glutamine,
Haemoglobin subunit beta, Hexadeca fluoroheptane, Immunoglobulin heavy variable 3-7,
Immunoglobulin J chain, Indole-3-lactic acid, Inter-alpha-trypsin inhibitor heavy chain H4,
Isoleucine, Lysine, Lysophospholipid (14:0), Lysophospholipid (15:0), Lysophospholipid (16:0),
Lysophospholipid (16:1), Lysophospholipid (18:0), Lysophospholipid (20:1), Lysophospholipid
(20:5), Methyl furfuryl disulfide, Methyl isobutyrate, Palmitoyl-carnitine, PHE, Phenylalanine,
Proline, Propan-2-one, Propionyl-carnitine, Serum amyloid P-component, Triglycerides, Tyrosine,
Uric acid, Valine, Vitronectin

D GL A :Dihomo-gamma-linolenic  acid; D P Mocosapentaenoic  acid; D S Mesmoplaki; PEA:
Palmitoylethanolamid; PHE: Perihematomal edema.

2. 3.5. |l denti fication Techniques
The techniques and Il nstrumentation used fo
bi omar kerisn vtaernmsl of bi ol ogi cal matrix choi

technique choice apUdabnleg hdd6)val i dati on

For Dbiological matrices, the extrackamt pr oc
included centrifugation (for Cactte@dfdgsal i v
Laet 2019et LAO2Q;etL iza® 2 Q ; Ro@a I2egtal. egzl 29DheOt t y,
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Kumar i and SS8kdatt ya08RMPa2r@tq 202%angt 2013

Fingernail <clippings wer eMwoast begtd é40nl @Y mL 6di s
mL of meSahlainholan(d 2A®b2A@) antagdé of bi ol ogi cal ma
bet we2eOAC o0& 0 Cf or blood and saliva; whereas,

room temperatur e.

I n terms of technique, five common technique
and weaM&/ MG, enzyme | inked I mmunos®&r beNdAtR as
and FTI R specMS/oMs oways tLhCe most reported tec
bi omar lpd ras man ( A4)0,% al i,v 2)0(s er dm 2nandl uri ne
(n ,= 20% Catt2adlMdart 2ne2ad0l19; efadido@2; eRaal .,
2099 Weentg a013Fnis was fboUIl®Avweetd wayspuasmaf 6n =
2, 66. 6ad urind83(Bs%mpl ext( @Q@1B6ertLaadl9;
Martae®nead0lJhe third tecCM3tihgaute wabse ru spelda s ma ( n
2, 100% spes{( @andter @aD16; etLi @D 2 0Mo.r e oseevrer al
spectr otseolpnidgnucelsudi ng NI'R and FTIR spectro
detecting bhloomad k(ere)520iflni nger,n&j51% nd nsa| lva (1
50 Leit 2020, Moentt eéaY) 1 & ; Neguad22; eScadQ) .

Met had idati on of techni pue@shttuvdidleXsc apodli ¢ heout
choice of the parameters depge€mdadttradlghe t
Hat zenbuehl er, McLaughletn2686; SNegpe&adDeap13,;
Scoettt 201 0;etSmA& , RodrCaglweaoz 201 9;etYazpd01Q). For
instanete &akR020) val Nt 8t espbectroscopic met h o
calculating the performance metrics of the ¢
di abetic patienmetrl ost hascadwreascpye c(t97. 22 %) , :
(95.66%) and se@asritgéarv@2toyl 6()1 ovoa%)i.dat ed a met a
the early diagnosis of T2DM. For this stud)y
independent study populations, the first bei
group) and drhec srefciorndatfory testing (validati
utilised an analysis of variance (ANOVA) tes
l16fold cross validation, t dccomemratr eattihoen phea
matched diabetic cases and heaeltt lay2 0Q&@nt rbauli 9.
saliva classification MDMaelds pfeorn odbet idi iag.nc

empl oye-flolad 5Bcaloisdsat i on met hod for the <c¢cl ass
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metrics. Re s eatr c@2 Obly0 ) S ceomiptl oweeldi daatd roms smet ho
l inear discriminant analysis for determining
predictive values for <classification of hea
study ut-t hsefddi tswosampl e for a trai ntmhigrdet,
was

of DM in pdtas@amQl18)hial so incoapodat wdmbkf ca me

used as the daMtt hsreadugtho IdR asgpneocst r oscopy.

Specifically, t his wor k devel oped -RALSmul t i |
classification algorithm, which was$ i datcioomp
framework. This work also avoided overfittin

i ntroedpi ction and velki @Ga0loh satrsi edaput a si
procedure when apmpoétyomgnuwcl @@&r tmalHNMR)c r es
spectroscopy for the detection of CVDs. To
metabolites found in urine, orthogonal part
( OPIDA) was applied, whicRY watsa taissteist eéac dcad n 7
val i dati on-CalRwedr 24gl2.@%9) val i dated t he rel a
circul ataicng foatntdy ng proteins and T2DM wusi ng¢
resi stance. Whi | e Hat zenbuehl er, Sl open an.
relationshipabet @¥¢éeni SERP through the compar:i

bl ood spot concentrations.
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Tablé Diagnostic techniqgues employed for the identification of
SN Instrument Biological Extraction Procedure Validation
Matrix

1 1H-MRS Blood Lipids were extracted in methanol 0.1% formic Myocardial *H-MRS spectra were obtained Validated data using a murine model of
acid. After sample fragmentation by vortexing, from the interventricular septum. insulin resistance induced by a high-fat
immersion in liquid nitrogen and ultrasonication,  Spectroscopic data acquisition was double diet.
dichloromethane and water were added triggered with ECG triggering and respiratory
sequentially. Samples were incubated and navigator echoes. Water-suppressed spectra
centrifuged. The organic phase (lipidic) was were acquired to measure myocardial
collected for drying under a stream of nitrogen. triglyceride content.
Lipid pellets were resuspended in methanol:
toluene for LC/MS analysis.

2 NIR Blood 147 peripheral blood samples were preserved 1 mL sample portions were placed in a The sample set was divided into a training

Spectroscopy (about 1mL), kept in an anticoagulant tube and quartz cuvette (optical path of 1 mm), and set and a prediction set at a ratio of 3:1 by

stored \nrefrigerator2 0

spectra were recorded at a wavelength
increment of 2 nm in the range of 400 7
2,500 nm. The laboratory temperature was
24 + 1 € and the relative humidity was 41%.

using a random selection method and
repeating sampling 10 times.

3 Standardised
enzyme
immunoassay
protocol

Dried blood spots

Blood spot samples were obtained using a finger
prick and were submitted for laboratory analysis
of high-sensitivity CRP (mg/L) and HbAlc (%),
reflecting average blood glucose. Trained
interviewers collected blood spots on
standardised filter paper using a sterile
disposable lancet. Blood spots were dried
overnight and then frozen.

CRP was assayed from blood spots using a
highly sensitive standardised enzyme
immunoassay protocol.

Validation study compared CRP
concentrations of 87 pairs of plasma and
dried blood spot samples.

4 Fourier-
transform NIR
spectrometer

Fingernails

Fingernalil clippings of healthy subjects and of
patients with diabetes mellitus were collected in
Eppendorf tubes and washed by adding 1 mL of
distilled water. The tubes were placed in a
sonication bath. Clippings were removed from
Eppendorf tubes and dried in an incubator for 12
hours.

Nine sets of clippings were pulverized with a
dental drill. Three groups of either three nail
powders and three nail clippings were
incubated with 1 mL of sodium chloride
solution, 0.278 mol/L glucose solution and
0.556 mol/L glucose solution. Complete
fingernails were incubated with 0.833 mol/L
glucose. After four weeks, samples were
centrifuged and supernatant removed.
Powders were washed using 1 mL of distilled
water.

NR

@Il
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5 COBAS cl111 Fingernails Nails samples were cut into small pieces and Samples were analysed by the NR
(HITACHI) weighed. Samples were placed into coded glass  electrochemiluminescence immunoassay
and tubes with 1.6 mL of methanol and incubated method, using a COBAS e411 analyser.
electrochemilu using a shaking incubator. Samples were
minescence centrifuged and 1 mL of supernatant was added.
immunoassay Supernatant was left to dry and a mixture of
method using phosphate buffer saline solution was added.

a COBAS
e411 analyser

6 GC-MS Plasma Venous blood samples were collected into tubes  Plasma samplesof30e L wer e mi x NR

coated in the morning after overnight fasting. single-phase mixture and after centrifugation,
Samples were immediately chilled and Supernatant was aliquot into a tube and
centrifuged at 12,000 g for 15 minutes and at dried via a vacuum lyophilizer. Derivatisation
room temperature. Plasma samples were was carried out before application to the GC-
coll ected a®B@°Cantiléurtherd at MS system.

analysis.

7 GC-MS, LC- Plasma Fasting blood samples were collected and Proteins were removed from plasma samples  Matched controls formed the validation
MS-/MS and centrifuged. The plasma layer was divided into by precipitation with acetonitrile. Polar and group. A validated algorithm for identifying
Multiplex aliquots and stored at -80 °C. non-polar plasma fractions were separated patients with T2DM from electronic
ELISA for both GC-MS and LC-MS/MS analyses by  medical record data was used to

adding water and a mixture of ethanol and determine a T2DM diagnosis in the
dichloromethane followed by centrifugation. validation group.

8 Modified Plasma Fasting blood samples were collected, A Modified ELISA sandwich approach and NR
ELISA centrifuged and stored at -80 °C. Luminex XMAP platform was utilised to
sandwich create 17 distinct multiplex panels and were
approach and based on factors including dilution rate,

Luminex cross-reactivity, the time when the target was
XMAP platform added to the assay list, and standard
Luminex assays.
9 GC-FID Plasma 2 mL of fasting blood sample was collected from  Tubes of 100 mL of plasma were thawed at NR

the subjects for biochemical estimations and

fatty acid methyl ester preparation and analysis.

room temperature and was then added to
triheptadecanoin. Isoctane phase (1 mL) was
injected onto capillary column GC-FID to
determine the FA distribution. FA levels were
determined in the presence of an internal
standard by using gas chromatography with
flame-ionization detection.

PP



10 LC-MS/MS Plasma Discovery analyses were performed on Data were acquired using an ACQUITY NR
individuals from the FHS Offspring Study. UPLC coupled to a 5500 QTRAP triple
Metabolite profiling was performed on samples quadrupole mass spectrometer. Samples
from 1,937 attendees who were free of diabetes wer e prepared by the
at baseline. Fasting plasma samples were extraction solution (80% methanol) plus the
obtained from 5,305 subjects in the MDC internal standards inosine-15N4, thymine-d4,
Cardiovascular Cohort. and glycocholat e) t o 30 ¢l o]
samples were centrifuged and the
supernatants were injected directly.
11  HPLC-qTOF- Plasma Fasting plasma samples were sourced from a Fasting heparin plasma samples were de- Incorporated standard ML-PLS into a
MS/MS biobank. Samples chosen if their donor had later  proteinised and analysed by HPLC-qTOF- repeated double cross-validation
developed T2DM after a median of seven years. MS/MS. Reverse-phase and hydrophilic framework with unbiased variable
interaction chromatography were applied, selection.
using both positive and negative electrospray
ionisation modes.
12 FTIR Saliva Samples were homogenised in vortex Samples were pipetted without additives on Classification performance metrics were
spectroscopy equipment, transferred to a centrifuge microtube  the crystal of the spectrometer and dried for obtained by using 5-fold cross-validation.
by using a calibrated pipette and stored in a 17 3 min. Samples were analysed by the
freezer at -80 °C. FTIR spectral fingerprint region between 600
andil800 cmT 1.
13 IR Saliva Unstimulated whole saliva samples were Duplicate 50 ¢l sal i v Lineardiscriminantanalysis was used to
spectroscopy obtained by expectoration into polypropylene 25 Torr on 13 mm BaF windows. IR spectra partition the saliva samples into disease
tubes prior to clinical measurements. The saliva  were recorded using The Perkin Elmer and non-disease into a validation set.
samples were weighed and then immediately Spectrum One FTIR spectrometer Sensitivity, specificity and positive and
frozen at -40°C. The samples were then negative predictive values were
lyophilised and stored at -20°C. determined for the classification process
through cross-validation.
14 LC-MS/MS Saliva Specimens were immediately frozen 1 mg portions of samples were reduced, NR
and stored at -80 °C. Saliva samples (10 mL) alkylated and digested with trypsin, and the
were centrifuged. The supernatants were resulting peptides were separated with
transferred to 4-mL Ultrafree 5K membrane strong cation-exchange (SCX)
concentrators and spun. chromatography. 9 €L
by LC-MS/MS.
15 UHPLC/Q- Serum Serum sampl es wer e t ha\ Nitrogenwas used for spray stabilization and NR
Orbitrap of serum was mixed wi t | dampinggasinthe C-trap. Precursorions
HRMS solution (containing L-2-chlorophenylalanine and  were fragmented at 20, 40 and 60 eV

ketoprofen). After vortexing, the mixture was
centrifuged to precipitate the protein. The 80-¢ L
supernatant was transferred to an autosampler
vial.

collision energy, with the AGC target set as
1.0e5 and a maximum injection time of 50
ms, with the isolation window set as 1.0 m/z
unit at a resolution of 17,500 in ddMS2
mode.
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16 Nano LC- Serum Serum was separated from whole blood via a Proteins (100 e€g) wer NR
MS/MS serum separator blood collecting tubes. Samples and the resulting peptides were desalted
clotted at 37 °C for 30 minutes and were then using C-18 zip tips. Analysis of 10-50 fmol
separated by centrifugation at 10,000-12,000 for  aliquots were analysed using a nano LC-
15 minutes. 2 €L of pr «MS/MCwith maXis Il platform.
of serum was added to deplete protease activity
against the proteins. Samples were divided into
aliquots of 20Q080¢C. and
17  High-pH Urine Urine samples were collected in sterile Urine proteome from 30 subjects was NR
reverse phase containers, centr i f ug e (quantiatively analysed by isobaric labelling.
LC-MS/MS until analysis. Urine proteins were subject to tryptic
and ELISA digestion and the resulting peptides were

TMT-labelled, desalted and fractionated by
high-pH reverse phase chromatography. The
fractions were analysed by LC-MS/MS on an
Orbitrap Fusion mass spectrometer.

18 uf-GC E-nose Urine

Urine samples were taken from the first-morning
micturition in 100 mL sterile bottles. Urine was
then stored at -20 °C until analysis.

Analysis was carried out using a non-
targeted metabolomics approach through an
uf-GC E-nose detector, which was equipped

NR

with twos columns of different polarities. At a
vol ume &,duplE#&ed were made and
incubated in the equi
with a 500 rpm of agi
then volatilized by headspace for further

analysis.
19 H-NMR Urine Each participant provided two timed 24-h urine 500 €L of wurine wer e Discriminatory ability of the models was
spectroscopy collections. Borate preservative was added to phosphate buffer and assessedbyQ2Y statistic, that is, the

the urine specimen bottles prior to collection. trimethylsilyl-(2,2,3,3-2H4)-1-propionate percent variance of the NMR data

Urine volume was measured and aliquots were (TSP) in D20. The resulting solution was explained by geographic location (north-

obtained and stored at -20 °C. then transferred into a 96-well plate and left south), using 7-fold cross-validation.
to stand for 10 min before centrifuging. The
urine specimens were analysed by 1H NMR
spectroscopy at 600 MHz

IH-MR S : proton magnetic reldMRanpe ospachnucseapy magnet ild nrkeesdo n amncuen;o FEAr | bSHYati Folms Byany®& o lamisdror m i n |

GGFI D: gas chromatography wit-MSfl gme tcbnomatbognagpét e eqreEOMMEI MECt tho mét py esdRE@ | i quid chromat
timdf |l ight mass smdatar @MBRL ;| iIlgRiii di chr omat ography with ¢tiafdem endas sNRs pSivott r satregidirDtiviel dNli gRp e n2e adri
me |l | iU#GCs :fE0 s € : ul trafast gas choiosnat o YRR i rQaepl eld R M®enri fad rtmaanhcieg hl i qu iqdi ad h eEOp thé & o garpa plhiyg h i o n
spectrometry.

eT



2. 4. Di scussi on

The systematic review identified key biomar
Bi omarkers such as CRWer@DHFI% qauredh tNGTQ@HIL | i s e
CVvVDs. Whil e biomarkers such as isoleucine, t
myristoleic acid, pal mitweraccdmmonliBDM weedi

di agnosHusrt hepemptedes demonstrated the <capal
bet ween T1DM and T2DM. The aforementioned b
range of bioliomdlcmdi mpuptlbrli ced, dried bl ood sj
saliva, serum and urine. Therefore, clinica

combination of matrices during the diagnosi s

Previous systematic reviews assessed biomar
such as bl ood, pl asmaetana0®r Kaef man ( Baldbadlbkan
200Rochhceltz&af1Q; Lynghbak®Wdelmchhol zer et al . (
Lyngbakken eatevdalews( 2d0d9)nhot consider the benct
such as finger MarlepsBambalsaéi val . (2021) and
Lamsterreg20ewvy focused on atébbogl eedi theghnaai
of Dbiomar ker s idate za0i2f,i kadu f(mBaarh baarhd Lamster, 2

With regards to biologitbmbdbstmat empaotersiexd, | & s ma
26. B Cattadl6;etLand19; Shetty, Kumar ietand St
al20& Waentg 2013). This canplbaesgpbat tosluAbd t o
|l evembsdtoring being the preferred metentod f or

al20,12). Furthermore, the circulating nature
infl ammati on, stress and damage around the
progn®ismisl arl y,, bll5o8d% dnser 8hH( @W%=e 3al so r efl
of the inflammation caused in the prognosi s
useful for disease diagnosiesnduandoeamiet abiol ch
2011) .

The upregulation of inflammatory markers suc
howe,xérn ni cal practices must consider variat:.|
Previous work showed that Dbiological sex pl a

CVDhi omar(Haetr s2a00Fpor examplet @BAK®&)Kkii dent i fi
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femahase a substantially higher median CRP |
versus 1.43Momgbler, when risk factors such
femal es waerbighetl rasVDBTf (Hdadte B2e0pQiGpgs ear c h

al so suggested that males possessed higher |
adi ponectin and | epti Kawe-WklyhegheHarn meifteanal :

20l awt 21a.9) . I ncreasedi 9l asmandleptiassoci
subcutaneous fat and the devel opment of T2D
correlation between plasma adiponectin | eve
obese and diabetic patients, wnatlhk tphaitdtemfttse
al2QqQ9 Variation in biomarker regulation h
observed i n ri sk factor/ behaviour al habit

hypcehrol eas ¢ mir @ad moking and obesity (Woodward,
are perceived as a Omandés probl eméb, with fe
whiahe often misdiagnosed as stress o0or anxi e
that females are O6protectedd against CVvVDs b
oestrogens means thael yemal escauetenmrei adgrko:

di agrdaongissgli agnosi s haredatfewritnhge rc olmpflda cati ons.

plays a role in metabolic disorders such as
prevalence 1s higher in males in comparison
hi gherdevekopifng obesity, insulin resistance
(Tramunm019). Based on this information, it

acknowl edge variati onrsatiimnbiaondarhkoew tchoinsc eing

bi ol ogical sex.

Regarding techniques ftdire deetve cetw nlgEMIEME ma rekde r
wasan extremely desirable techniqgue for t he
i ncorporation of tddhndgdmsMarsis s eefgayfl eac irtayn ge
bi omar kerrgy ntehramtiquvaaht i ty and nat urwas(nPatthter 20
frequently wused diagnostic technique, and t
specifically detect a wide etanzgl0l) of THiag gaehi le
coubédurft her I mproved through d&n ®&blinSo es andw
sensiandy spehadiamcventi onéalau Eelt SAISh,ah 2 Ghd;

Maghsoudl ou, 2016) . T VS ffroergq ucelnit n icuasaeb dopfr aG €
explained by its mmaghktredebUtifom, relsio¢chi ng

(ONO)



samples suchKa§u@aapsimaERWAal). Moreover, clii
should considefi nv@apl veidrgdnomoni ve techni gque:

and NIR spectroscopy (Bl anco and Villarroy,

2. 5. Strengths and Limitation

A key strength of the systemat isdeaedevisewnwad
type of data extracted. For data extraction,

reviewed publ iweredhedhatver i Datea by a third rev

that bias was avoided. Moreover, the applica
and CASP checklist, ensured that the over al
mai nt ainmed  al | latved er , l i mitations were stil
Fitrlsy, the reviewed studies varied in desi

Therefowaextremely difficult to make compara
published dat a. For exampl e, a range of ana
similar outcomes. The | ack of a standardi se
credheterogeneity wihédistadhieeg®swuatisabl e sar
contributed ¢ebetbg8sbvddydswhth smasidOeprwsaepl
more | i&kelg ktaclk statistically significant c

findings was not possi bl e.

2.6. Cosclusion

To maxi mise diagnostic potential, pwareyisng ho
in concentration and nature e.g. amino acid
prot édlowever, biological sex played an i mpera

and DM biomarkers and s hdauu lidhi gabgen o a ¢ k n 0 vAlnead ¢
techniques empl oyed for t he detection of
chromatographic and spectr os eMSMSc wia e c hmoisqtu €

frequently reporacecdoydaeastaondpagygihNioghet el es s,

clinical practices shoul d-dlesdk uatt i evmep It ®yihmg
as IR and NIR spectroscopyasinde whhir xli o@i ovalt h
fingernails and saliva for improved diagnost

NMM


https://pubmed.ncbi.nlm.nih.gov/?term=Kałużna-Czaplińska%20J%5BAuthor%5D

2. 7. mKeygages

CRP, GDF15 and NOTCH1 showed the ability
| sol eucine, foll owed by tyrosine and | ino
di agnosis of DM.

1T Bi ol ogi caddasesx gpi d&ycant role in the regl
bi omar ker s

T LEGMSMS s hoawecdur at e di agnosi s kwtn swatsRnogo st |

and NI R wderse rrucct i ve and economic on the ¢

T Clinical practi crescv bédhoduwlgd camplmayt ri ces f
di agnostiscucabialsi tfiiensger nai | s

NMN



Chapter t hree: |l nvestigat.
cardiovascul ar di seases an

from the perspective of t hi

This chapter investigated the C&Dat.BMskhi p
factors wer e i nvestigated through. admhenon
guestionnaire was completed by the participe
three part s, rel atesdoct @de meg rippepfhe s ty pba n tand
charactArtisttalcsaf 126 questibgnpartaefsiwamygistc @ |
age, et hnicity, educat iDoinsael a sleesv erl esp oa tt deida ki cnuc
fibrill,LtAiDcar ( ABnylogpartthydi sease, hypertensic
hypertamghiPMal ongsi de scuocnholrypop e@ri d h caésmis@cer ol
understand the relationshi pdDMleRmoedesen sr iwsekr ef
uti |l Agseeddemonstrated the highest predictive
CVDs, suggesting thdald yienarisvidluklwe raggerorOe | i
CVD than th889eyagd#i ® avas faml bweti btsgofy of
reli(gasona copiagdsDMategy)y ast, CVDs al so act
for DM, Oyldgpevedf amily history obebMsafenmber
ot her diseases

3. 1. |l ntroducti on

The presehcai ol arnids k| iffaecsttoyrlse i ncrease t he
i ndividuals to CVebs 2dli2d,/; oeGalxd 2(2Bay s mai |, Mat
and Kaabi , t02210;2 1KongModi fi able risk factors

habits that can ke a@aBaALpendho Ameadnfi abl e ri s
rel ated athad OWDYS atkotdetl/tobacco consumption,
activity, inappropriate diet, Ilipid profile
Mohmed, 20RRRi sbehapp2al,; Rdz &adi2 2 ; Re z aeita nazla.d,e h
2023) .

NM=



Semnmodi fi abl e ri sk factors ar e defined a
phar macol ogical and/or | ifestyleetn@82¢Entio
For exampl e, wor ktbhyadB@&2mdanodegalnt he rel ati on
CvDs and DM, with diabetic patients having ¢

t han-dn @arb eMoircesoover, DM has been | inked with a
rat e&€Vofpat(iGanretso 201 9) . | n enoondtirfai satb,l enorni s k f a
fact or s tbheata dcjaundntroetd uadred age, bi ol ogi cal sex,

of disease anetgmd2d) cShabakzaq) .

To understand trends in the prevalence and
i mperative to develop the knowledge of ri sk
more suscepti(Bbdettaddy seBsrch@d@2; eGl &0 8.1
Addressing such risk factors allows for t h
i nter ventpipens(.2018) suggested that the adapt
couadt as a power ful t ool for management of
Regul ar phtyisvictay, asound nutritionnsme&iglyt, m
positively influenced the risk and severity
di abetic out comes have been associated wit
exercise regi mens, reduci nmgs naol kci onhgo | € Hcaoakseut,mp 1
2018) .

To advise patientssgybé bhewi ohsermandifhabits,

understand the relationship between risk fac

ri sk fweaorepsarated i nto t-wvaon dg rcorugrisiad aepdat fi & antto
Pat treenftat ed factors included sociodemographi
application of anonymous questionnaires, t h

rel ati onDM oweCrVeDsi nvestigated in this chapter
absencwechfrel ati onghirpgs cdapt@dht sdtd edn Avyapsendi X

usedcR nmodel s. The objectives of this work w

T To identify risk factors from the select
and CVD/ di abetic cases.

T To determine the predictor values of ri sk
D M.
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T To explore the relationship between modi

exercise and smoking habits for the disse

and intervention.

T To investigate the relationships between

i n relation to CVDs and/or DM through the

.Met hods

ructured guestionnai rpeasr t wer puanndesmpt ened t b
| ati onships betweeMdMM(Apbkehdc KIohres )i anndde p\nDise
anted by g wd d toiwoarantaii criepsa n ttsi me and opport
ntempl at e guestions and refl ect on answ
terviewer/researcher. Moreover, the anony
sponder s coul d wandfiwenmo hfoemaerst by Henicgmattihse
estionnaire ldyaatlai dwaasnda rheipgphe sent ed the tar
d di abetic cases2lOdMyr.dolcther ef o-aa-d f ftercute C
l ati onships couldd skase¢det ed sir avlelohit & mehds .

2.STudy Design

e application of research questionnaires
emed astanldomg tradition that dates back |
66; Oberst, 1978). This tool all ows resear
p uloants (O06Co2pnorl,n 2d0@mpari son t o Il ntervie
estionnaires allow the collection of || ess
entification of patterns and relationship
arke, M@Od@8Vyer, guestionnaires offer sever
terviews/ observations in terms of resource
erefore, an anonymous questionnaire, whi c

emed most appropriate for researvDMVRIi sk ri sk
cteowasl uanheduded 6comorbiditieso, 6di et 6,
moki ngd 1) TabAlse detmmbestguatseéed onnairetwas sep

in sectiomé$ atpdti(smici odemogr aphi-telaaatded .i f
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tions includedndegdesgeons elgsedDo you
ired a OyesoO6 orendrdd qureswdronand uacpmems O

consider your diet? What does a nor mal n

| or eR aattieedntFact or s

section of t he guesti opagi steh owaes bsda m:
odemographic (part 1 .A) and I|lifestyle (p
|l . A: Sociodemographic

his section of the questionnaire, partic
r demographic background inelt badi oclgheyheir
al so asked questions relating to their
ation |l evel, household size, marital sta
ion consisted of eight questions.

| . B: Lifestyle Factors

part of the questionnaire aimed to coll
style in terms oA tbethalvi ofir stOamdielsaliomn
rding the participants diet, exercise al
wei ght .

(I Clinical Factors

section consisted of seven questions ar
ny medi cal condiPtaird m swepraah taslrs a | selaes® st. 0
heir family history of illness, manageme
visits to A&E or emergency doctor s. Not

of medi cines and vindmitnsesnhagdpbeadef man
al so to i ndi cate common t hemes i n medi ¢

uefncaydmi ni stration and skipping medicine

NMP



Tablle Yuestions deployed in questionnaire.

Factor Questions

Pati-ent Soci odemographic

rel ated

T What is your age?

f What is your biological sex?

T What is your ethnic background?

T Do you practice religion, i f s o, whi ch

T What is your marital status?

f What is your education | evel?

f What is your occupation?

f How many people |live at your home?

Lifestyle

1T Are you a smoker?

T I f you do smoke, wh at do you smoke?

f What is your weight?

1T Do you suffer from being overweight? |f

weight?

T What is your height?

f How active do you consider your |ifest)y

T What kind of exeirpateeB do you partic

f How many meals do you have a day?

f How healthy do you consider your diet?

1T Do you eat fast food? | f yes, how freqt
Clinica f Do you have any medi cal conditions? |f
rel ated f Do you have diabetes mellitus? Includir

specify the diagnosis duration.

T Do you take any medicines for diabetes

1 Have you been to A&E or seen an emerger

f Do have any cardiovascular disease(s)?

1 Do you take any medicines for any cardi

T I'f you have hypertension/ hypotension, ¢

f Do you have any family history of any ¢

T Do you take any medicines for other mec

T How many medicines do you take?

T How frequently do you take your medicir

T Do you skip your medicines intake for &

T Are you happy with the management of yc

NMZ



3. 22.E2 hi cal Approval and Consent

Il n compl ilahMés Wiotde of Research Practice (20
granftream LK2MUPBS,/) 0D9 AWed |Lealsanese( U@RO-EL2si ty
0104Moreqovetrheternati onal Counci l for Har mi
Requirements for Phar maceutGaamd sClfiomi ctad mahr
Standard¢é!| CRAO22/MWHIOG00d Clinical (BPMHaOct i2dd 5() 2 (
and the Data Pr ot(eLcetgiiosn aAc ton (Wb 8 0 &g n s2i0d2e5r) e
Addi tionally, al lwrpiatstte@m/@dg afadpsy o avindjé h s et
10 fingernail clippings.

3. 2.L3 st of definitions

Comorbidities are defined as the coexetstence
al2Q21). A comorbidity coexists with the 1 nc¢
consideration) over aneitn@dideg¢ud@d21)if &Ks 5Kl
factors are described as conditions or meas
probability ¢ Habkbeasee( NeXx@0 Ky i Rd M @aaasieonw
Tuliniygs Wi 20kalze@ébg) .

3. 2. 4. Data Collection

El ectcopies of the questionnaire were sent

LIJMUForensic Science community site. Potent
compl ete questionnaires electronically or in
During the design phase of questionnaires, a
The focus group consisted of healthy (n = 16

20%) . Rapport was created and mai nt(alPiameld bet
participants using a |ladirev dri ssatubsksn goinl, a g thtee d c k
areas of the research such as disease detect
all owed the participants to take control of
aiet o6, 6exerciseb6 and 6smokingdé were i dent
frequently associated with the presence of C

ensured that participants could freely give

NMT



t hediirsease suscexpperbiidnce aModr eloivfeeast yplaer t 1 ci |

asked to discuss potenti al guestions that <c
regarrdisnkg fact or.s Tonfe CGVhDesmieDsM hi ghl i ghted duri
then validated through a comparison with the

guestionnaire.

3. 2. 5. Participant Recruitment and Sel
A convenience sampling method was wutilised,
from participants that were readily avail abl
students at LJMU. The application of a conve
repsentati on was strengthened, as well as g:¢

(Gol zar, Noor and Tajik, 2022).

3.2.bntl usion and Exclusion Criteri a

Participants recruité@dyewarse ofdpdul hdiagied g &I

medi cal di agnetseirsm ocfonai ttiommyg wer e included
Moreover, participants with prior diagnosi s
CVDs and/ oanbbMereggagst octaygtr &y r oi di s m, wer e al s
and were classifidthoase @wumheal tmeyd c al di agn
DM were also included in the study sampl e. F
their consent for any reason, were excluded

3. 2..pd2ntification of Participants

A total of 126 participant ssgampil eitpanttder qqa
participant i nformation sheet, which explain
and wider societal i mplication, their rights

findings.

3. 2.P6 1 ot Study

For piloting the questionnaire, a total of 3
purpose of this study was to first identify
valuabl e responses, which providedki niaicgltr si
and di sease, as wel |l as common trends bet\

NMY



di agnosed with CVDs and/or DM. The pilot stu
use of LR models for assessing the predictiwv
CV DB M.

3. 2.DAta Analysis

Data analysis was <carried out using Micros
Categorical data was expressed as the number
the relationship between risk factors and tt
theparticipanibkéd prddsc ed®tviad u(le s, alongside ¢
intervals (Cl) of 95%, demonstrated the | i ke
certain charact eThies tpircess eamrce fodc tCovrDss. or DM w
t he depeanrdieanbtl ev and risk factors e.g. S mo Kk

independent (predictor) value (Vetter and S

extension of Iinear regression (Schober and
|l nstead of maodelelliang oanslhiipeadet ween the inde
outcome probability, the LRIl moeekedaasumashap

|l ogit of the outcome (Schober and Vetter, 20
the interceptthedl sh®®A@EqQquation

Equat l.ammaEd e | (Schober and Vetter, 2021).

,|%”‘ ® O

n

Wher e, |l og is the |l ogit or | og odds,

Pis the probability,

boi s the intercept of the | ine,

anbiis the sl ope of the |ine (Schober and Vet

NMo®



An OR valvuiesodssociated with higher odds of
the presence of di sealesugdMhadtes alno WRr vad die «

An OR of 1 indicates that the factor does no
2010). To estimate the preClwsrenudil ité®ed.ORL
values were indicative of | ow |l evels of OR p
hi gher OR precision. However, it should be n
an indifcaQR ophr eoci si on, they shwvaldesnoandedeaeo
provide a measure of statistical significanc
3. 2.V&lidity and Reliability

The supervisory team was initially asked t

guestionnaire and t herefor e Thde®t é&gunpienrevdi sior s
expressed their views on the 28 questions an

and comprehensive reflection of the research

The reliability of the questionnaire refers

a participant completing the questionnaire,

and/ or DM risk factors, should have approxim
gusetionnaire is completed (Zhang and Aryadou:
equival ence was decided as a reliable meas

responses of the questionnaire (Heale and Tw
i nvesti dhatnedt hwist r ePdesasebsed hehe reliabil it

responses made from individuals of the same

3. 3. Resul t s

3. 3.P1 1l ot Study

The pil ot study aimed to investigate the
CVDs/®Md i n8Dugpadtici pant s, who were cl assif
di agnosis) (n = 6, 20%), uwenlhaetael d htyo (OneDlsi caanl d
(n =7,Ce2B%)n = 8, 27%), di abediiabEnn == 17, 323

paticipants.
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3. 3..Detnographic Factors

Respondents included 20 females (67%) and 1
respondents rahgeyedromofl8age. The majority
40%) werei@fyeydeadrs ol d, the remainiad4g pmartic
2, 6.39%%, (n = 31,390%) ,= 325, 6387 %paasdobd (n
36. 67 %) . Four ethnic groups were accounted
Asian (n = 1, 3. 33%), LebaWhistee Afmb= (h, =23.03

3. 3..Ligestyl e Factors

Lifestyle characteristics investigated in re
smoking habits. Four specific diet types we
gluten free (n = 1, 3. 33%), hal al me3at) (n =
and |l ow salt diet (n = 1, 3.33%). The remain
to a specific diet or dietary requirement. E

with only eight responders reportingO0Tfrequ
responders, eight reported smoking cigarette

remaining 21 (70%) responders did not smoke.

3. 3..CI Bnical Factors

A total of 41 di saenads @ sn1 ¢tMiagrdhee drieocoodr dperde s sur e ( n
hyperchol egqthner=o0l6gemnila 3%) and hypertension (r
3. 3..Medicinal Factors

I n total, 80 medicines were accounted for,
Aspirin3d(é88%) ,4 foll owed by fluoxetine, furo
were all recorded three pardilé) pamwimeEe aange
vitamnnswdmPg al soThepwmostdfir equenvtiltya mmienc oDx d(er
= 13, 25%), followed by vit8mifns@ onl=(4&4, =7 3

3. 3..LR5

When applied to the LR models, the pilot stu
bet ween predictive valuesoraM.d RKdre tphespmeadi
CVDs, biological sex demonstrated the highes
that females were R1351) 9t6i%meé&d moi0e 35i6kel y t
a CVvVD. e€evYpbsoaWmM i nkddRt ¢ di.dS&B31, 9I95%560) t=hnld.cGg1
(OR = 1.094, 99%06GdX)esr OORe6O 1.4, 95%. CIF)= 0.

N NN



presence of additi onCR =meldib5c al9 b®@o €S8 i)stmodkni sh @ 3
hab{OR = 1.25, 9i56% 6@nd=r @l@R8=0n0. 138, 95% CI
T1.302The presence of disease was most str ol
those practicing a religiiéd.Re¢ingme8. 2n0r €959

no-neligious participants to have DM. Factor
0.2b26.4)0l ogi cal sex (OR =1D.39p, OHBGRNICEI t=y
2.63, ¢5®.eX64. 1), exercise (OR i=313..9)7,, nOWwbnb eQ
of meals (OR = 3.BT79. 3)5% Mmddi=c Hl. 6&Bndi ti ons

0Ora3. 2) and smoking habits 8(GR)=wkr&, ad5s%
t o DM.

3. 3.Sample for the Main Study

The collpanttioni p&ot sdbhdamain study started I
June 2P&dtici pant s wer e of di fferent nat.
soci ode mobgarcakpghrioddmider to the study, particip
study via emaitlheanpdarrnea aca ipwaend information s
guest i obnenfaoirred etchiedye d manr ttihceiiprat i on. Those whi
participate, were@ept owvinddd mes tolr talse ag pAi nt e
total of aln2tés pcaornmpilceitped t he questionnaire.

3. 3.P&at treentat ed Characteristics of Par t |

A summary of the partichpaat scddars shtd ofdoeunmodg rianp
3. Zrhese characteristics showed tha64tpeamsain
ol d, t he mai n s ex was femadheWhaneThe e otmae m
characteristics related to education, number
occupation had manVYhenmeportey obhsebke partic
i64 (n = 69, 54.8%) years ol di,24f o(lnl oowe2dlL ,b yl 6p
6584 (n20, 151.3%%)(,n 224 11, B3I KX 3(W) =and, 33 97%) )
The results demonstrated that most of the pa
60. 32A%)t.ot al of seven ethnic groups were acc
classified as WhWhel én38. 8%, (B6=5%8) of the

NN=



did not report the size of their househol d,

their household occupancy. The most frequent
= 33, 26.2%), followed by one (n = 22, 17.5%
household sizes included three (n = 4, 3.17
understand the participantédés household and
asked about their mari tal status. The most
sing¥e38n 30.16%), foll owed by married (n = 2
cohabitation (n = 6, 4.76%), divorce (n = 4,
The remaining participants (n = 49, 38.9%) d
t heK WGGoverg mgnandard Occupation Classificat:i
into six <categories, those bei-masedacardetmi rce
students and other (bartender, cleaner, fore

(El'i asrcam,d WBGLOEr. 41 (32.5%) participants rep
(39.7%) participants reported a %Wel ilgilaums (me
43, 34.1%), Catholicism (n = 1, 0.793%) and
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Tabl2ze XFoci

odemographic

character

i stics

Par ameter

n (frequct
%)

Age group (Y
184 21 (16.7)
2534 11 (8.73)
359 5 (3.97)
406 4 69 (54.8)
6 58 4 20 (15.9)
Medi an 20
I QR 121
Bi ol ogi cal S
Femal e 76 (60. 3:
Mal e 50 (39.7)
Ethnicity
Ar ab 38 (30. 1¢
Asi an 13 (10. 3:
I ndi an 2 (1.59)
Lebanese Arab 22 (17.5)
Mi ddl e Eastern Arab 3 (2.38)
Mi x ed 2 (1.59)
Whi t e 46 (36.5)
Rel i gi on
Hi ndui sm 4 (3.17)
I sl am 43 (34.1)
Ot hers (Catholicism, 3 (2.38)
Met hodi sm, wunspecified)
N o 41 (32.5)
Not reported 35 (27.8)
Mar it al stat
Cohabiting 6 (4.76)
Di vorced 4 (3.17)
Engaged 8 (6.35)
Marri ed 21 (16.7)
Singl e 38 (30. 1¢
Not reported 49 (38.9)
Educational
Bachel or és 9 (7.14)
Coll ege qualifications 6 (4.76)
Hi gh school 6 (4.76)
Master 6s 6 (4.76)
No f or mal gualifications 13 (10. 3:
PhD + 37 (29. 4)
Ot hers (HNC) 1 (0.794
Not reported 48 (38.1)
Occupation
Academic 36 (28.6)
Engineer (includiungp mdcehlhdamiic 12 (9. 52)
Heal t hcare 5 (3.97)
Labor-baeey 6 (4.76)
Retired 7 (5.56)
Student 7 (5.56)
Other (bar¢emeder,foressaiaraec 4 (3.17)
occupation)
Not reported 49 (38.9)
Househol d
Five + 5 (3.97)
Four 14 (11.1)
Three 4 (3.17)

of
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Two 33 (26. 2)
One 22 (17.5)
Not reported 48 (38.1)
Medi an 18
I QR 7. 3B3D. 25
I QR: I nterquartile range; HNC: Hi gher national certificate:
Regarding | ifestyle factors, mo s$i rpatrdri ms pafr

smoki ng, di et andHavwee \ghhet , v(dTsatb | ma j3ar3i)t.y of pa
71, 53. 4%)-s wek eesv.en a l factors were consider
participantso6 diets,-fiomdl edins g mph e odsiaentd utmbppeea
wei ght . While 11 specific diet types/ requir
partics @weptawl,t i ci pants reported two or more
participant reported practicing a mbesktéyanmeg
and when consuming meat, only hal al me at W ¢
reported,f rtehgeureen@i g rytsewde rcei eeftact ose i ntol erance
andbal anced di et Aln =palrd,i clibp.aln%)s. reported th
of exercise, with most participants (n = 69

exercise.
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Tabl3® 3ifestyle characteristics of participa
Parameter n (frequi
%)
Smoking h
Exs moker 2 (1.504
Sheesha 8 (6.015
Smoker (ci gairgdrnetst @g) e 51 (38. 3
No# moker 71 (53. 4
Passive smoker 1 (0. 752
Wei ght
Heal t hy 9 (7.14
Over weight 9 (7.14
Not reported 108 (85.°
Medi an 9
I QR 9-58. 5
Exercise
Exercise 69 (54. 8
Not active 57 (45. 2
Number of
meal s
Three 61 (48. 4
Two 10 (7.94
Two or three 17 (13.5
Not reported 38 (30.1
Medi an 27.5
I QR 15.-2%. 75
Di et
Bal anced diet 19 (15.1
Hal al food 8 (6.35
Hi gh protein 4 (3.17
Mi sses meal s 3 (2.38
Lactose intolerance 22 (26. 2
Ul tprraocessed foods 4 (3.17
Others (gluten free, high carboh 5 (3.97
vegetarian)
No specific diet 61 (48.8
Fasftood
Yes 18 (14.3
N o 108 (85.°
Il QR: I nterquartile range; n: Number of .
*Participants reported the use of mul ti-oil garseamnotkd sn,g thlaeri & fso r
tot al is higher than 126.
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val proic acid 1(33. 3

Anti histar

cetirizine HCI 3(9.38
fexofenadine HCI 4(12.5
|l oratadine 21(65. ¢
unspecified antihistamine 3(9.38
Ot hers (cinnarizine) 1(3.13
Anti muscat
i pratropium bromide 20(80)
solifenacin succinate 3(12)
Ot hers (hyoscine butylbromide, 2(8)
tiotropium bromide)
Beta bl ocl
agent **
bi soprol ol fumarate 9(81. 8
sotal ol HCI 2(18. 2
Bi guani de:
met formin HCI 14(93.°:
Ot hers (sitagliptin and metformin 1 (6.6
Cal c-cbanne
bl ockers*"?
aml odi pine besyl ate 5(62.5
perindopril erbumine with 2(25)
aml odi pine*
Others (diltiazem HCI) 1(12.5
Corticost ¢
becl ometasone with formoterol* 2(25)
fluticasone with azelastine* 4(50)
Others (fluticasone, umecl idinium 2(25)
and vilanterol *, mont el ukast)
Il nsulins,
acting®***
insulin degludec 1(33. 3
insulin glargine 1(33. 3
insulin glulisine 1(33.3
Nosteroi-d
infl ammat ¢
aspirinx*=* 7 (17.
diclofenac 11 (27.
i buprofen 22 (55)
SSRI s
cital opram 2 (28.
fluoxetine 4 (57.
Ot hers (paroxetine) 1 (14.
Ot her s
atorvastatin** 13 (8.t
bendrofl umethiazide*? 2 (1.3
betahistine di hydrochloride 2 (1.3
bromazepam 3 (1.9
clopidogrel ** 2 (1.3
fenofibrate 4 (2.6
furosemi de?** 4 (2.6
mebeverine HCI 23 (15.
omeprazol e 25 (16.
paracet amol 32 (20.
risperidone 4 (2.6
spironol actone** 2 (1.3
sul odexi de 3 (1.9
tramadol HCI 2 (1.3
Ot hers (allopurinol, bumetanide** 32 (20.
desogestrel, docetaxel , docusat e
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empagliflozin***, ethinylestradio

flupenti xol/melitracen*, glimepir
mononitrate**, jsotretinoin, i va
mesal azine, naftidrofurylpanxtadpt &.
HCI **, pseudoephedrine HCI and tr
sal but amol , simvastatin, sumatrip
vil dagliptin and metfor min* ***)

Vitamin ar
Lifestyle
Products

Bi otin 20 (8.1

Cal cium 6 (2.5

CBD oi l 3 (1.2

Col l agen 19 (8.:

Creatine monohydrate 2 (0.8

Hyaluronic acid 13 (5.°¢

Mul tivitamins 5 (2.1

Vi tamin B 2 (0.8

Vitamin C 3 (12

Vitamin D 52 (22.

Fish oi-B/ Omega 6 (2.5

Zinc 4 (1.7

Ot her (Berocca, iron, Magne B6, m11l1l (4.7

Phl ey, Phl exy vitamins, unspeci fi

vitamin B12 and vitamin B compl ex

No vitamin use 61 (26.
AF: Atri alBPH:brBielnliagtni ogm;ostatic hyperplasia; CAD: Coronary
Chronic obstructive pulmonary disease; CVDs: Cardiovascul a
Medi terranean fever; HCI : Hy dsryoncdhrloontei;d el ;QR:B S:ntlerrrgiutaarbtliel eb orv
serotonin reuptake inhibitors; T1DM: Type 1 diabetes mel |l it

*Used in combination.
** Drug used to treat CVDs.
*** Drug used to treat DM.

3.3.4. 1. Medi cal Conditions

Across the studyi%popalratcopan68 (&d no medi
remai ni ng par t4i66)i phaand sa (mme d=i &a8l, Oc(obrbd e@4)en o f
related to QGVWDis. W& )ye 2@ ated to DM. An addi
conditions (unbDM) awede tal MaADgeddreded. from t
more medi cal condi tThasm¢at =f 3&q wceéhBiolByWo) e p g

was hypercholesterolemia (n = 13, 9.35%), cl
and asthma?2% .= 5, 3.
Across the CVDs reported, hypertension demo

was record@@&) byalticiispawas . f dlhheowedi fbiyed he
di sease, which was rec®&rf@ded Boon ht Wwd Ddvc caandi orr2d
represented within the main study sampl e anc

(85%) participants, respectivel y.
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3.3.4. 2. Family History of Disease
The vast majority (n = 77, 59.7%) of partici

The | ack of response was seen for 25 (27. 1%)

3.3. 4. 3. Medi ci ne Use

A vari ety of medi cines wer e reported é
antidepressants/ antipsychotics, antimuscarin
ot her s.

3.3.4.3. Vitamin and Lifestyle Products Use
While 61 (26. 4%) participants reported no
remaining 65 respondents report endasa tvaamiin tD .

(n = 52, 22.5%), foll owed by vitamin C (n
products included biotin (n = 20, 8.66%), co
(n = 13, 5.63%).

3. 3 LR.

The results of thdabRear eAcprréegsaenithded ds e x a mi
the strongest asaydcikatfiaccn olre tamdieddlCVDs uwbd s ag
040 years old were i1817..3%)( ¥95%MeG| norle. 46 kel y
than ind8B9iyeals ®l d. Similarly, those with
122.4) times more |ikely to also have a CVD
partici panmacr bwsdiicithi eass hi gh bBhdhdgpr eholrest e
were 1.83 (95%.CR9F 01 &5 mor e lanketlhyo steo whiaty

no additional medical conditions. However, d
for age, ORr@ppueasched wanmnd fianmdi oops coul d
gener alHaszerda, 2017; 1rala, NAaviaanasl yanhd sGaosrtyi |
al so increased the |likel nORoadfoflOdévEélodpu 1I€gd
T150. 9). I nterestingly, responders that rep
to have a CVYPBlIligaouesomesponders (ORI 1= 649..08,
The high CI of religion doesi showew eands utglgeers
i ndidd &ntag not al l individual s who practiced r
hi ghlighted by the Iiteraturef egmmonsei skmb



and weight were | inketd 802ZWVDsTHAdhumkbey o

consumed by a participant daily was not asso

Akin to the prsevahenkiekelfi C&/®d of devel oping
Similarly, 4tOhoyseearasgeod dO wer e #B2@.42 D)5 % iChe s It
likely to devel op BM tylrear si mdidv.i dTangavVOp rCe s e r
demonstrated the strongest predictive capab
participants with a CVDi var4) 7t i7he d 9604 1| i=k
hav DM tWwmrrnomri pant s. Similarly, particip

e
conditioinl pyrhastamy of DM wemPe 5409 a(n5% . Gl4

Cl = 0D23%58) times more |ikely to have DM t ha
conditions or f,anridsyp.ehdWitidedyyaaifesOMiaat ed wi t h
(OR = 0.76D0,98) 29ttlhe number of meals strongl
DM. For exampl e, participants who had two me
meal s daily were 5. 967 48 .nmk)s nNdr5¢% |GM etl hy@ nt702 8|
t hose who atset etnhtr emee aclosnsai day. However, the
is low andasappreédaohed with caution. Marital

|l ow predictive capability in relati3o®4) o DI
However, it is worth noting that an i mbal anc
participants (ot =dd®l ar3i8ng %) heni r marital s t

conclusions regarding the rel pteeashbhepobedive

coul dbemodr awn.



Tabl% 3R of sociodemographic, I|ifestyle and
(n = 126) .
CVDs DM

Parameter OR 95% ClI OR 95% CI

Age 11.3 1.46-87.4 4.44 0.974-20.203

Biological sex 0.955 0.374-2.42 0.606 0.232-1.58

CVD - - 7.75 2.68-22.4

Educational level 0.044 0.005-0.378 0.044  0.005-0.38

Ethnicity 0.645 0.254-1.64 0.655  0.249-1.72

Exercise 1.64 0.650-4.14 1.59 0.607-4.14

Diet 0.786 0.312-1.98 0.759  0.291-1.98

DM 7.75 2.68-22.4 . .

Family history 10.5 0.731-150.9 3.64 0.553-23.9

Household 0.267 0.031-2.27 0.00 0.00-0.00

Marital status 0.90 0.222-3.64 0.90 0.222-3.64

Medical condition 1.83 0.665-5.03 3.19 1.071-9.50

Number of meals 0.00 0.00-0.00 5.96 0.728-48.8

Occupation 0.223 0.051-0.98 0.119  0.023-0.62

Religion 4.08 0.400-41.6 1.44 0.432-4.80

Smoke 1.51 0.600-3.81 1.15 0.441-3.02

Weight 2.29 0.169-30.9 0.438  0.032-5.93

Cl : Confidence interval s; OR: Odds ratio

3. 4 Di scussi on
The present studworplrdbvi aeidght riemtlo DMe pr ev
among the public. The cfoinnfdirdmgesdr @fi at hionems hepe
ri sk fredtcome@VDBMR sk factors such ashagét, co
BMwere strongly related to CVDs and DM. Si mi
characteristics of participants uncovered gr
il Tustration, femal es ivBer.ed)0.angds W( BDBBRI = 0
1.58) triemelsi kmwly to develop a CVD and DM t ha
3.4. 1. -rPaltdateend Characteristics
3.4.1.1 Sociodemographic Characteristics
Thi s study confirmed previous wor k i n t he
relationship between age and CVDs.-r Ksk (@02
individuals aged O 70 years old to CVDs, p a
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mi
t h
ol
Fu

Il ng age as a predicteaetvealrQilslk fwaacst arb,l eHetiod &
the year 2030, 27 million people wild.l h a
Il I'i on strokeHRBECh sttharngd nmoi, | IPiamre ni and Cosel
e hiegthd sgdatch, this study demonsit8rdatyed rtsh at
d) were more |likely to have &a3VpPeahanolyad
nctional changes in ageing adul t ssdy shteocalritcs
sfunction and electrical dysfunction, both
eval dAffcreH{ fRod geear @01 899ei ng was also Iinked

proinflammator YCRPamk et e moswrchnealsT@®BE) s f ac

(Mesclkitamrai0l.7)Such markers contribute to car

bi
t h
fe
S
to
e X
s a
Ga
ad
No
un
s u
t a
t h
ma
i d

gni ficant extracellul ar matri X ( ECM) re
tall oproteinase (MMP) and tissue inhibitor
vel s ar e frequentégseadssoacl hagen t depionsci ti
vel opment of cardi ac hyperéero@yl7and Theb
orementioned structural changes of ten | e
rticipaptsa@Maxitos

th regards to the sampl we ple pnukleadt iton, t hCev Dfs
ol ogical sex. Whil e CVDs have historicall
ey are the |l eading cause of mortality and
mal e pategiietnt 20 2(%E1 O, 2025W0r k bgt GahB234)
ggested that the prevalence of CVDs withirt
mal e gender expressivity ( MGE) . Preval e
pectations, noronis sanred ewdlywpa < al mal e behayv
id to shape the brRawvwyouR0600D; m&hés apBo Wi | |
I, 202 2; Stanal and;Pi @Ga&ist, h&r028n0d ®@a&s amaresu
opt ri sk factor behaviours such as smoki
net hel es s, the presence e&fd, CUDdeirsgdi asgnese
dertreated in females (Burgess, 2022). The
ggest that males are morre fldrkell ggs,t oc amrtaeni &h
ken when carrying out diagnostic assignme:!
e varying biological mechani sms rel ated
ni festation of CVDs (Clayton ande pGaiuognh,

entified within the I|iterature is the prc
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related to sex. Thus, while oestrogen does a
CVDs such as at hleHrs cpreegmesn sp aannda | femal es,
post menopausal femal es (Cl aywt on aasbdthin@aairgd , y
Del | es, 2 6Z2a0g;r oRed&ki taznd Kar ari gas, 2017) . No n
bet ween oestrogen and CVD protection can be
participantsd chaFoactexample, dae¢waer al (n =
participantsrei oh QGQ¥bDggowsal they did not hawv
| evel of oestrogen for CVvbD protection. S
premenopausal femal es have greater skeletal
hi gher stimulated insulin secarket i20n2 1(-G oKoasuste:
Willer, Harreiter and Pacini, 2016) . 1Hence,
values than males and are typically protect
females from DM is reduced during tdreitrhegost
participants within the study.

3.4.1. 2 Lifestyle Characteristics

The LR model indicated a weak relationship b
The | ow OR value for dicetubelnatéelrabuberdt boC¥
diet styles. Therefore, there was no specifi
t han anot her category. Di et styl es i ncl udi

onsumption have been found tof pdisseavel yCu

n

cientific research makes evident t h-at We s

c
s
packaged efdoondesat ,r refined grains,prprrcescsssdgded
f

ood/ snacks have been |inked to excessive p
and with the 4 a&addamman oofy aiy®utkii@rerséafl D@nova
Hy2002; ©kad®l8; Vietc omd3i,0siCeats a1 8) suggest
that dietary intervention through a better

(

can act as an effective preventi@a@017pr alC¥®

demonstrated the positive i mpact of di et [
Studies have found a close | ink between a hi
rel ati on to TeDMapRAgss &Kihmit i b, 2004 ; Ludwi
Gort maker, 2001) . Hal al me at has al so been

¢

i mroved medical owttc@am@g) (Cahuascbhe presenc

may not act as a causation for CVDs and/or D

N=T1



Il n i ndividuals that provided an indication o
the relatiormehimmgebweivgphie samdies ecafse was exami
Whil e weight predicted both CVDs and DM, a S
was observed. Obesity, which is c¢classified

compl ex pat hogenesi s rel ated t o olmi el ogn & al
envi r onfneecnttoarls ( Fr an k2s0 lgBed r Mca®aa0tl 8y, Loos, 20

Sal l i s naznd 2029 ; etSo@mBgrn Moreover, obesity
heterogeneity in pathways and mechanism t ha
out comes (eltaald®e efafs e2ad3dt , God o en and Heymsf
2018 hrough prolonged excess calorie intake,

|l i mited storage capacity of adipose tissue f

of circulating free fatty acids occurnsas we
t hat play i mperative roles in metabolic reg
skel et al mued!| a9 2¢gWel Ihe | ipotoxicity of f a

infl ammation, oxi datmevteabsalriecs sd (aside mgsuydsat teWei Incc
nd Rehman, 2022024Nel shhepefiodgemajtyr ri sk f ac
ver al chronic di seases i ncluding CVDs, p
sease and multiple eypadzsdY. camcehse (Wsks
besity 1s both directHBor aedampndei,r eecXdes siinv
dsceendot heyshlunctabongmadeke vessel remodel
cardi omyohAyta atdeulotscl eroti c CHDdr rivhgyd dismp ast, |
cardiomyopathy dird ac en gpersiPraovwiid Id e y anz21) .

Furthermore, obesity contributes to other ¢

dysl i pidaemia and chronic kidney disease (Kh

The relationship between obesity and di sease
also for frequent exercise. The LRidnotel s i
frequently take part in exercise ofr physic
CvDBM than those who frequently took part ir
confirmed by the I|iterature which provided
relationship between physical activity and
factdrges,i dae cl inical eend@d0pR@)nt MoflReVvRY , Ny s |
Bhatnagar (2018) made evident t he rel ati on

characterised by | ow | eveCVW eafl tphhy dinc &lo na ¢ tais

N=P



exercise and poygsitcaleltdei mpiatky and preval ence
CVDs (Paf feetn bha®r8g6e;r Nystori ak and Bhatnagar,

death rates among females and males have be
cardiorespiratory fitness |l evel s, even in
including smoking ard MHM®®&r | iNyesntioar i (aBkl aai nrd

2018). Additionally, increased | evels of fit
the i ncreesasoefd OGVabt mort al ity thBMbarebassbygi @l
et a0 , Nystoriak and Bhaéenazz®md2) 203i8mi ISdrelvye,r
|l i pid accumulation surrounding key organs c a
and insulin reskest@amd®d ) ( Voadhawqgt zt he wuse of

favourably i mpacts gl egtcazlnie;, dodnetaflcityB ; ( Spkedar
et 22023) .

The predictive capability obMswmagki agnfaisr medi
the |iteratur-anallfynsdeta g OndeSt)a was abl e to de
among-smmorker s, those ekpodedmbesweordl. 23 t

|l i kely to develop CHD ¢ th az0 2t4h)o.s eT huen eiknpcerkeeads e
has been attributed to adrenergic ebsfacts <c
increased coronary microvascular resistance,
insulin senseti202¢) (Gahl sicmil ar fashion, tF
al so associated with DM. Cigdr et t &c Ibdtothkidn ¢gh,a
endot hel i al dysfunction and vascul ar damage
A systematic review @aNQi7éddemonlsy rWitleldi t hat
1.44 (Cill.=58). 1t3i mes more | i kelymokedesvelSompmiT?2
Pamt (@420Q015) found that smokeéerns 489r ¢ i InedF7 mo9 =
to have T2D8Mmokeams nodhto dae2rQilcok) went as far to
relationship bet wereenl astneadk immogratbad tiit& Ms nva kt ehr sd ik
1.48 (95% iC1. 64)1.t3idmes morcauadat moskalfiory att
smoker s. Thus, it i's not uncommon for smoKk:eée

alongside other respiratory diseases sxuch as:s

(COPD) , interstitial l ung disease and | ung c
202 Reseabyx hManegtong2002) al so suggested that
l i kely to adopt poor | ifestyles such as a po

alow intake of fibre and a high enth&®8;0f f .
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Mor abia, Bernst2000anNoAeaet p2nda2dde)h. Empi ri cal e
al so highlighted tehdanh ade§eatet haweqil taidkna |

hi gher risk of CVD deetell@d3®n8e n tN o(rDeaul zladhdigeehv i | |
Staméterh997) .

3.4. 2. Clinical Characteristic

Comor bs daatsgseoci ated with complex clinical ma
costspaoh@al th outcomes (Brown and TEBhoradt.ei n
2009). As highlamgal,edt ey ntahne €CE¥&d md ri mindiotfi e s
common. Beutddasalde, 9) made apparent that the mos
HF wasaPd®troke was CelD 2@B3)d.e kTeh i ksi gvolrikg latl esa

no-@Vcomorbidities including back/ neck probl e
and ostedhuddeddaa®G) Research bgt Radomzna) e
evideent comorbidities related to DM includir

di sease. Moreover, (tihias mpPoDeamam odmadeietinaltesdd I
additional c o mo DIKiadnidt iheysp eirnocslmuod ianrg hyper gl yc
(Raymana022). Wi thin the sample popul ati on,
and/ or DM areguewnftfegrédom high cholesterol a
presence of the aforementioned comorbidities
on several occasions within the let exdat2ur e (
Ohi shi, 2018) . Among CVD ri shka#tdaet osrtsr,o nlgieg
evidence for causation and prevalence of exp
(201
il stration, t hiesntwo rwkweshhdosMe dl t kealty padi suff

u
artery resistance caused by vascul ar remod e
s

8) demonstrated the close |link between

pressure) and increase body fluid vol ume, wh

induced hyperinsulinemia and hyperglycaemia

A close relationship was al so observed bet we

being more |ikely to also sufferefr@»»1DM and
indicated that aofse@gihthi camdemambwseoei atl sd
rel ateeadcr ovascul ar and microvascul HEPAD mpl i c
and stroke. CVDs are the main cause of morbi

N=T



(Wareg a0 hf. For exampl e, individual s with Tz
cardiac event 15 hyossaet i oerd r IxiMe GaBOG&HRI t Oor s such

as autonomi c neuropathy, endot hel i al dysfu
oxi dative stress, commonly found in diabet
devel opment of &€tvDaoiMat hBiumi | arl vy, hypert e
prevalent in both T1DM and T2DM, with a pre\

( Mat heetu a0 3) .

The relationship between family history of

confirmed through the | ietr@dQuz3). swggesktaep |
parent al hi story of CVDs conferred a greate:l
Moreover ,etLe@2a0r2dda) further confirmed a rel at.i
family history of CVDs. Similarly, research
acted asnodi hoable risk factor for BM. aTa ,i |
(201@d@ygemevident that individuals that have ¢
werei 42 ti mes more |ikely to develop T2DM tha
Al raehe@2023) also indicated family history

amongst a sample of 713 participants, t hat

hi gher amongst participants with a family hi

3.5. Strengths and Weaknesses

A key strength of this study was that dat a
di agnosed with CVDs and/ or DM by trained h

experiences i n t er ms of comorbidities, me
management weféebtghéyof CVD/ DM cases. Mor e
study increased the awareness of CVD/ DM ri sk
for medi cal i ntervention. Thus, this wor k
practitioners, resear c hlesr/sDMa nadn siunipf reavee d d
management and outcomes. Mor eover, data gat
createfdescstti ve healthcare interventions suct

and smoking cessation schemes.

The first |l i mitation of this research was th

al so worth noting that certain questions r ¢
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esponse rates. This may be attributed to ¢ty

di d not know their speci fic hei ght/ wei ght

uncomfortable decl aring t his i nformati on.

guesti onenrael rmasdew anonymous i n an attempt to

form of discomfort. As data was only taken f
be taken when interpreting thelmgeaediali sabi
set éportonmaieseées can pose risks for response
a participant providing inaccurate answers

response bias include soci al desirability bi
perceivedrmociahdnbohe Hawthorne effect, whi
favourably to the researcher ( McCamdbtrialge, !
2023). Thus, i n the case of this work, part|
heir currencdhadsen tsoeydesamidbe it in a posit
diet or no specific diet type. However, t he
anonymity, the |ikelihood of biased results
urther mor e, it i s i mportant to consider t
emonstrated, a high number of responders we
the sample represented only a small number o
the ideaeafch informed teaching, whereby, re
cont ent -RiJcohsadrpd2a0 2 1) . Therefore, academics,
out their own research, are more | ikely to
several soccaeaessipoonders also chose not to repor
education, household size, mar it al status a
reason for missing responses can be attribu
about senoirtifeardataof how datet v0I2l1 )be Thd e
is not only seen for research, which has pub
I n the age of di gital i nterconnectivity, t !
become siinncgr esai gni ficant. A digital footprint
internet, online purchases, shared mul ti medi
2024). Concerns for protecting digital footop
oppamrittu es, job prospects and soci al i nt er ac!

a uni que opportunity for t he promoti on of
aut hors/ publishers to rdasataid awiORedr) .a ulthieared e

N=®



is |ikely that ©participants were more cauti

|l ow response rates of certain questions. Mi
pl ausibility of conclusions but can al so we.
no-nesponse rates are high in certain groups,
i s not plausible. Thus, bias can be introdu«
representation and statical significanee (Ch
rates observed within this study did not <co
ethnicity. Hence, statical analysis and find
3.6. Conclusions

This chapter identi fi endo dsiefviearbal l-enondonddii failwerbel er, i
factors | ealDMngThe &WOsementioned risk fact
sections, namel vy, soci odemogt#edhhitce,d If iafce 0
Sociodemographic factors | eading to CVDs an
educational l evel, et hmreil ¢ igti yo,n, hanag e t @ll d sgiaz

Lifestyle factors cfoonpd i seds wWmpgetti oann,d efxaesrtc i
meal s, smoki ngeihgahbti .t sFiamadl | vy, clinical char
presence of additional medi c/BM) co@QdDbDtdioagnd ¢

DM diagnosis, family history of disease, med

LR models were produced to confirm the predi

including age, family history of CVDs, relig

the highest predictability for CVDs. Il n ik
presence of additional medi cal conditions shc
wi t h DM. Il n sever al cases, findings were con
the results found in this study were not un
ensuring generalisability to 8Kanheér éebaondn.C
Mor eover, the confirmation of such risk faci
intervention. This research made =evident t h
smoki ng, i nfrequent exercise and pomprdvet s,
di sease manifestation and outcomes.

As descr i-tbeerdiedo y@2ad 2 4) , CVDs are commonly per

(@)

di sease This misconcept-dioag ncoosnitsr i dmud esr ¢ &
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3.

emales on a gl obabtataben(Se2nheAark Diagnosi s
s not often clear, due to the different anc
ompari son tHa mmeatl| e2s0 2(4Al. For exampl e, It i s
emal es suffering with(adMidepmgoermatr datay pii od la
uch as abdominal pai n, back/ neck pain, dy
nexplained fatigue (Eastwood and Doering,
ontrast enmdadl epl afyt typi cal symptoms includin
ecogni sed by doctors. As a result, females
nderagnosed (Brewer, Svati kov and Mul vagh,
010). A deloafy edi aogrn olsacsk can be detri ment al
owever, the findings of this chapter demons
nd urges for a greater | evel of care and c
il agnosi s process.

he disparity between previous research and
ompl exi ty of a patient, I n t er ms of SOC|
haracteristics, urges for the devel opment o
p atcieenmntr ed approach, the management of ch

mproved tl ®dll@oghi Thus, <clinical practices s

ever al o f the patientédés <characteristics al
i seasebi Aactioon of ri sk factors such as etfh
moking habits can not only provide aid duri

di seaset mabhagepmemhe (Ebmpbkerity
en encapsul ates sever al factors

|l i festyle characteristics such a

nsight into
thnicity ev
urn i mpact
011; Hama®l1l8g) .

7. Key Messages

1T The gquest
ri sk fact

f actaommdsr e

ionnaire reveoadligd amdo @iofdinalb laemines
ors that were categorised as so
present faonrd bsoeavbeertailc QovaDr t i ci pan

NON
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T

LR models demonstrated the predictive <ce
i ncluding age, bi ol ogi cal sex, presence
smoking and | ack of phM.si cal activity for
Age, family history, religion and the pr
predictive capabilities for the developm
age, family history, the presence of coim
showed the hi gchaepsatb iplrietdyi cftoirv eD M.

Medi cal intervention including cessation

nutritional diets can aid in disease mana

NO=



Chaet four : Eval uati on
spectroscopy as a di agnc

cardiovascul ar di seases an:i

The objective of this fehaspthkamasmpe otf 0 dexewlpyr e
detierd Ca&/mdoDM i n i Mdeewonraki | saihlainsgddédeél d Raman
spectremei epped with 830 Rmngeseni Wavwakeeregmba
glass vials wirtecradunle@eady ngraegs confirmed the
spectroscopgndmomgednectuesctconstituents i1includin;
cystine, tyrosine, d tnc .t)h,i sl hepei gdosee saenndc tep r coft ed i
influenaemant metRvity of enidnogteenromuss ocfo nRsatmatnu &
CVDDMor CoviDabfetmgeshawéd | owent Bamahi es compeé

heal t hy fThgiemfgpain Raimasnd aomaisvityrther infl ue
confounding fageor i slbobi aal sex and ethnici
was al so succesdifudnaaleatdat ebctomar kers. Speci

bi omarkers were i-@Gemntarns edomftondmaBi-® @t)r,anlsl 29
conformati omhland3al démor matti(Cr)C asndaetdE®l ng)
were attributed to the presence of gl ucose
respec(tAtvkeitnysa0 1 MLAsncl| CANShandwe@Gduccessful i
perfosminedqr ohaagsi f if ¢ angaeicins odf heal thy, CVD,
DMy espectively

4. 1 ntroduction

Raman spectroscagpyrabhace sheiwm i aodg n obsrcesanscte r
(Cereto 201 5; dan@da@2R8ar gits 2021 ; P-Mo h @&t d oa |
2007), caengoeShali k h, Dani el angdt LMPP)a,2t0r2i3¢ W
canceret(laildy ostahdArrteeyezad2]1; eGabzald 22

Medi peatl Pa@d 1 7 ) c alnrdgit 2208 , Z heatn gad9d , a n dc asnkci enr
(Auredr 201Br at c heetn k@ 2 2 ; Bratch®g i cCtsono €& h
al2.0,02 Kengal0lh
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I n these studies, Raman has been used both

| abell ed mode, Raman was able to give specif
or absent in specific di sdaxres . Ramrnabtee noitdhe
bi oil oal matrices (fluids or tissues) and cha
di se&8sbsequently, this chapter builds on pre
as a det dotri cCrv DtsoTdlred chM.pt er daoddl ewsead tolbg ec

T To deter mi ne whetphreacesgeéeagr awaspriemper at
I nterpretation of Raman spectr a.
T To explore abeioiatmaeal t DMan@ADBli abet i c

fingernail s.
To i depectyal bands dciosreraessep osnpdei cnigf itco bi o me
To investigate the dreenogtriaprms lti pc (Hapadawd enm |

bi ol ogi cal s}k x aRaadnda ne tahcrtii cuigteyy naf | s

T To classify healthy versus CVD and/ or DM
ML As .

4. Met hods and Materi al s

4. 2. Material s

Fingernails samples were collected by -the pa
10 finger ndielt adllisppiemgas di ng the number of f
di mensions can be found in Appeé&ndnlLx YBVR.s sFi ng
vials priomantveranahegsi straeahsbhdrozkg@dwthamng s
measu(r®ead / 100 x 137 mm).

Fingernail sets were co(ld6ett pdaghegds ho e7t 2w epeanr tti
agesi 838 yeaParovl di pahtsemare (n = 47, 65. 8 %)
34. Bs%¥xndour ethniEt gnoicopgddddapls (n = 31, 43. 1¢
(n = 4, 5.56 %) , Lebanese Arab (n =0flA4t, helsfe 47

particl@@rbtws,r e di agnosed with a CVD includi
83%B, AF H.N%pB, 1CAD= 1,amhd 5w pecified heart ¢
5. %pl n addi @Bi 8@8p)rstiixci pants hTaldDW®M=i B¢l 381 B §o
and2DMn = 4, 66.7 %) .
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4 . 2. Il nstrumentati on

The Agilent Resolve Raman spectrometer (Agil
was equipped with an 830 nm | aser excitation
of 475 mW 1 Fhgucédoden wavelength was 830 nm
avoid fluofeeneroaeountered i(mGobideoli dyilcBadl. s a

Moreover, the choice of handhel d spectromete
(2.2 kg), | omg hmaitrtser,y alnidf o4 abil ity (di mer
x 155 mm) . Subsequentl vy, such technique wou

d fferent settings sudiheas nBospimealts uamndi csleid]

operation, those being: through barrier sca
shoot Raman) and vi al hol der modei.nvlahsei VRed syo
me a surmatse hiralugh packaging. Hence samples we
in cl darckedp bags. Three adaptor tools were
pointer, uni ver sal tabl et hol der and the vi
contact was malde fainmgetrhnaati | was fl at agains
pointer tool was utilised. Raman spacdd a we.
cm SORS mode was utilised and allowed infor
|l ayers (ventat &l ,anidn tdeorrmead i) to be coll ected

potenti al e MaatODoOwE)le&k fi ngernails measured in
bet weeril0413 mm in depth.

NOP
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wwoe  Haewecesoond )

us sy QD Mg moae]

Figul.e Tdhhe Agil ent Resolve Raman spectromet el
wavelengt h.

4. 2M8t hod

Fingernail s wehrreo ungeha spuworleydet hyl ene bags, whic
spectrometerdés pointer tool. I f f iknrgieerfnlayi |isn
acetone prior st WA mekqdwruermpdinted whays Ageinltdnyt )pl a
over the samplentterpeeteaeancei tbementduringht

measur ement s

For optimisation of spectral number ,andte equ
showed no significant difference between 20
pur posEeqsuatl) oRi g2ur € Jée, 2007) .
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Equat l.onE®@ual frequency ellipse.

N

%N OAI AFOANOA+FAW A1 ] EPOA

Where, f is frequency,

N is the number of sampl es.

Equal frequency ellipse

The length of the major axis is proportional to: 3“ :Z :;; Fap,n-2)
n Foosen-2 J8=Ur, .
\'(n-2)

4 19.00 5.339

5 9.552 3.569

6 6.944 2.946

10 4.459 2.240

20 3.565 1.937

00 2.996 15731
Figuk.e BHHqual frequency ellipses (Jee, 2007).
Post measurement, spectra of sadomupllds iwmerne ume

l' i brary and tthtteepvahuoues mhAtches were recorde
basedahanr qual ity tihmdex n(HQrn i ndicated the
test spectrum alMdreobearysppettanawere then e
to Microsolffdaangx®™MAMRAB9a for additional spec
application of MLAs.

4. 2.Shectr-Rio®Pe®sing

Focompari son of pmbrestsed vdat-mnrecesirmd meateh
were util i 9SS, ISMNVI, u dilhiggnBy eD 24 .

NOT
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FiguBe Untreated versus treated Raman spectra. (adPlRaw dhra BdNfVe 3 p e
MSC, (D1 MaSnCd (2 nveSaCsur ed using the Agilent Resolve Raman equi pp
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4, 2.Qual i tative Anal ysis

For qualitative analysi s, the following MLA
three variations within the SOMs were expect
properties, fingernailds water content and 1

SOM waampspl i ed and 100 epochs trained.

4. Results and Discussion

Raman spectroscopy succeddsdwldrnwydaoagemdud ieand
and bi omar kecygsti emichnar,di o g,sttri ynpet,,0 ptoygrhooscihireo me

cytochrome C Ringdeagsbeussbosaes. | BS and high chol e
CVDs and/ or DM, di srupted the healthy activi

cysteine and cystine.

4. 3. Raman Signature of Fingernails

Raman signature shhdwefdi nlgamaai lco rernedsopgoemdoi unsg

constituents such as amino aci ds.,1 4appd ds

(Kour k oautmedQil@l;, sEd klaanes 2012; dowh®Q7; Wi dj aj e
Lim and An, 2008)

Key bands relating to aminoSasidst ovleirSeg ) ,d e & :
stretching), 750 (symmetric breathing), 8 2 €
bending), 1002 s(tareotntahtiiqcd eCnldl 8Ad( ng) and 11°
(& stretching) and were associated with cys
phenyl al anine, respect 2a0eBy EKoBRORFIumeVi d$ aj ¢
Lim and An, 2008) . Protein was ildendt ivased

attri bu@stdr dtoc ICi n gC stkred ted hnil n C a ndde fnoert rhaytl ieonre,
respectively etK@adil®bsas@ehlaanas 2a012,; ceowlaer |,

2007; Widjaja, Lim and An, 2008). The protei
cmcould be attfimgaeidd ptlaattelds keratin. Wi t h
scleroprotein exkst sthiars tphe sfeaitmasf bot h har

NOO®



rati o

aci ds

Chdeformdaswaeh ( 201 9Dt sES klaanes

of 8: 2,

respadtlifvebyn®Ba@8wameci fied
qrc hloil pisd e ollgc at eta nadt wedrde8 actmt r i but ed

a012) .

Addi t

nm

f e
t

i C

ac

constituents were identifiedaC=0566n@dNhRg)pea
corresponded to amide |I1, ami de | andetcol |
al201@l;sEs klaanaes 2012) .
TablX® 4&Hpectral interpretation of fingernail
Raman spectrometer equipped with an 830

Band Functional group Association Reference

(cm™)

512 S-S stretching Sulphide, disulphide bridges and  Kourkoumelis et al., 2018 Towler et

cystine al., 2007
522 S-S stretching Cystine Kourkoumelis et al., 2018
647 C-S stretching Cystine and cysteine residues Kourkoumelis et al., 2018
750 Symmetric breathing Tryptophan Widjaja, Lim and An, 2008
828 Aliphatic CCH bending  Tyrosine Kourkoumelis et al., 2018
847 C-C stretching Proteins Kourkoumelis et al., 2018
CCH bending Tryptophan
855 C-C stretching Hydroxyproline Kourkoumelis et al., 2018
CCH bending Tryptophan
937 Skeletal C-C stretching  Tyrosine Widjaja, Lim and An, 2008
1002 Aromatic C-C- Phenylalanine Kourkoumelis et al., 2018
stretching
1032 In-plane C-H bending Phenylalanine Widjaja, Lim and An, 2008.
1126 C-methyl stretching Valine Birech et al., 2017.
1127 C-OH and C-O-H Glucose Birech et al., 2017.
stretching
1128 Skeletal C-C, trans Cytochrome B Horiue et al., 2020.
conformation
1172 C-C stretching Tyrosine Kourkoumelis et al., 2018.
1207 C-CeHs stretching Tyrosine and phenylalanine Kourkoumelis et al., 2018.
1243 NH bending, CN Amide Il, proteins and leucine Widjaja, Lim and An, 2008.
stretching
1300 CH deformation Leucine and glucose Birech et al., 2017.
1337 CH3CH2 twisting Cytochrome C Manago, Zito and De Luca, 2018.
1448 Methylene CH:2 Lipids and proteins OlsztyEs kJanus et al., 2012.
deformation Towler et al., 2007.
1547 NH bending Amide Il Kourkoumelis et al., 2018.
C-N stretching Tryptophan
1580 C-N stretching Amide I Surmacki et al., 2018.
N-H bending Protein
1591 Olefinic C-C stretching  Isoleucine, cytochrome C Widjaja, Lim and An, 2008.
1608 In-plane C=C bending Phenylalanine and tyrosine Widjaja, Lim and An, 2008.
1657 C=0 bending Amide I, collagen type 1 and OlsztyEs kJanus et al., 2012.

protein

NTTM



Tabl2e #&requency of Raman bandsnpeaséehty CWwRigemddhy diogakethiabébl ae)
(black) fingernails measured using the Agilent Resolve Raman Spe:¢

Band positHhion (cm

Parti
nt
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MWS 4 0

MWS 4 1

MWS 4 2

MWS 4 3

MWS 4 4

MWS 4 5

MWS 4 6

MWS 4 7

MWS 4 8

MWS 4 9

MWS 5 0

MWS5 1

MWS 5 2

MWS 5 3

MWS 5 4

MWS 5 5

MWS 5 6

MWS 5 7

MWS 5 8

MWS 5 9

MWS 6 0

MWS 6 1
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4. 3. 2pectral Quality

Spectralwadgualni tpyer f or med t oacdteitveirtnyg eoefn aima ni
absence/ presence of disease (Table 4.3). The
number of bands, wiha1l h( meadigend =Hirlognh) .1lI2QIRN ge 1B &
set MWS5 7, showed the highest numbernk8of b a
di spl ayedbsatrhdkes (n = 12). The additional band
included 827, 1088d awdrd2a86t cimbuted to tyro
bendi npgl,an#in 6Gendi ngC aentdc hC ng) and p-Ceblsn y | al a
stretching) gtKkéaaldrliBqu e Idijsaj a, Ohmsa&ndakhrd,s 2Ea
not seéMES5B8Bhat indicategphtemgl abseanoe ueeihd ot yr
CVD (eHu=za023).

The second parameter was maximum band intensity, which varied amongst the

fingernails and was in the range of 734.96 i 22993.46 arbitrary units (median =

1680.63 arbitrary units, IQR = 1275.35 7 2105.79 arbitrary units). Set MWS25
demonstrated the lowest band intensity of 734.96 arbitrary units, whereas set MWS22

showed the highest band intensity of 22993.46 arbitrary units. Fingernail sets
demonstrated band positions between 14457 1451 cm™ (median = 1449 cm™, IQR =

1448 i 1449 cm™), which were associated with methylene CH2 deformation (Chiriac

et al., 2021; Towler et al., 2007; Sihota et al., 2019). An outlier was observed within

spectra of set MWS5, which presented a maximum band position of 1297 cm™. This

region has previously been associated with C-H deformation and amide Il (Chiriac et

al., 2021). It was also suggested that bands present between 1206 i 1305 cm™ were
evidence of tissue degradation caused by ci
chemical and physical structure, a risk factor reported by participant MWS5, who

reported smoking 2 7 8 cigarettes a day.

The third parameter was signal-to-noise (S/N) and ranged from 12.64 7 129 (median

= 46.05, IQR = 32.58 i 60.13). The lowest S/N ratio was observed in set MWS58,

whereas fingernail set MWS47 demonstrated the highest S/N (median = 46.05, IQR =

32.5626 i 60.125). The variability of S/N ratio across the fingernail sets could be

explained through the hydration of the participant and fingernails prior to sampling. For

example, conditions such as hypertension and hyperthyroidism have been associated

with dry brittle fingernails (Rosenberg and Lipner, 2022; Stern et al., 2007). This was

NTTP



the case for participant MWS47, who reported the presence of the highlighted
conditions (hypertension and hyperthyroidism) and therefore was more susceptible to
dehydrated brittle nails. Lower Raman activity of water present within the fingernalil
produced less interference and a higher Raman signal (Kim, Byun and Lee, 2017).
Overall, fingernails produced either a strong (n = 33, 45.8%), medium (n = 36, 50%)

or weak (n = 3, 4.2%) Raman activity.

Tabl3&Sodectr al gual ity of fiogkbea@Vhg, diakkat if
and @VMmbetic participants measured usi ng

spectrometer equipped with an 830 nm | aser

Fingernail Set N Band Intensity Band positions  S/N Raman activity
(Arbitrary units) (cm™)
MWS1 14 1472.07 1448 56.5 M
MWS2 16 857.17 1449 26.0 M
MWS3 19 1277.62 1449 64.5 S
MWS4 17 1758.35 1448 59.5 S
MWS5 19 855.23 1297 23.0 W
MWS6 15 1105.59 1447 36.3 M
MWS7 16 1027.50 1446 33.3 M
MWS8 13 1162.52 1447 38.0 M
MWS9 14 808.97 1447 22.0 W
MWS10 14 1273.78 1450 27.3 M
MWS11 15 1766.44 1448 40.0 M
MWS12 14 2120.83 1449 97.0 M
MWS13 14 2198.45 1449 100.0 M
MWS14 19 1650.05 1451 37.7 M
MWS15 17 1227.94 1448 35.0 M
MWS16 16 1199.98 1449 51.5 S
MWS17 15 1718.23 1447 59.0 M
MWS18 16 1630.58 1449 56.5 S
MWS19 16 1753.09 1448 60.5 S
MWS20 18 2233.85 1449 102.0 S
MWS21 16 1904.40 1449 43.7 S
MWS22 16 22993.46 1449 1050 S
MWS23 17 1877.34 1449 43.0 S
MWS24 18 2121.93 1451 98.0 S
MWS25 16 734.96 1448 19.2 M
MWS26 18 827.68 1449 19.0 M
MWS27 18 1099.31 1447 25.5 M
MWS28 16 1785.24 1449 60.5 S
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MWS29
MWS30
MWS31
MWS32
MWS33
MWS34
MWS35
MWS36
MWS37
MWS38
MWS39
MWS40
MWS41
MWS42
MWS43
MWS44
MWS45
MWS46
MWS47
MWS48
MWS49
MWS50
MWS51
MWS52
MWS53
MWS54
MWS55
MWS56
MWS57
MWS58
MWS59
MWS60
MWS61
MWS62
MWS63
MWS64
MWS65
MWS66
MWS67
MWS68
MWS69
MWS70
MWS71

16
17
17
17
16
18
19
15
17
18
20
16
15
18
18
18
18
19
16
16
17
18
16
17
19
18
18
20
21
12
19
19
16
21
15
19
18
18
17
18
18
16
17

2156.41
1994.24
1637.34
2253.08
1675.62
2865.29
2165.62
2154.76
1969.27
1911.37

935.32
1580.33
2927.14
2392.21
1567.71
1972.60
1685.64
1466.16
1894.50
2094.82
2316.45
1703.26
1570.73
2321.02
2212.09
1665.90
1499.99
1798.73
1352.79

886.45
1177.70
1465.33
2998.03
1212.64

811.59
1335.56
1388.61
2268.28
2234.97
2082.96
1275.87
2100.77
1490.50

1448
1446
1449
1449
1448
1450
1449
1449
1448
1449
1448
1448
1450
1450
1449
1449
1449
1450
1449
1449
1450
1448
1447
1449
1449
1448
1449
1449
1448
1445
1447
1449
1449
1449
1448
1445
1449
1448
1449
1449
1448
1449
1449

24.8
55.0
253
515
56.5
114.0
97.0
49.0
64.0
44.0
26.5
60.0
111.0
55.0
30.0
36.0
58.0
28.0
129.0
47.5
50.5
39.0
40.0
53.0
50.5
285
38.3
62.0
28.8
12.6
26.8
44.6
68.5
39.0
24.4
65.5
34.0
62.0
61.5
57.0
31.3
57.5
44.0
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MWS72 21 1171.64 1447 33.0 M

M: Medi um; N : number of bioadsse dl dSk@BrayeagdSs dNat tserginmd i n t |
of3502, 00

Raman speptroakspiaeag strategies were systemat
SNV and D1 or D2. Spectra acquired from the
as a representative test dataset to enabl e a
untreancedprecessed spectr awa saSspseecsttsiteado u g tr a lt ihtey
aforementioned paraméehRamarmnaactdied fedr gnt enietdh e r
strong, medi TTime oev avlewma&t i on demonstrated tha
consistentl ywdagr ddhed afpplpiramoateisen ngf tpreat men
Raman spectra exmi b=i tledd, nbeOdh)umnd weak (n =1
compari stome &tN&/dde menostaated medium (n = 5, 2

15, 75Further mobasedetireat ea tani ADEMNWE es ul t ec
i n exclusively we ak Ra man aDfLi vandy-DASC mi |
combinations produced weak Ramaan daoccntfeidriniy a
substanti al signal degradatipomceBlsi hngudhlchih
have previously been applied to Raman spectr
for the treat menkHuaonfg, NIRRDm@peesc t armad (Mo)s.hgbar,
However, i n t hper-morroecseesnsti nsgt uhdiynder ed meani ngf i
and resulted in i(@aoe@g\Miadkzel ,sPIRSytaczamMdy Sonei
20138mul Wo, bel and BaMumana029nhbrefore, based
spectr al gualsi tpyerd ogemesdme utnt r eat ed Raman sp
subsequent spectral interpretation and model

4. 3. Bmpact of demographic characteri st
fingernail
Demographic characteristics including age, L

Raman activity with c¢clear differences betwe

characteristic.

433. 1Age
Raman spectra of fingernails showed differen
age groups. eAmd uprtcedd S 24n c(l Qurdoeudp: one, n = 13,

NTTY



T34 (Group two, h3%F Q@BGrdadud7t)r,ee8,5 6 = Gr,oup. 7
four, n = 43,1 &N .y7&@r sanal d 6( Gr ou p( Fliigwea,e ™M .4
Tabl e. Ba.nd)s related to proteins showed high
individuals in contrary to bands related to
t o-SSan8 €tretching of &yL2tiamd 44 ntsmcoyvee e i tnhee (
hi ghest scattering -85 yé @i ugylkpleermekd pant s
This confirmed other studies that showed tha
i ndi vi Akbbestalzap 13) .

Al l age groupsnedhiamteadn il toisees f or tryptophan
cmand corresponded to the symmetric breathin
2008). Yet, Raman scatterwag bowtfgptaphagr e
range -0arBOtrary units. Tryptophan shHowed f
rel atedbé¢ond(Chkdiu r k oautmedQ0ilsgF hi s band coultdo al so
CC stretching of predat@&adtag§) (Kupbpkeumsl were al
936 dmkel €t st r@tching) across all age group
bandsimloy occtuhrorseed 2aigld yseodd (Wi dj aj a, Lim an
Hi gh Raman scattering of-Cpkemeglta@ahamigile @amoad
stretching) and coll agen type 1 (C=0 bending
i34 years old, at 10057 1rle’s2p e clt5i5ve lagrn d( &loGUSr6K
2018, ®lkiaanhes 2012; BdwlaeDrO ur maectk i 2a018) .

However, bands corresponding to tyrosine sl

i ndividual s eoafr sagoel d< a35L8®8 demwere seen at

intensity in elderly and that was-1feahucéd
corresponded t o zAdheef omertah yi boam a@o fiCMeisgdre t chi ng
amide Il, respedtainesl pal eolLlgzepEnmaocks) . It i
worth noting that the | atter two bands coul d

NTT®
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Tabl4e Measures
onéP 24(,Gr oup2 5 WweH(,)Gr oup 3t5h3r0¢, &y oupd @ 68r riGd oup6aF 8 vyeyears ol d.

of

variabi I

ity of key

Ra man

bands

and

Median (IQR1-IQR3)

1 2 3 4 5
Band (cm™)
512 10.44 (5.05-12.94) 35.23 (6.40-73.57) 17.55 (7.57-84.57) 32.86 (12.29-79.24) 40.52 (11.16-68.97)
647 118.88 (69.24-190.42) 134.12 (106.07-178.300) 89.12 (62.19-138.67) 122.57 (63.13-188.48) 204.32 (98.39-312.45)
750 23.54 (10.66-39.35) 25.22 (6.61-62.48) 22.52 (12.71-36.76) 27.15 (11.58-46.59) 25.05 (13.61-42.19)
828 29.46 (3.83-74.16) 66.54 (29.22-109.32) 42.14 (11.54-55.32) 37.16 (7.99-75.7) 32.97 (5.41-70.39)
855 17.05 (6.73-35.10) 23.09 (8.61-56.47) 17.19 (4.55-42.81) 22.50 (9.12-41.83) 26.68 (7.84-44.28)
936 19.64 (8.69-34.81) 33.51 (19.99-48.94) 14.96 (14.95-47.80) 30.73 (14.95-47.80) 27.57 (11.75-47.32)
1005 176.73 (119.56-230.63) 169.14 (133.78-216.19) 135.34 (98.19-212.44) 166.17 (97.95-232.23) 159.94 (95.22-250.48)
1172 10.69 (4.46-25.09) 12.18 (2.89-22.61) 10.09 (5.17-17.39) 11.41 (4.43-26.46) 8.26 (2.48-21.34)
1449 812.37 (528.52-1145) 566.23 (395.10-863.9) 521.09 (383.34-725.19) 660.06 (474.17-895.11) 558.84 (339.67-797.68)
1550 185.46 (92.71-265.06) 197.31 (135.37-275.69) 184.14 (114.62-255.24) 176.50 (94.77-258.97) 178.24 (95.60-276.05)
1580 937.59 (776.1-1155) 898.83 (647.60-1230) 905.87 (647.99-1040) 826.54 (603.23-1110) 859.67 (519.78-1120)
1656 15.73 (6.79-27.10) 20.27 (12.96-21.86) 6.87 (3.28-15.57) 16.97 (7.67-29.46) 15.79 (7.51-26.66)
I Q1: I nter quartile range 1; I Q3: I nter quartile range 3

NP N
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433. Bi ol ogi cal Sex

Raman spectra of the two biological sexes
intensity of scattering of amino acids, pr
scattering at 12 bands, but females showed

wersl2, 647, 750, 828, 855, 936, 1005! 1172
(Fi gd45%. 6, Table 4.5

2000 |
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—_—
~
o
(]
T
|

1200

1000 - .

800

600

Raman intensity (arbitary units)

400

200

| | | |
400 600 800 1000 1200 1400 1600 1800 2000
Wavenumber (cm'1)

FigubRawaman spectra of ffegdireahlasi(ecbbben fr
part ismepaasnutr ed using the Agilent Resol ve Ram;

an 830 nm | aser wavelength.

For cysteine, arhckes it 2nashdhydéwdd dm gher scatt
femal esd fingernail so (sKcewrtk caa meh&ilOsl 8@l e s o]
exampl e, § ®en@d refasi rodgsehromeeirdle shi taannidnt e n #i4t3y 40 f

arbitrary wunsgda sf,i naghe rl nea hnhasl®del medbi@anmdat ensi ty o

NP =



394 .alr®i t r aarty buamidtrts5 1T2h i s estulgaggte swhen appl ying
as an i nddetagcddMDhégorand n DMi n,gec Ilniami sal practi

consider the biokbpgicanltsesedi 9éapatdeneécti on.

Bands relapidg (6a448Yanprdb580nsm(855% ,936 a
phenyl alaniMet(ypodphman (B5anandyr®50 nem( 75C

1172amso showed higher Raman scattering int
from females than mal es. This indicated an
in femal esd hfei mgedrarbaillis.m of energy i n human
bi ol ogi cal sex, wh i-xcphe cdiifsipcl afyu ndcitsitoinnsc.t Esneexr
f emaill ®srequired for gestation and | actation
default state e.g. metabolism of food, respi
temperature (Varl amov, Bethea and Roberts, 2
Tabl% Measures of wvariability of key Raman b
in fingernails of female and male participan

Median (IQR1-IQR3)

Female Male
Band (cm-1)
512 443.40 (265.82-644.55) 394.18 (250.19-631.65)
647 142.36 (85.57-206.69) 138.92 (74.36-210.96)
750 181.99 (99.97-263.69) 158.42 (84.87-242.41)
828 113.13 (56.35-181.03) 91.48 (49.05-154.64)
855 177.46 (110.15-239.65) 150.58 (91.13-214.32)
936 302.85 (199.04-412.22) 260.36 (153.67-401.24)
1005 303.18 (215.10-407.67) 275.90 (188.63-394.18)
1172 132.35 (90.79-175.08) 123.87 (81.55-174.6)
1449 1777.33 (1271.93-2275.21) 1568.62 (1075.57-2254.05)
1550 48.21 (21.65-74.26) 39.68 (15.61-68.21)
1580 17.98 (8.47-32.72) 17.30 (7.44-32.67)
1656 869.85 (549.05-1265.56) 773.52 (415.87-1176.30)
I Q1: I nter quartile range 1; I Q3: I nter quartile ra

NPO
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433. Et hnicity

Raman spectr a sohfowfeidn gdeirfnfacirlesnces based on t
groups t:haAr ane,r eAsi an, LWhiath&isgurAeg a$h. andTabl
Variati on bet ween t he hi ghlighted etthnic 0
(corresponding to whyesrishmneé eampard¢y <t @iame)s show
medi anidnt erod54881L ar bi trary Asinamns amaddLebanese
participants dillpnhdnyted 4idP8antodiw28atr bi trary uni
respeciThivel goul d bedia&ttriabsutceys ttecohat éeéveélos t
consumet i pmoAtneinn, 201Bs-skbasssanandXiWed kal 2015
201 Fpr exampl e, several Arab and Asian part
meat and included no dairy products (due to
protein intake was reduced9aé6danti $aBBskbmvi c
demonstrated decreadeéed t Ra@mam mac thiamidtsy,. Whi t
showed higher Raman activiti ¢®] seywphmnkeat i ng
al2012; Widjaja, Lim andwAsegee20W8)Y h Aaxidmi 168
1005 and '11WBicm correspandedystbi otgysit @sinMeal,e s

phenyl alanineeapectywvedsiyne

Li kewi se, Raman bands | inked %o werryeptofphhaing
scattering i ntensity i n Whi t e t hatwWhiAt@ab/ As
participants showed an increased'(@Ras@Ednyascatt

Janes 202 Research suggebhed datker enfcuerst henr | i
echoing the relationship beateweosmbhdadmomadddgieann cu &
Wil eax2a01\8i;| eeya0l) Therefamalependent threshol

established to account for the variageon of
bi ol ogical sex and ethnicity in order to dem
in fingernails

NPP
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Table Measures

and

of variability of key Raman bands and
White participants.
Median (IQR1-IQR3)
Arab Asian Lebanese Arab White
Band
(cm™)
512 417.79 (253.27-617.18) 413.28 (247.37-533.26) 417.28 (266.41-637.98) 548.81 (337.98-759.84)
647 136.36 (78.75-204.38) 138.59 (93.52-195.87) 133.87 (75.65-196.25) 173.73 (97.28-246.71)
750 169.24 (83.77-258.35) 163.59 (91.62-231.29) 183.08 (120.38-250.37) 203.44 (114.28-286.52)
828 105.17 (49.83-173.1) 99.02 (45.51-149.38) 116.12 (52.64-169.91 143.17 (76.56-205.22)
855 178.49 (97.49-239.73) 172.86 (119.41-208.98) 165.5 (105.35-228.75) 201.18 (121.04-269.77)
936 274.1 (166.78-389.51) 303.47 (209.24-400.21) 299.13 (203.94-406.95) 365.71 (233.27-446.89)
1005 291.01 (193.87-389.95) 317.82 (235.30-363.75) 290.25 (187.64-400.43) 356.83 (270.10-449.80)
1172 128.03 (85.85-168.51) 131.33 (92.78-193.95) 124.47 (97.31-171.56) 148.96 (111.57-187.42)
1449 1754.99 (1060.43-2259.07) 1575.30 (1350.94-2108.55) 1728.96 (1337.15-2167.71) 1961.38 (1393.37-2396.54)
1550 49.04 (21.70-72.54) 38.06 (13.73-81.84) 48.69 (22.81-72.10) 53.22 (29.32-79.70)
1580 879.85 (593.78-1120) 957.91 (731.91-1255) 824.73 (592.29-1027.5) 885.74 (631.46-1130)
1656 773.1 (426.54-1191.1) 798.97 (558.8-1258.3) 868.75 (558.34-1258.3) 1055.6 (654.04-1368.18)
I Q1: I nter quartile range 1; I Q3: I nter quartile range 3

t hei
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NPT
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434 .Di agnostic Signatur e of Finger nai

Spectroscopy

Spectr al i mteevrepmrl eetda ttiloen presamrdeaeat ohg bi omeCViC
finger nTéheelmasnpectr al bayntdodh mkrmeal B owas |ocat ed
land was attri b«€téedans shalf etrman@oNn) .( HWori euceyv e
cytochrome C was encountler ethieawte 1r3exLHA&endd tl1o5 9
twisting and C=C stManad.,zZnigt,o raensdpoeDcét; i LvBec ayz h(e
et 22013) .

Bi omarkers related to DM were also identifi
participants. TbBbM®wds rfsdun d dqt€alttliraBm sonic onf or ma
and was attributed to ilnnclrewacierde | &wekllse wdi rge

identified from spectra of di abetic fG nger n.
stretching)?(ad@dstird®2clkimmg), respectively. As
of the thesis, section 2.3.4.2, theepdrotreednen
in |iterature as bitoak2akeelodm®d2Q 2MSIREDILSR ;
Wangt Z2013) .

The combinati on of ML Ass) ( GQWSl, RRGManansdp e S8OM
demonstrated success in detecting CVDs and/ c
did not show success in classifying CVDs an
showed r values > 0.98 against.Bg¢hias Tihhydifcage
type landrrwdi® consequence of fingernail set
bi ochemi cal prof idli es e aYsee ar dtl reessse ormii smatches
encountered with add ifngftgamgeinlasd sseetts . MWS5
showedr awnadfueOagiedi nst RMWHBIS 8a b)eatnidc t hat I ndi c
successful .cémpgersanl set MWSbaoHULOO 7hpr adgac @
set MWS59, who had previaeu€VDPDMedn diagnosed

NPY
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Figu8e CGAWS of Raman spectfHB3bakenl 5idgnpOheal t |
(54-6 5, di a®estfaod a@VMDbetic {g&7L)CA plaanrtks bl ue ¢
represaeminirmumlifud. 75 and a dar k sye Imaxw muan o U
r value bbe®dwe®dSod. 7T0. 82 corradspmadnd btloue col
0.83®.87 corracsyaomdcalobdr 92 0c 88r a&grpeoend,i td. 93
0.97 corragsrpeoemd stho yel | owOc®Powewnraeep@ang&to

col our.

PCA was then utilised to explorentleaadntadryi ng
di sedsegyernails. The PC scores plot of 72 fi
vari ance témo ndgastta 9 Fi g§lowe v dr , t he model was
di fferentiatingnhbheta@\ehy diecaddihygbet C¥Dfi ngern
seen in 9Fignrevdrl ap was observed between th
was attributed to alll fingernails sharing
proteins. Type | and type |1 errors were al s

NP ®



visualised in scoresCH¥B®Banacidafakoegaichhi heal Mbay

one s@MEBElofbfeitngernails were clustered away f

sets. This is likely to be attributed to the

%10t
15 -

0.5

PC3 (4.88%)

-0.5

PC2 (14.03%) PC1 (66.7%)

FiguB®CA. pl ot of fingernéaglteemp&kalnt fy o(mmargar
CVOreddi dthd taieg a@NDmabEhligak)ti ci pants measur e

Agil ent Resolve Raman spectrometer equipped

PC Il oading plots were explored to identify t
related endogenous constituents/ biomarkers.
bands in PCl@) Fiwguree r4el ated to cystine, Cy
tryptophan, tyrosine, proteins, phenyl al anin
(S stretchi-nhgs)t,r ebtdcbhi(nd@) , 752 (symmetric bre
bendi ng)C S8tbrde@CHi mgndi ng), - 836t (skehienwg), Cli
pl an#dl b@nding) and( me4tshly leme CH2 deformati or
NZ M



( Kour k oautmeddilgl; sEs klaanes ZA2012; adaowh®Q7; Wi djaj e
Lim and An, 2008)0) PCa2pt(Friggdurtehel.vari ance o
cystine (514Y antdi p686 amd prandi wer €1440r t hu
S stretching, cC=0 bending and r eneg égtl iewnesl
( Kour k oautmedQil@l; s@&Es klaanes 2012). PC3 [ oadi)ng (F
was comprised of bands rel atEear ¢ maQpitse n@lt &lhg n
and | ipids and plr(atedihryd eamte XCHRO derhor mati on)
al201@l;sEs klaanaes 2012) .
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Figuteé 4a) PCl (66. 7%, (b)) PC2 (14.03%) and
fingernails taken from haalatbley,i cC\OR,r tdicd lpeatnit
using the Agilent Resol ve Raman spectromet e

wavelength.

The presence of key endogenous consed heent s
i mportance i n rel ation t o t het é&dleitgkcltii gt ed
constituents and biomarkers should be utilis

DMdi agnosi s.
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SOMs confirmed the overl ap -M&temi x nd e men £CrAa tn
wei ght di stances and expressed the distance
Fi gurlededmolnstrates that neurons are connecte
which are representative of distances betwee
| ower densities and smaller distances had |
2012) .

SOIM Neighl:lbor Weigl:lt Distaml:es
25r A

15

0.5

Figunlé -Matrix of SOM applied to Raman spect
healumlyeaCVhy, di abet-dicalaetdi €V@Partici pants me
Agil ent Resol ve Raman spectrometer equipped
Bl ack and dark red represented closely relat
orange and orancegeg atetdiycateddtmadd vari abl es an

Light orange and yellow highlighted | oosely

PCA findings were further compl emente2 .with
As highlighted in the PCA model ,i vieveupapoiva:
interest. The overlap between fingernail set

of endogenous constituents across t he fincg

NZ =



Addi tionall vy, t hrpairgthi cciopnasni tdsedf icmhgahrteacet eex p Isd n ¢
can be pWMarwvy defd.t he unhemkbthgyapacondi paohs uf¢
CvVDs and/ or DM) reported other medical condi
| BShe presence of the aforementioned conditi

endogenous constituents found in fingernails
Nevertheless, nine interpretable groups were
being fingernails taken from diabetic parti«
three (n = 59, 4. 19%) were also attrinuted
with groups four (n = 164, 11 .-bi%)b eteitownvefeinn ¢Cavrl
Groups five (n = 229, 16. 3%) and six (n = 7
takenhéeanbmhy, unhe@mdnthiyciamantCy/.D Q@r7dyp < 9s €w® n
eg ht (n = 237, 16. 8%) and nine (n =aB@d@bh5, 20
unheaffitihyer nai | set s. Whil e ther gr watsh es o me

sampl e hit motdedt sRiggmgers tepmplect roscopy showed
regards to the differentiati an adbfeithgarnhy | sC

2.5

Figune 4&Sample hit map of the SOM applied t
unhealCVby, di abetdcabeaetdi €VDingernails measur

Resol ve Raman spectrometer equipped with an

NZO



4 . 4 . Concl usi on

Raman spectroscopy was successful in the de
deposi ted I mut€hna@esr nay dtsei ne, cystine, tryry
phenyl al anine and pcCVPands-DMFatred ebmomar ker

detecmhmhedaman spectra of fingerwyaiolchrr omee Be al

C for the detection of CVDs and glucose, i s
DM.
Fingernail sd6 Raman activity was influenced ¢«

age, biol ogi calDesneoxg raanpdh iect hcnpilacaipteyd. ea | sit g rcisf i ¢
in the Raman scattering of endogenous consti
clinical practi ¢té&esshaobladdaucroiensgi dtehrec sdet ecti o
and establish biological t hr es holtsd sn dfiovri dduiasl e

characteristics.

The combination of Raman s peRatmaos@yp olyi laintdy M
detect di fferences between heEWBEtkBhwowed mhose
mi smatches tharmr. PCRAi anWwasOdMue to the common
individuals and thosé&uwutbhb CdBRpdeoBdBé 0hnddMsi >
will é»wpkomatng FTIR and NIR spectroscopyds p

DM in fi.ngernails

4, 5 . Key Messages

1T Ramapestr al interpretation revealed key ¢
fingernails i ncluding cysteine, cystine

tryptophan and tyrosine.

T DemogramhAiract eri stics such as age, biol og
role in the Raman scattering of endogenou
therefore, should be considered during fu
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1T Ramammpectra ofddtiegteechadil sease related bi
cytochrome B and C for the detection of

| euci ne for the detection of DM.
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Chapter fi1ve: Classifica
cardiovascul ar and diabet.
nearnfrared spectroscopy

| earning algorithms

The aim of this chapter wasCVIan@aoOpM ofrreont he
fingeusaings pé®t r oscMpAA. andt al of 85 fingern
measuredt huesi P@gr kiSpeEL meam Two N FouNil &r tra
Spectrometer equi pped with a NIR reflectanc
successfully characterised disease related sy
di abetic fingernail seg fwihve hgrwawsp 4.heF drotwreesnt o
identified widahi42 4016 B460d ogird0@D 00 YcmThr ough

the applPiCclsheomr esence of glycated proteins al
features of dheadlethy VYemgwegsnail s was C€WMsfir med
an80OMsere applied to NIR spectrambdtet Weatiade

However, due to the presence of the same endo
regardl ess of the pre€¥WScahab SOMme wefc ediss @d s
separating t he Cohefsiimed i ggoupmpse. | i mi ft MLi ons

classification model s were trained and hype
R2019ads Cl assi fulciad i and tSQvoMmbalztvisCe used wit
multiclass and binary classification of CVDs
DM was 89.4% and 87.9% respectively with mu
accuracy improved to 100% when binary <cl assi f

5 1 ntroducti on

NIl Rpectroscopy offers theestvantage ahalryap!
requir-esol statmpé e preparation. Its ability to
has shown great success in a range of disci
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phar macgutwhkhatein NI R spectroscopy has be
management, vaccine authenticatesopeaatids sqgiual i
et 2a028ont egtnea0 189odata and Peerapatdtanal, . ,20
2023) . Mor eover, the marked versatility of

advantage of working with a wide range of s

fibres, powders, |iquids and solids (Ozaki,
The weak energy of NIR spectroscopy, all ows
matrices incl ulddenig fGrnagbesrknaai d ®d etHiuoks £686 %
successfully showed t he ability of NI R s

constituents such as amino acwitdsa02I3iBgi.ds a

monitoring the regulation of endogenous cons

status can be edetdrl@i;ndMeehQBd® 22) . For exampl ¢
by Vieor@h®23) demonstrated that NIR spectro
di fferences in |lipid concgiecamltetaite olml ®lndsds arhel

NI'R spectroscopy c-Hamv aosfifveer amgliysiinscaosft f i ng
effembannerTherefore, the aim of this chapter
of CVD and diabetic fingernails using NIR s
the objectives have been set as foll owed:

T To explore the NIR activity of fingernail

participants, their endogenous constitue
bands.

T To determine the ability of NCRDspeadt oo s ¢
DM ffomgernail s.

T To apply MLAs t o nexNllR osép epcattrtae hys CVD and
fingernails

5 2Met hods and Materi al s

5. 2.MBt eri al s

A total of 85 fingernail sdMeasweee cohlgec ha
were proflvemadebfyn = 50, 58.8%) and male (n =
bet weeiB518 eaParovoidi pants were one of five e

NZT



= 33, %38.Aian (n = 10, B186)8, %)L, e blanndei saen A(rnma b= (
17%) and White (0f =ctRé&se2pawt)yei plamtgnn,oskd w
CVvD, three with DM and seVermpwintdh xb Bsljy. aTa®GVE

5. 2.1l2astrument ati on

For collection of NIRSpeetctum -Nhée NPpeErcktirm melt |
(Perkin El mereqWappdadmwi MA)a temperat ame stab
NIR reflectancwasmodmpboy &) RMHihggurNd R5.spectr al
bet we&mM04200 *amdadsmectral reslolution of 8 c¢cm

Figuf.e 5The Perkin EIlI meNI & Sptecimo™med el ETQuUI
NI RM.

5. 2M8t hod

Theaumber of NI'R spectwaesil eoild ecdgiedleri ng t he
frequency celalpitppged our, Thecteif @m e4. 223 )spectra
fingernails set. The glass vi al was placed
using the vial sampling accessory. Bet ween

NZY



was vortexed using the Sci Quip Vortex Varl Mi

fingernail clippings were targeted and the
across the fingernails accounted for. Spec:
i nt eerapprieon and spectral quality assessments.

5. 2.Spectr-ale@®rment

Exported NIR spectra weR2d 1i9mp amtde dMiicm bs oMAT LI
for t he appl-pcatessai nogf. pSeeveral pcombserAanhgO
algorithms were made, -DhoseddDRISEMSKES dv,asMSC

applied to the NIR spectra for the correct
mi ni mi sism @ tnhgie geliftf ect s ( Thennadil, Martens an
frequent occurrence of broad overl apping

interpretation overly complex, dcdraddtd)satio

5. 2.DatAmmnal ysi s

Fodata analysi s, MLAs explored were CWS, PCA
17.5. ). AddvatsipopnlailedMlusi ndR2®hea MBTa&aBI ficati o

Tool box. A total of 32 model s were trainecf
classification models for spectral data. As
were appliedafttoermalt henodemesval of outlier spe
the ful |I,000anfgeeat(u3r es) -waldi daati®dncmedshod was

val i dat eltshe Adadd ti onally, 20% of the i mport

set, to blindly assess the model sb6 predicti\
through th&2O0MAITAL ABIl assi fication Learner Too
medium tree, coarse tree, i near di §&®r i mi na
effici eSnvtM lganuesasri an napve bayes, kernel napv

SVM, cubi c SVM, fine gaussian SVM,eamedit um
nei ghbour (KNN), medium KNN, coarse KNN, <cos
boosted trees, bagged imieasnt , sshdppaeedKNN,
trees, narrow neural net wornke,urnaeldinuent wioerukr,a Ib |
neur al net wor k, trilayered WRKwerranlel ne tTvhcer kt,op

model s with the highest accuracy were selec
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model s included: bagged tree ensembl e, boos

kernel and quadratic SVM.

Model s wer ¢ unfeentfhhrmeegh the alteration of h
For the bagged tree ®Mébebplatwmawiememadti ok d
of |l earner nodes being set to 30 (Harper, 20
was bag, with the | earner type as deci sion
ensembl e method AdaBoost nwvears tsyede cwed,a adcdac it
The maxi mum number o f splits was3020andt hteh en
|l earning ratepwas P®»023).H For the cubic SVM

included a cubic kernel functi on, a bex | evc¢
ver sns . The quadratic SVM employed similar
terms of kernel f udircattiiocn., whi ch was qua

Al | model s were tested using a training:tes
being utilised for tradeifngoandm20ofdowatse at
test the models for subijfedtdi wirtoys.s kad i|iwbdgd opr
empl oyed, whereby the data was first randoml
10% of the overall data (Col akoglu, Alis an
random 10% of data, the researcher walséabl e

performance when confronting wunseen data a

selected classification models may interact

Model s were evaluated thr oaghbutaareeyaf ou nl doewi ntgh
curve (FAIB € b rfea,l s e negati ve rat e ( FNR) fal s
mi sclassification rateanpgreewdl(dapechflrity,

NTM



Tablle &Tvaluation metrices for classificati on

Parameter Equation Ref erence
Accuracy 4. 40 Kul karni, Chong a
4. &0 &. 40
FPR &0 Niu et al ., 2020
&0 4. Sol ana and Santi a
FNR &. Niu et .al., 2020
&. 40
Speci ficit 4. Niu et .al., 2020
4. &0
Mi scl assi f &0 &. Karimi., 2021
40 4. &0 &.
Preval ence I AODAD Sat hyanarayanan a
~ 47 OAI
Precision 40 Bruce, Bruce and
40 &0 Kul karni , Chong a
Recal l 40 Kul karni, Chong a
40 &.
F1 score ZDOAAEOEAAKulkarni, Chong a
“"POAAE OBAI
FP: False positive; FN: False negative; TP: True pos
To determine the AUC, receiver operating
visualised. The ROC was pl ot taexdi st)h raoguagi hn scta Itcl

positive r-axies)YTPRor (g model to be i dentifie
haweacdhhe top | efstupnvet h-¥aR®O&éde, 2021). The

l' ine present wiwahsi eip rReGCe nctuartvievse o f random g

Chong and Batarseh, 2020). Iwakalsew,ht lwd ediedgc
Il i ne, tiheera glle@sneidf as performing poorer than
utilisedill dajjadol3d). Hence, good <cl assi fier
was upper the diagonal Il i ne. The AUC was th

score for the eivadtuiadn.onR®G odrawed ft hat wer e
di agonal showed an AUC value of > 0.5, wh e
di agonal demonstrated an AUC of < 0.5.

5, Results and Discussion

NI'R spectroscopy demonstrated the ability t
wel | as spectral regions that can be target e
f odi sease monitoring. Key NIR regions were
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advanced gl-pcaduonsaenmdGElsycated proteins, w h
presence( MdntbeMtneAa01.8)Whil e PCA was wunabl e t

di fferentiate bet ween the five groups of [

bagged tree ensemble, boosted tree ensembl e,
SVM showed a moderate abilnithyeat ® hyli amer ednits
fingernail s. However, classification of di se
applied to biomarnyodell as sfiofri ctahte cl assi ficatic
fingernails and healthy versus diabetic fing

5. 3.N1 R Signature of Fingernails

Prior to establishing NIR spectroscopy as a
assess its ability ttohe demdicctyad kapghin dbEbD e s | wi t
fingernails. As praaipdawes! ¥ oluirg holfi o Bhted dt hiensi s
fingernails shared the same set of endogen

cystine, phenyl al anilniepi dg y(pd loplheast,ert g/lr)o sa maee

Therefore, t he cowelreeef edc NI Respkcdbna anot her
bands occurred across al/l fiRgerhail sswbst [
that spectral interpretation was carried out
of specprakegpgieng. Thi s was to ensuerree t hat

representative of the endogenous constituenit

processing can create computational noi se an

Across the 85 sets of fingernai lisl7 tbhaen dnsumb
Spectra taken from heal8hyspaive@iciBprand s( mherd i=
11,=9F@QR), wunhealthy participhhtlsands =( heldi

= 10,=8.J&a3), CVvD (n = 11, 12. 9%1L 6pdmteidé¢ iama =
11. 5, | QR1 5. X5)2,5 di abetic participanitls2 (n =
(median = 1i11,2) Qrndki @WBti ¢ participant (n =
9114 bsandmedian = I1T2,3)AQRoss 1ltlhe five grou|
participants demonstrated the | owest number
within this group |l ends itself to the gradu

and structural tissue iMt(egiehtottzed @ magker claos @
hyperglycaemia causes chronic damage to fin
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associated with
cause damage to
al2Q2 . As a

fi nngaeirl bed and

poor

the DI

ood

consequence,

Tabl2Spectr al

CVvD,

band
di abetidi adbedi €VDingernails

ger mi nal

assi

edi m@ABAti Bhgh Yhehmbhoenot

velslsed s of lowi (nRsz ra

the bl

matri X

gnment s

Spectrum -NwWB HNpEdtrometer

ood supply o

i's reduced b

of bands pre
measur ed u
anfJeeui ePped )wi t h N

of

to

t hhose

t he

assess t
bei

ng:

over al
mi | aatrh e Asb dbrslea wadad b ent Wwe «

unheal thy > C
lthy > CvD >
di fferent abs:s

spectra.

Wavenumber (cm 1)  Band assignment Region  Overtone

4186 CH2, CHCls T First

4248 CHz, CHCls 1T First

4330 CHz, CHs, CHCl3 M First

4864 RNHR', RCONHR', ROH I First

5148 RNH2, RNHR' RCONHR' 1lI First

5784 SH 1] Second

5890 CHs, SH Il Second

6106 RCONHR' I Second

6362 RCONHR' 1] Second

6632 RNH2, RCONH2, ROH 1 Second

7068 CH2 Il Second

8410 CH, CH3 1] Second
Spectr al vi suali sation was mad e
bet ween the chosen five groups,
CVD (red), diabediabehblice) bd2dd k PWVAD Fieg N &R S .p
shared similarities, i n ter ms
absorbance was di ssi
i5000 'ewms @VMDabetic > healthy >
bet we,80n0i 3000 'dm GMDabetic > hea
Vari ation observed between the
of fset and background of NIR
Across the full

absor bame et o

dddoeowalsesdupp!l ys (tPozheytaga®aaj |

Yachmaeate Zad 2 I h e

MWS5 7,

hvahdo bpereenvi ous|l vy

r andyieag b gsapietcc tcriap atna kse nd i fsrpd my e

hi ghest

absorbance
dCADnasddNIiv®DMhpectra ¢

wa s

NTO
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MWS57 showed two5Wa8eanhd®@htdlbatathad absor banc
i n the riadn e adfs olr b(alnecee, Wadalix)hy i ndi vi dual s

hand had absorbance < G08Blamsorbance units

1IN
15 I T =20

=nel
c Wabs

0_|,\| N !l.

-

Absorbance (absorbance units)
o
© N
T

4
©
T

pY MM

0.6 -

0.5
10000 9000 8000 7000 6000 5000 4000
Wavenumber (cm'1)

Figuk.Avérage NIR spectra of fi(ngregwembielasl tthayk e
(magentGVYbDedi)abEhliaceGVERIi abehlipoak)t i ci pant, mea
using the PPerekitm ulnl -fiwB NpETtrometer and equi |

5.3Ldl.ycation of Proteins in Diabetic Fingernail
NI'R spectra of fingernails showed Kkey band:
(Figure 5.3a). These b44n0dosA3WOr’emmidn wehmk ¢ & n g ¢
t&€H stret-elhbegdi 68 bBeddiOng of gl atc o02s0el )Mo nt e
Addi ti onal research al so suggetshtéahoment t hi
gl ucoAwiecthiad0 2 ; Cedciad0d6i . Closer examinati
indicated clear differences between healthy
within 3oi,gurhee 5.pectrum taken from a diabet]i

NTIM



band bet4dDdB0@ ¢m comparison to the spectrun
no-di abetic participant. The broadness of thi
glycation in diabetic versus healthy partici
of di sease etModld 2 ne Further mor e, ddithe asser eg
monitoring opportunities, cwhudbrele bsya mpHhH e df iomge

month for Si x to nine months to monitor the

Further spectral differences were observed b
bet ween t hkO0D60I0OOHK Wi gwBc . 5This area was ass
combination OH antisymmetric and symmetric
glycation e(tMdadtleByne As s how®dmn, itnheFipruami nbe nt

6636 '¢emcreased in both intensity and broadne
(blue) and decreased in the healthy set of

t his doeeareccted in healthy fingernail s, owes i
glucose, whereas diabetic patients have | itt
a reA@GEgcgccumul ate in the bl ood, fingernail s
|l ys-iineh resi dues. Sliodi4le &0l e, mthet sperct S um t ak
di abetic fingernails displayed a higher i nt

53d). This region i2zstaetchbogetdands CONM#H a co
steckitng and bendcitn@0(LBOINnt ®Wybbin this region,
4864 lcomowiadekey i ndAGBsiandoflihyec ashmaper
observed umobpected from a diabetic partici
| evel of glycation acti vibaypdr d e rctonitm atsth ¢ ¢
coll ected from avalbedl telcy iivrediovi d in&| Heonwceer, | ev
this baedihel dowferentiation of heealotubhyw and

used by clinicaktpcaDWBncaess weorl tahse nmloni t or i n.
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1.5¢ a 1.36 b
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1.35}
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geo Q2
88 1 8 8133}
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Ka] , o
28 <8132
08
0.7 131}
06
10000 9000 8000 7000 6000 5000 4000 4380 4360 4340 4320 4300 4280 4260
Wavenumber (cm’1) Wavenumber (cm'1)
0.86 1.3
d
0.85
0.84 125¢
2 0
= 0.83 =
=] 2 q2
@ b} !
8 8082 83
5 § 55
£ .2 0.81{ a8 115
(=] o ©1. I
[T n w
§5 os 28
0.79 11l
0.78
: : : 1.05 : :
7000 6800 6600 6400 6200 6000 5000 4900 4800 4700 4600
Wavenumber (cm") Wavenumber (cm'1)

Figu8e (5a.) NI R spectra of fingernails taken f
participants and measur ed using t h&l PPer kin
Spectrometer, Né MiPapretdi anli thNhiI R spectida 2610, r eg
(c) 71,61,00000 and i(4d)6 0D, med@ds ur ed wusing the Pe
Spectrum -NWAR SpETtromet eN|] RMqgui pped with

To validate spectral di ff ebenowesenohbheal tag iam
fingernail s, raw NIR spechDlr aamder RCA rmad elds |
applied to ,1d@6,00e0gl W46 00 ah@DH4250 cmFigure
54a, focussing ,00D 4240 tcengciaopnt u4r ed 96. 04 % of
within the first two PCs. While some separat
and di abetic fingernail s, several overl appi

bet ween the aforementioned gregpdb@wss00 mpr o)
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c mt, where a variance of 94. 7% wdFigue e bt 4w
The final s e lleocDt6®@d Orggndemongtrated the cl eal
bet ween scores of healthy ad4sbd .diWihbtehti#bc, Ffiignugre
two adjacent clusters were observed and 98. ¢
the first two PCs. The <cl ear separation bet\
indicated that NIR spectroscopy could effect
fiemrgnai l s of different healdtah saon dv adii dead seed 4t
spectroscopy paired with PCA analysis was su
di abetic fingdmusawhasngpgWsiereed to some degr
selected r eg7100n0s6,0 0@engli obri 4 0®OBGH( Fi gures 5. 40D

5. 4schhowed t he hicdhuessteertientgpber ef ore shoul d be

research and di sease detection.
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o 0.5
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@
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05 f
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15} 1
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1 8 5 e (83 o 0 2 10_;‘ 20.01 -0.005 0 0.005 0.01 0.015 0.02
4% x

PC1 (97.9%)

107

051

PC2 (8.57%)

-10 -5 0 5
PC1 (86.1%)| w107

Figude PBCA scoresDDblI BNt Ro$ p MSIC( gr eanndh eda | atbheyt i c
(bl fuiengernails withifidtBéeOre@lopOd0(@amdas (409005
i 4,600 (cm measured using the PerkiNl REI mer
Spectrometer, equipped with NIRM.

5. 3.A2sessment oft rfSpaetcmemtls Pr e

Spectrpltopeesing algorithms wetea mpemphhieced t C

interpretation and visualisation of spectr a
through the introduction of weilcahe.r akd ebrsdd
NI'R spectra, the applriocatsisomgofal spme otff f &Ir eplr &
Spectral quality assessments were applied to

and after the -mpepdeago @ink logh®)plehebs e met ri cs w

NTY



used t o evaluat e t he -pirnopceaecstsi o @ di faeeregnes

interpretability and data quality prior to n

Raw spectra displayed strong (n = 31, 36. 5%)
(Figwaer. 5The number of bh:hidfsor assgedt fa oonf 9f |
with strong NIRl16nfensspgcand @f fingernail:
activity (m&QRiI%9a&EN 23 . 1IRaw NIR spectr adasnkar ed
positi,®é070f684 ¢ medi atl 8& 1oHGmI B 786618 rtmand

ma X i muamidnt ensi tiyl. 8f alb.s®G bance wunits (medi an
uni tss0 Il ®RW. 97 absorbance units). Wi thin thi
bands and overtones werx &bse RRNHROGI, n RICWONIHR
and ROH (JeeS/ B®&1O99 .ofTheraw NI R sip2e4cOt r(amerda nagne
= 180,=14MQR00). The varian8kENaeieos wot hHsat $ h¥

MWS85, indicaredeskBangpwas | mperfatNIvR sfpoerc ttrh
as wel |l as the application of w\wWLsAusp paonrdt ecdl absy:
previous work, which suggested that the samp
response and the environment itself can act
the variation seen within the sphkernaocea, idtatwma
necessary to copmpdwactesspaqgtr al pr e

NIR spectra were first treated using MSC, v

mul tiplicative effectetwkhd@7Vnh. s-peoscembedgt at
al so removed physical effects such as partic
confounding variables that were indicated d
(Silat aad18g) . MSC treated NIR spectra showed
medi um6é6(n7=059 %) NI'R iGhdenqdqifter ( Pagid2@G epar a
bandsnedi an ==18,15)QRvere identitfrieahleel. sMECt
produced maxpdonsuinti ons,8BOTWES ¢ mme di gon3d 4 cbm

L 1= 207066 Yxmand méainimrutmrensi ti s9o&ab9®oBBanc
units (median = 0.89=@ab8®rW®W&2nadswmibtasnicel QR I
region was associated with combinatRE6ONENd o
RCONHRO6 and ROHS(Batio2D&a®) MSC treated NIR s
60220 (medi an=E00212600) . QR
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A combi nat iDdn (dfi 5MI @ rDMSCFi sduyr e aSpa ogreas si ng
algorithms werethBHBleR aped¢tirea. tDhe combinat.
derivatives have previously shown great S U
aut hentication of medicines, drugoana odi {Aas
et a021,; RamBO 19; \itt GOYIBMESEDL spectraishowed
97 bands (medrF@a@&@ 79)7andD2QBPectra demddstrat
bands (medi a8 1i=4 33)7., TTh@R i ncreased number of
derivati sed specttrahe ade biev aftritd@dbsustirendgp rael gor
narrowing broad, overl apping NIR bands and
MSe1 (n = 85, 1DD%)nand8®MSC100%) spectra rec
of strong NIR acti vit yC-DI1B asnpdesc torbas eprovsesde sisne dt he
banpdosi t i,oh0D7®0f6 0421¢ me di a2n8 2="1c5mI=QB 205,186 r'm

and captured combination banxils gRINH OoRNHR,0Nn e :
RCONHROG, ROH and SH (Jed,andtlé®n s i fDyle otinahSt@um
spectra rahgedd@Xo0o@@mé absorbance units. The i
greatly i mprMaved tolfe NI R is2pdeldc tirna rfarwonNI6GRO s pec
T470 (medi an=E8®21205,) liQRIOlhet reSaCt ed spectra. A
coul d be sele2n tfroeratMSdC spectra, whanpdosdits pinay
across t hoeQw7®d7@e’¢medi an6 8, AURRD7,068 't mand
were attributed to combimat@&d CHTCARNERBHBRO PV €
RCONHRGOG, ROH and SH (Jee, 2019) . The afore
intensiti eB. 0bO&lt@w ededO 0 8 9 absorbance0.u0n0iOt2s2 ( m
absorbance uvhiGGN06 QR10 =absorbance units).

Among tédhdppewtaches, the combination of MSC f
most favourable balance between specThal enh
applicatD2,n aMSSChough capable of further resol
reseudl @ noticeable increasseofnneipeetand and
ConsequenidDl2y wadS @G ot considered suitable for
pr-gr ocessing was not explored in detail f o
assessments atmdl ciap lsidadthievre ng effects were

corrected through MSC treat ment.
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Fi gub.e Av.erage of (a) 22 raw NIR spectra, (b)
MSE1 treated NIR spedtlrdramad edd)NI R2 sP8Ctr a
taken from participant MWS1 and®&dpmeds wmedwos i

FINIR Spectrometer, equipped with NIRM.

5.3.3. AppMLAsaet aeni fyindl Rpaegeraail so

MLAs were applied to aid in the differentiat

detection of di sease.

5, 3. 3.1 Application to Al Fingernail s

CWS paired with NIR spectroscopy, successfu
themselves to prodwuodléud m&BxA mmaet cSh. was consi
iframaolfud 0.95 was achieved. In somevealses,
of O 0.95 and therefore no natwelesé& @Qh0.l E5 o4

NYN



indicated

ofpar

(heawtalBy) ncorrectly

be
chypactidr i sroracresx ampl e, M\
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hi gh Seuwebrear| onha tntahtecsh ecsccur r ed

tici pantfer et

a

et 2202Q) .
o X 1
. Iq-
ey
||:EI 09
20 HEL _.:!EII
:I-l-l_l._- .I_-l:
30[:.I.III_ I..l I.l
2 e
e
o
(@]
.E —l
L 50+ IIII
" ‘ I H II .l i
H fﬁ‘“ﬁ'—l""ﬂl1r
.IIIII S IJI- l n I |
10 20 30 40 50 60 70 80
Fingernails
Figub.e GWS of avklIageedMS&€d NI R spectra of fi
heal {b9) unhe(addtdy CYB55) DM/-68 and GVMDmbetic
partici7@andgd measured using the Per kNInNR EI me |
Spectrometer, equipped with a NIRM. A dark bl
of 0.30 and a dark yellow colour represents
the r val QeSO0 Oscpdobnrde | ti @ ht blue coloud, 69 val
correspacnydant ocol ©075 007 0 easgproenedn | foau@i @680
correspaqrdeetnoi sh yell owi @09 ® uc omrmalso@aoarthdy et o
col our.

NY =



To furthermuscetrchagPddm wWRVES appl-Dle dt rteoa tMeSAC N I
spectra, with PCl1l (87.6%), PC2 (3.52%) and
93. 3% wofvetrvhmerli ance 7) Fi domwe v e an overlap b
groups was oObser vaedac uarnadt ep rcelVuasatteerdienrgl appi ng
could be attributed tlof ionmgermfaitl Isr esehare agornh
endogenous c@nsgddaaternals,range not targeting
or3) (i mbal ance among the categori ers, ftehde iPnCtAo
confirmed the relationship between CVDs an:
fingephmyisli sd@cphreonperatti es i n a similar way. S
when a selected wavelength was utilised and
of healthy, CVD and diabetic spectra.
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Fi guime PBCA oDl MStCeated NIR spectra of fingel
(gr eemn)n hyq aratgre,ICtvd) r edii) abehbli e CVBEli abehl @ c k)
participants measur e dpwesitmag nt ANav &P d8pkeitnt rEol meet r
equi pped with NI RM.
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Regarding thBCr hogdiondgshe howevde rb atnhdes wavenun
regi on4s8uwf910,2985516 ahdB4068 ¢mi gy Ehes.e
regions were asssogHaGH,d, RMRE A RCOH ROH (Jee, 20
Within this rég6and baddverem!|inkedfitowgernai
glycated protet nzz0l9Mo.nt eyne
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Fi gu8e PBCA (@A mRC2and (Cof PMBIC treated NIR s
of fingernail s taken from healthydi abehealt
participants mePaesrikkrien® Eeaiem g mt NevdR MpETtr omet «
equi pped with NI RM.

Thi s suggreesdcdct df diunreuseé ngal gor intghwiss faonrd /doert elM |
fingelSOMs| ssere explored as an additional un
Figubdemonstrated and confirmed PCA findings
groups of pariMadirpaaxnths ghTheghWed the weighte:
nei ghbouring neurons. Asaptftemiotdleytbepgl ai 1fe
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43.)4 the red |Iines connecting the neurons (p
bet ween neighbouring neurons. Hence, vari ab|
smal |l er di stances bet ween neur ons and wer e
(bl ack/ r endg/ed)a.r kWhoerrae a s , variables that were
di stances with | ower densities (19 ghtheorvamsge
maj or i t yMaotfr itxhecadnt ai ned higher densities, i

the gobupbsngernail s.

sSoMm Neig‘hbor Weight Distances

25— -

1.5+

Fi guPe Mei ghbour wei ght d-Ddtdmecas e8OMI BRf s M8
fingernails taken from healthgiabebheal phyti C
measured using the Per ki nNIER n®pe cStpreocnertuent , T we
with NI RM.

Wi thin FOguriene5.glroups were Vvisualised. The
consisted of healthy, unhealthy and CVD fing
= 327, 23%) corresponded to spectra taken fr
Group threed%)n was27cOoomplri sed of healthy, unh
di abetic fingernails. Further overlap was se
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(n = 113, 8%), group six (n = 187, 13%), gro
= 91, 7%), which were attributed to fingerna
di abetic fingernail s. Group eight (n = 33,

fimgpaiTlhe. overl ap bet ween groups confir med

i mbal ance, as wel |l as the presenclee alft hegyndo
unheal thy, CVvDdi dbMe ands CiVibgtetr @amai bal ancing of
i mprove futoemaéei MbA.appl i
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Figud® Sample hitsDISOM eoaft eMISONI R spectra of
from healthy, unheal t hdyi, a Ce/tDi, c dp aarbteitd icp aamtds Ci
the Perkin EIl mer -BpRcSpemt Twme  NeFT equi pped

5, 3..3pplications to Fingernails Taken from CVD P
To explore NIROGs abil idiyf fteor editf fcearteengt@iWebstees bo
met hod was appl)i.edF olHsieghusrsep f5.fli nger nainlds wer
bel onged twcthatdtbeceampamrtevi ousl yARHR(MMdSMY4s)ed w
hypertensi on ( MWS 4 6, MWS 4 7 , MWS5 2, MWS 5 5,

MWS 6 6 and MWSTn1g peaxchd artd di seas€i gluMWwS48) 11
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demonstrated t hart uéalewdpaweaed cad clear vari a
fingernails of different CVDs. For ri nvsatlaunec e,
O Ow9MWS44 (AF). Thus, CWS was not successf

conditions.
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Figuit® 6WS obl1l MiStCeated NIR spectra of fingerr
MWS441MWS462) MWS437) MW 48 MWSH2) MWISS56HWSS5 6

(7)) MWS68) MWS69AMWS661@GNd MWESTIL)who have previ
been diagnosed with a CVD, measured using tF
NI'R Spectrometer, equi pped with NIRM. A dar k
value 0. ®8558nd a dark yellow colouil0.98P8r ese
T1.00. In betweeni®Ohé4rcounanltaddapgchad tl6u7e col our
of OGO07BO0O cor racsypaonn dc otldoQu.r8 4 Oc @rOr aegsrpeoenndj t0o. 8 5

0.90 corragspeemd stho yel |l owOcO@bogeoraamep@n@g®to

col our.

SubsequRr@QA I vagpspl i ed tooMInRli svyp eddCtyrDss WFtHYur e 5.
The first two PLY atcohptedrfandédheadPrCossotrles
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pl ot showed one set ( MWS71) di fferentiated

corresponded to an individual with hypertens
On the other hand, the other sets were grou
CVD diagnos$his demonspeatedsctcbovy hpPRCrAedvas n
accurate in differentiating between fingerna
%1073
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PC1 (91.8%)

Fi guit2PGA of-DMSCreated NIR spectra of fingerr
MWS44bl ue , c i MWMSldresed d ,cMWSAId) ac k, cMWX4dnB8a)gent a
cir,clMwWYs2yan ,ciMWI5ga) een, c MWEIy&) | ow MWS6EBe)
(bl ue tr MAVSGHeed t,ri MWEHDdE pck amd abM@yE®dgent a
tri awgbehave previously been diagnosed with

the Perkin EIl mer -BpRc$Spemt Twme  NeFT equi pped

The same findings SWMsep pdbteali nteod tfhoer NI R spe
indi viFugu8eabd)l5. BEdr exampl e, fi MgvsbRail S
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MWS55, MWS56, MWS63 and MWS64 were closely r

via neurons of yell ow and | ight o’rlawag e . I n
represented by the dark black neuron, hi ghl
di stance. Therefore, suggesting that this fi

and confirmed thke PECArki nddnaged dark orange

medium rel ated spectra and medium di stances.
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Figun8 WNeighbour wei ghtMSEEDst aneatse®OMI Bf spe
fingernails taken from participants diagnose

El mer Spectr-dmRTSpeNtFOmMeter, equipped with

During the visualisation of sampl e hdi)t.s, n i
Group one (6n)6=AcdBsi sted of spHWE44, tHIWEBHO6 T r
MWS47 and .MWX6oup two 1Q3n 2¢0 r3r2e s pMWSI4e6d at nod

MWS 4.7 Group thr e POWéss 2nade upm oNMWSHEGatorugp fr
four (n o6 285 s at tMWSHWt, e MWSal 6 , MWS 4 Gramug MWS
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five (nl#. %66 fingernail sets MWSS52, MWS6 3 a
25 10) 383®Wnds MWS4gél fando. MW6c3up sevenO)mB3% 2!
represenNMwW4 b5 eadarsd MBI O ps e,i ghts58mnnd =ni2n3e ( n
19. B%si gnMW848 et IWS5 2, MWS 5.5 Sewwde rMBWS 5&6f t he

fingernails have been sampled from hypertens
di splayed hypertensi ve sympt oms. As a res
physicochemical pr oper tdlews t etrreds tloagwd hbe.
clustering of the PCA aoamouded ,i nfturotdhuecre d€ih Dh ¢ rua
further spectral ranges optimised.
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Figuté Beighted nei ghbDolurtsr esaQM do fNIMSG pectr a
taken from CVDs participants measured-using

NI'R Spectrometer, equipped with NI RM.
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5. 3..AppBlication to Fingernails Taken from Diabet
For the differenti 4§ MWskmalnd TTDOAVMIWDH403 ha nfdl DMWS 7 9
wer e i nicnl utdreed comphei €W met hodNIwWRss @@t nadc
di abfeitngetromai st ermining the differences bet
5.15). Yet as only three participants were a
could accurately differentiate between T1DM
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Figurlé 5CWS o0ofD1 M$Ceated NI'R spectra of fi
participantbs)sMWB54@ 0gnd MWSZF¥B5) who have previ
been diagnosed with DM, measured usi-NgRt he F
Spectrometer, equipped with NIRM. Ar dwalkuél u
of 0.40 ared laow icpHtour i ndicalfed . ®98&8xi humbe
t hre val oé T0. 4841 correspond toi @. 0 ueorcrod Dpuond
cyan coliomr800cadrnrespeonondolt ounrni 0Ognidd Oc.o81r e s ponNnCc
orange col our.
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PCA appltheddfNpa&ctra of di adbedt incotf isnhgoew ncalid asr
bet ween T1DM and T2DM pafdfbhecifpasts thFiegu rPeCs

95. 6% of the variance. PCl captured the | ar
(2.99%) and PCe2rbapweeén. scores ofweTEPKNand
and this indicated a type 11 error. However,

three sets were evaluated.
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Figuie PCA o0l MSCGated NIR spectra of fingerr
MWS4@bl ue ,ciMMSI5rdeed enMevsSeE®bl ac k,whior dhlaew)e been
previously diagnosed with DM measured-using
NI R Spectrometer, equipped with NI RM.

SOMshowed better classification between T21DN
and 5. 1T8)e-ydlilgdhiaw col ourededh2bMoeset $ nd Moved 3
MWS7@antdhe dar ker col our neur onsco(rrreeds,p odnadrekd of
the T1DODNMWSHLFiI gurje 5.
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SOM Neighbor Weight Distances
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fingernails taken from panthéeaspaadsusiagnbolse

El mer SpectrdmRTSpeNtFOmMeter, equipped with

Sample hits SO h(oFwregdwreeo ugp.®ups one 6(.)0 62 wWo
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bet ween the TdhMNMaspbestraed for ,gridu. %Groauup (r
five (,n 2=7). B8oadoifsStMWS79 spectra. , Grldy ®B 1 %i x
repr esbkentth MWS51 and MWS79. Final9l.y0,9%iroglhitp s ( |
= ,4 6.)06@%d ni,ne )(Iondi&atpresence of MWS51
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Figud&8 Sample hitsD1ISOM eoaft eMISONI R spectra of
from participants diagnosed with DM measured
N FNIT R Spectrometer, equipped with NI RM.

5. 3.4 Classification of CVDs and DM

Considering the | imitations in the previous
CVDs subcategories and overal/l classificati:
more inclusive fingernailsdé dat.asets for ind

5, 3..Application of Classification Models to NIR

Unsupervised classification ML models were a
= 14NDIBR spedtnrcd uding fingernails from indivi
conditions. Following the removal of outlier
were tested. From the tested models, five mo
the teseinghesesagmodel s includeda, bhggetdedr Er
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(Figueéek, 5ctibic SMUM)c( FByYMr Eebnk9d9)d (amidg ugruea dor.a t
SVM (Fi y9)e.e TShe aforementioned models produ
72. 7 %, 74. 4%, 69. 8%, 62.0% and 69. 2 %, respe
across these models could be attributed to t
heal t hy, unhealttilcy,an@lVEXVet dicalye oups. 't has
shown th-atmballarsses can significantly i mpact

accuracy acro€kBawbLamode0ds; (Hossin ard Sdl.ai m

2019). Consequently, model s were I|ikely to I
and bias was introduced (Al i, Shamsuddi n anc
were of t he most i nterest i n this project,

model s were trained with an equ-dlelvel di sgr iwa
necessary to reduce the <c¢cl asses -sianpd i g < phe
majtoy i cl ass, di screpamaijeos i bgt vaenedn ntimor i ty

mi ni mi sed (Ali, Shamsuddin and Ralescu, 2015
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Bagged Trees Cubic SVM

Bagged Trees
a ) b c
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Figud® ®nbalanced (a) bagged tree ensembl e, (SBV)M Kkea snted d atnrde € e n ¢
SVM model s of fingernh) |l wvnhdéaRpthiAB®) am ghsas ldtch-gCivVaDb (e Sp)iaa t | cmepaasnutrse d
using the Perkin EI aNklrR SSppeeccttrruonmeTtweor ,N eFqTui pped wi th NI RM.
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Model s were balanced, with each group of i n:
anwerveal i dated and tfeosltde dc ruwssisngvad ildati on f ot
accuracy (Harper, 2023). Additionally, 20% o
testing, the accuracy of the bagged tree ens
whi lee achcuracy of the boosted tree ensembl e
model s decre@pedN¢imaeabhel Bss, the increased a
the five models provided suppmbrt ancet odbspeotwv,i

the previ pnuesg anoaley si mpacted the classificati

accuracy of the SVM kernel mo d e | after testi
successful when hanaol ded eu mk mewn heeatoaer al | e
classification models, the following paramet
FPR, sEbr e, mi sclassification rate, precisio

( Tab#he 5.

Tabl3® Yalidation and training accuracy of th
Model Validation accuracy (95% CI) (%) Training accuracy (%)
Bagged tree ensemble 79.2 (74.2-84.1) 81.8
Boosted tree ensemble 30.3 (24.7-35.8) 18.2
Cubic SVM 89.8 (86.8-93.9) 89.4
SVM kernel 78.4 (73.5-83.6) 80.3
Quadratic SVM 92.8 (89.8-96.4) 87.9
Cl: ConfidemsyM:i Su@pwaltsyvector machine.
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Tabl4 5.he accuracy, AUC, stalree mosicltliassi fat
precision, preval ence, specificity and recal

classification model s.

Parameters Bagged tree Boosted tree Cubic SVM Quadratic
ensemble ensemble SVM Kernel SVM
FNR (%) 41.1 44.1 14.5 41.6 10.2
FPR (%) 13.1 77.1 8.91 13.4 6.34
Misclassification rate
(%) 20.83 69.7 10.23 21.6 7.19
Prevalence (%) 79.9 79.9 79.9 79.9 79.9
Specificity (%) 58.9 79.7 85.5 58.4 89.9
Precision (%) 84.7 64.4 95.3 83.5 96.9
Recall (%) 86.9 22.9 91.1 86.6 93.7
F1-Score (%) 85.8 33.7 93.3 85.02 95.3
AUC 0.956 0.834 0.993 0.982 0.993

AUC: Area under the curve; FNR: Fal se negative rate; FPR:

The mowkilch achievedestaecncgor gbgstwere cubic
guadratic SVM with accuracies of 89.4% and
combination of NIR specinosbtepy¥hawddB5¥ e me de
in the classification of cancer, endocrine
di seases e(tViatd®r3inn oot herSVsM undo deeskceonsi dered t h
standard when working wieth 2NIZ2R., ;s pReacstgruail nid,at?2a

For the cubic SVM model ,s&¢n Mm2 scl awbBi ¢chcaer e
spectra misclassifi)adda€VDh(lFaiag-®Rr@gy. YA = hloOwn
in Fidguhe pPpresence of the highlighted compon
bet ween heal t hy and dwhaibceht i werfei ngecoant sd
classificatwasnmedestsi ng that no unhealthy ¢
mi sclassified aBhereadldihy S\pPM chN Beldhys h -WwPRd
of8. %l1s peicdift §5%0f r8cal | poéc  @dib@@n & iscoofe

93. 3%lence, suggesting that the NIR spectrom
classification mo del was abl e t o di fferent
fingernail s. Mi nor mi sclassification occurrtr

whereby two CVD isspdcatsrsa fwerde am di abetic ano
were misclassified as CVD. The mi scdaabsesi fi ca

attributed to the sharing of biological mech
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NCDsa,s wel | as their relationship as comorb
through the miscldaisashieftiiccats ppenc torfa CavsD di abet i
CVD spectra (n = 7)dmabetltiassi fied as CVD

A similar trend was observed in the quadrat.
correct classificatioosl &ng 0. ®Wsthasast hisa

only eight healthy participants were miscl as

1). From the CVD group, two participants wer
di abetic. One diabetic spectrum avsadC\ah stcil @as s
The quadratic SVM model achieved a miscl assi

a FBR 10.2% and a specificity of 89. 8%. For

al ongside a precision svcaolruee ooff 995 .938 wahsu sd e
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Cubic SVM
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Quadratic SVM
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Figuee Bal déagedubic SVM and (b) quadrgatic S
unhea(l2)h@¥VB®) di dbl@nd caNNbEiflimgernail s measur
the Perkin EIlI mer -BpRc$Spemt Twme NeFT equi pped

Addi tbonalty <cl assivwerteani oedmadeéel vyalidated t |
of two cl asses, those being: heal thy and CV

data caused sever al mi sclassifications. and r
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Therefore, a total of 66 random spectra we
classification, the accuracy of generated mo
the validated and trained models prodTcing
model s including21i)anemetdieuem (tRRiégbu {eFd gaua er He t
(Fi gwrlie 8emonstr aterdd vtaastdian g 0 in e sa nodf 9925, .33%%
respec(tTiavbeb)ey 5.

Fine Tree Medium Tree

oRihas

lemr , T v

True Class
True Class

Predicted Class Predicted Class

Coarse Tree

True Class

Predicted Class

Figueé Balanced (a) medium (b) fine @by (c)
and GWDi ngernails measured using theNIPRrkin
Spectrometewi NBERMI pped
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TablAdcuracy values of wvalidation and test 1

co

Th
mi
mi
mi
to
W0
of
hi
re
at

r e

arse tree model s.

nw u u o

® DT T X T O O O

Model Validation accuracy (95% Cl) (%) Training accuracy (%)
Fine Tree 95.3 (89.8-99.1) 92.3
Medium Tree 95.3 (89.8-99.1) 92.3
Coarse Tree 95.3 (89.8-99.1) 92.3

Cl: Confidence intervals.

A g the aforemwet e o alhddvieo d(elasb | Teh e5 .

|l assificati on across t he tested DT mod
|l assifications observed per model . Spe
|l assified as CVD and four CVD spectra we
revdioes, sthe accuracy obtained within th
by Agbemade (2023) showed accuracies of
atients with and without heart disease,

|l igati @« hef ccaasseess ,t ot hneornef or e, the | ow ac

arch may be aitmbalbaned. t dormeecvears,s this w

]

i butes such as age, chest pain type, r
ear c heerrionse neex, p whi ch focused on NIR spectHt
el devel oped by Agbemade (2023) increased
er irrelevant patterns within the trainin
i c att etdh @ bmaud edengtener al i sed to future det
Zupan, 2021).
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TableP&r.f or mance evaluation metrics for fine
model s for the prediction of healthy and CVELC

Parameters Fine Tree Medium Tree  Coarse Tree
FNR (%) 15.4 15.4 15.4
FPR (%) 0 0 0
Misclassification rate (%) 7.69 7.69 7.69
Prevalence (%) 50 50 50
Specificity (%) 84.6 84.6 84.6
Precision (%) 86.7 86.7 86.7
Recall (%) 100 100 100
F1-Score (%) 92 92 92
AUC 0.953 0.953 0.953
AUC: Area under the curve; FNR: Fal se negative rat

Cubic and quadratic SVM model sclalsssarnfdrea®meéd s
only multiclass classifiers as mentioned abo
SVM model s vahoudtartaiionni ng accur @€di e®5 ®Bf-=198. 1¢
99. 1W)0% and (9B. T%H -1D09Y R0 AL%espectively. A to
mi sclassifications were observed within the

spectra were misclassi2f2laed Ths ekbeaml slcy a6Bi §u

shown within the CVD quadratic SVM model , t
CVD and two CVD as 2Rpwal The (Bl gere@oSitive
attributed to a type [ error, whereby a ¢

mi sclassi fied aswaGVnDt.e rHosweivnegr ,t o tpoi nt out t
CVD spectra FopsbeevzeTdhei nr eoccurrence of this
not be an error of shaeandl| aowuil fdi chaet | oal artoedd

endogenous constituents fbetgeesgpmcheadal.t hy and
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Cubic 3VM
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Quadratic SVM
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Figue2 Ha) Cubic SVM and (b) qu@@dnadt @aBDSVM 1
fingernails measured using tha&lMRerSlpierct Elomert ¢

equi pped with NI RM.

Performance evaluation matrices were al so a
cubic and quadratic/) SVMhmodebmpaTah!l ei5ectly
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ubic and
cross al
houl d be

ompl exit

umber of

c

a

s

c

and/ or ot
n

bi ol ogipcaat
S

tructur a

Tabl7e Per

predictio

guadratic SVM model s, the binary m
I evaluation matrices. Theredore,
perfor med usi ng binary model s r e
y of mul ticlass models creates ove
her irrelevant patternsi wereasneidsc
mi sclassificatiooeubwda tadt tnr itbthwet emdu |t
lhoabnbdgsi mi | arities betweensCwviD$aand

| and chemical c¢changes to the finge

formance evaluation metrics for cub
n of healthy and CVD NIR spectra.

AUC:

Binary cl
versus di
trilayere
exampl e,
whi ch was
net wor k p
Th e mdlaty e
respectiv

spectra 8

While pre
f ocused o]

Parameters Cubic SVM  Quadratic SVM
FNR (%) 0 1.87
FPR (%) 3.77 3.77
Misclassification rate (%) 1.89 2.78
Prevalence (%) 50 50
Specificity (%) 100 98.1
Precision (%) 100 98.1
Recall (%) 96.2 96.2
F1-Score (%) 98.1 97.1
AUC 0.985 0.987
Area under the curve; FNR: Falese negative rate

assification model s wer e al so deve

abetic fingernails. For the <cl assi
d neural networks produced thre high
the bilayered neur al net wor k demons
then i ncreased to , t0lé® %t diuraynwgr @éd a
roduced a validation accuracy of 9
red neur al net work models produced
el vy, suggesting high | evels of dis
Tabhbhes5. can be applied iin future ca

Vi ous research has shown successfu
n the apeNLBarandomofomDdst &l gorith
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(' parr-digluli aemeee 2823; eRezza024) . Cubic and quad
model s, al so produced high |l evels of accur a
cubic SVM model produced a validation accur a
100%. The AUC for 2 hiTsh emoqdueald rvaatsi cO.SOV8M pr odu
accuracy of 97. 2% and a training accuracy o

presenterds as 0.9

Tabl8& ®erformance evaluation metrics for bil
prediction of healthy and diabetic NIR spect

Parameters Bilayered neural network Trilayered neural network
FNR (%) 3.77 5.66

FPR (%) 1.89 1.89
Misclassification rate (%) 2.83 3.77
Prevalence (%) 50 50

Specificity (%) 96.2 94.6
Precision (%) 96.3 94.6

Recall (%) 98.1 98.1
F1-Score (%) 97.2 96.3

AUC 0.982 0.975

AUC: Area undeFPRheFalseepositive rate, FNR: Fal se n

5..€oncl usi ons

This chapt eranidnwesatliugpabttaldNt Respsetroscopy for
of CVDs and DM wusing fingernails. Despite t
producsetdr oang ,( n36F 5@ medi yutn3 .(%NI RGdacti vity
moderately high numbeirl70)f. NSpRecbhtamds v(iinsu=al 1 s
that di abethathfe nlgoewensati Issbsor bance across th
attributed to the severe increase of gl ucosce
causes the displacement df. gFluurctohseer nwirteh i ne xtth
of glucose (hyperglycaemia) possess the abi
resul t, i mpairing the deposition of endogen

creating a | ower | evel of NIR absorbance.
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The overall guality and sepdreatmporno voefd btrhoraodu
the appl i céetli,omwhdafchM$C oduced st,r olnpg) %al sR waecltli
as a high numberi 240 )b.ab#EFCe(cp mmrlocé6si ng was
applied to the NIR spectrapr wWbhesei ndret @ad lomiel
all ow for the separation of NIR bands, a hi
To ensure that spectral ommitgeo dwasdnatr rmil wla:
wi tthhew data during the application of MLAs, |
MSED1.

Three areas of interest were identified thro
spectra. The 4004860 r'emwas &#t rH bsuttreedt -6thoi nQ@ ,
bendi ng-Ham@én®i ng of glucose. The broadness
region highlighted the <concentr &tCiAo nmoafel gl u

succesclfad higfailadchy and di ambedti ca sacwrraetwa scllhes t
obserwhedh PCA was appltihed regg 0D@me6 6a8and 5binl100

4, 600 YemwhemCAras applied to thehéahgbynaCVBoba
di abiendicvi dual s, the accudaawnwdoft hcksusoetidnde
the common endogenous constituents among i nd
dat@n the other hand, unsupervised classifi
classification than CiWssbarnwve POAo. wiTthh sa av@alsr aa
cubic and quadratic SVM models when applied
model s applied to NIR spectra of fingernails

t han CWS, PCA and SOMs.

S 5. Key Messages

f Glycated proteins annmaiAG&ESGCdwed edcdR @ ct ed

the fingernailsbé NIR spectra

T NIR spectroscocpuybipcaiarneddSywatdt assisc fi cati on

produced the highest accuracy of alll ML n
1T Accur atdyet Bg@VDs and DM was greatly i mpr
application of binary classification mode
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T Bal anced and inclusive datasets are cruci

model s.
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Chapter S X: Attenua-ted

Fouri er transform i nfrared
detection of cardiovascul
di abetes mellitus 1 n finge:l

The aim of t hidcetcehramhteealf evaasdsl EEITOISRb g c bf oscopy f
deteg@VDsand/DM i n fi nFgenrgrearinlasck. TER APRBctra we
measured using two portab(lle)hepdgiitemét2dbd 0l
the Agilent -EaFrR 6BOccATEkEnEd ef 2B ger naet e sets
measured using the 4500a and Caidy 630 hspactr
fingernails were separated into one of five
and a@NVMDhbdthiec.findi ngsATH & WwRBple ctthraotsuccocpeys sf ul |y
identi fied key endogenous constituents suc
chol est kreolawlaimgh vari ed iimt eanb§otritbéagsnrc ec o mp o un
detectedFTINR AdfReeactpt uc hsagllensi ty | iHD)h@mat ei ns
homocysteine.atTbML Aashypd h CWHS RRGOOAA SOMs showeod

accurate clustering between.healthy and di se

6. 1 I ntroducti on

ATHTIsRectroscwpyely empl oyed WKioal adiiecaldemdtit
suchblagedl!l i va, semen, sweatetanald 213 ;i nMi {tGeok da
Lednev, 20 1e8t; aW d)yB.onPrevi ous researkhl Rhas [
spectroscopygdf eessdiethe @atsi acute myel oegtd dle.uk a.
2023), Al zhei mereGs a0l @9pascsenD@Haturena023), breas
cancer ( Detpciallb.h,6) , |l eukaemi a, t hadnmds s e mi

myel odyspl astic ety rmadr28me ( Del rue
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For DM deATeHETIi ®Rnspectroscopy was successfu

fingernail cl i peti n@xs0 Iby) h@Qawmhmoman fi ed gl ycati
cmin di abetic uf(iznedr)naall so -FAOHA Rl isepde cATTRO scop
fingernails and was able to determine factor

origins. AschdpfeofbeHei hhne s4B)s§ e(xs eacntdi @lteyni ci t

an i mperative role in thenstictaungdotdsa tsie@rs eo fr ed
bi omasr kiemt o fingernail s. Furthesmohe ast IC&Dpr
and/ or DM al so i mpact s t he spectroscop
compounds/ biomarkers in fingernails. For ex:
ability to gradually modify the inherent mat
rangé 6i ssues including fingernail s. Furt
hyperglycaemia (seen I n di abetic patients)
deteri dhrwmg, nigt. i s | nsppeercadroqgviec h miadq u ecle®$s tChe

ability to detecsctpedaffriargennTahsilss nwotrhke ai med t

the feasi biFMTIiRy spectAM®scro gV Dfsorandédtoagac mnbdM
fi nger nTahiel sobjectives of this work were:

To determi-fR&@l RhacATRI, t CV®f amefaildi daegprentaicl s .
To interperFeltibRERegs ATRD dondd mdMhkerfs ngernai | ¢
To evaluate the accuracy of MLAs for cl i

fingernails

6. 2 Met hod and Materi al s
6. 2.Mhteri al s

For this project, 126 sets of fingernails (n = 1191 clippings) were collected and

analysed. In total, 92 (73%) sets of fingernails were complete, 15 (12%) had nine

clippings, eight (6%) had eight clippings, six (5%) had seven clippings and five (4%)

had six clippings. Both female (n = 76, 60%) and male (n = 50, 40%) participants were

recruited and were between 18 1 84 years old (Appendix B1, Tables 1-5).

Each clipping then received a label from A - J based on their size. For example,

clippings labelled as A were the largest fingernail clipping in length and width. This
clipping was often taken from the participa

smal | est fingernail clipping and was t ake
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finger. Measurements including length, depth and width were taken using the Digital
Vernier caliper (07 150 mm) (Vernier Calipers, Nord, Italy) (Figure 6.1) (Appendix B2).
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Figude (d@hsurements taken from fingernail c |
and dept hETI(BR)s AdRt r (@ag rodveermn)s allst ICkd)nger nai | s a
(c) -ATIRR spectr agoéweamesalst lyohbehgernail s meas:s
using the Agi-FEhR 4pe6oO6br amBter equipped with

6. 2.1 -hstrumentati on

ATR-FTIR spectra were collected using two ATR-FTIR spectrometers, those being:
the Agilent 4500a and the Agilent Cary 630 ATR-FTIR spectrometers (Figure 6.2)
(Agilent Technologies, Inc. Santa Clara, CA). Both spectrometers were equipped with
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an ATR diamond holder. The spectral range varied in both systems such that the
4500a had a range of 4000 i 650 cm™ and the Cary 630 had a range of 4000 i 400

cmt. Each spectrum was the sum of 64 scans at a resolution of 4 cm™.

Figure @®d)e Agilent-FBS5RO0ap&dRrometer equi ppe
di amond and diamond holder anETI(B)spgeact rAgmd t
equi pped with an ATR diamond and diamond hol

6. 2. 3. Procedur e

Fingernail clippings were removed from vials prior to analysis. Individual fingernail

clippings were then placed directly onto the diamond holder. The contact between the
fingernail clipping and diamond was made an
pressure clamps (Agilent Technologies, 2017). As highlighted in Figure 6.2, both of

the ATR-FTIR instruments possessed a clamp sampling module, this module was

rotated clockwise until resistance was felt and remained stationary throughout spectral

collection.

A total of three spectra were taken from both sides of each fingernail clipping. Spectra

were taken focussing on different sections of the fingernail clipping, as well as the

dorsal and ventral layers. In cases where fingernail sets were incomplete (less than
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ten clippings), additional spectra were collected. Between spectra, the fingernail was
removed from the sampler and the diamond cleaned with soft lens tissues and
isopropanol. A background was then taken for baseline corrections, which ensured the
removal of background noise and accurate interpretation of spectral data. Polystyrene
film was utilised as a reference spectrum for calibration and allowed the instruments
to return to their original baseline. Across both instruments, spectra were exported as
.csv files. Spectral interpretation was made through functional tables found within the

literature as well as through reference spectra of standards.

6. 2. 4. Data Anal ysi s

Pre-processing treatments were not applied to ATR-FTIR spectra, as they are
inherently less affected by multiplicative scattering effects (Rinnan, 2010). As a result,
scatter-correction techniques such as MSC and SNV, provided limited benefit for the
interpretation of ATR-FTIR spectra and instead would have introduced noise and peak
intensity distortion (Tsagkaris et al.,, 2023). Spectral quality and interpretation
assessments were made in MATLAB R2023a and Microsoft Excel 2019. Spectral
guality parameters have previously been described in chapter four of the thesis
(section 4.3.2). MLAs were applied to the ATR-FTIR spectra included CWS, PCA and
SOMs.

6. 3. Results and Discussi on

ATHTIR spectroscopy was applied to a total
interpretation revealed key bands related to
and in several cases indicated the absencel/
ML As hfeur tdemonsdtetéethiptatbe | i t i eFsTIsRpbe ¢t threo AT KpYy
for CVDs and/or DM in fingernails.

6. 3ATHTI R Activity of Fingernails

Spectr al i nterpretati oB27éeBd&I17e d 1166141255816 &t u
i1562 151M,6 andk9¥D49,2920, 2851, 1452, 1738,
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cm. These bands were |Iinked to proteins, I|ip
ami de groups (Table 6.1).

For pr ditfeiirnsst, btand d3x2 7e7Tt(emmmetsH iastt Nt amidn g

was | i nrkiedle tAdA af keratin found within finger
2018). The band | ocat ed?lcaotr raepspproonkti esla rtedt ¥Nh 3 O @
and was lamnéedAtand et (20h2a0r)ma Thi s area has
associated with the asgyhd slterdshi nhgelmodieo of |
triglycerides (Selvam and Guhasekamainte2018)
wasel ated to thelfkxng&hnaibadd ICx® beéeeetahtim
coupled-pwianke bentHi agdNo€tNetchingt (30b€@aram
Gunaselar@dh0im@daypde apparent the presence of Am
between the irlégi2odtc nMib8 2presence of thHs band
il ane bending vibrat iNons,t hsethrgo rvg lbyr acta uopnl eod  tf
NHscissoring (eGu,naa3.@k@y anMor eo¥(ed®, sat etl&EBBNG
coupl edHwhbhéemdiNNng def edr matriearc hamdy)C ami de || w
was relapedteontslhid Saokilraa®md 16) . Finaltl vl .Sha
(2020) highlighted the presence of ami de 11
The aforementioned bard D emdr en-ga tatmrdiptiNatned bte m c
paired wN tbhenO=iOh-§ @tnmdetCchi ng, r eestp edt2iQyel vy ( ¢

Regarding fliibpiniddd e n twiafsi2e®9d6 O *amdaat t ri buH ed t o
asymmetric sta(sSted vtam®d0 b§; CHuetd azalalng ) . Simil a
Il i pids and proteins were det&(CtHeds yantmeappco
stretchigng8bolfl (@M symmetric st)anatidBbRh@Gdvf CH
and s@Blymmetric bendi ngt nmal2e;) Jueticxtehrd ) .

band rel at edevtiod ethDL awa sld7a3s8t tcrm buted to C=0

chol esterol esters (Barton, 2004; Selvam and

Regar dminngo aaccyisddsei ne, cystine, tyrosine and t
approxi mately wh3xéh ovmswiatshs otcheat edmmetsri ¢ mo
(Bantiegni898; eMiaW23) .

Glucose was detected?!atwhdidcithe andr il®W80ed mMCO

stretching (Selvam and Gunasekaran, 2018).
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Tablle &®pectral interpretation of
Cary O63RHTIARRspectrometers.
Band Position (cm 1) Functional group Association Reference

fingernail s

3277 Symmetric N-H stretching Amide A of protein Selvam and Gunasekaran,
2018.
3067 N-H stretching Amide A and B Sharma et al., 2020.
2960 C-H asymmetric stretching of  Lipids and total Sharma et al., 2020;
CHs cholesterol Sundaram et al., 2016.
2920 C-H symmetric stretching of Lipids and proteins ~ Sundaram et al., 2016.
CHs
2851 C-H symmetric stretching in Lipids and proteins ~ Sundaram et al., 2016.
CH2
1738 C=0 groups of cholesterol High-density Barton, 2004; Selvam and
esters lipoproteins Gunasekaran, 2018.
1644-1642 C=0 stretching coupled with Amide | (U-helix) Farhan, Sastry and Mandal,
in-plane bending of N-H and 2010; Fernandez-Higuero et
C-N stretching al., 2014; Sundaram et al.,
2016.
1633 C=0 stretching Amide | Sundaram et al., 2016.
1582-1562 N-H in plane bending Amide I, Gunasekaran et al., 2010.
vibration strongly coupled to homocysteine
C-N stretching vibration
protein, NHz scissoring
1535 C=0 stretching coupled with Amide Il Sundaram et al., 2016.
C-N stretching and bending
deformation of N-H
1452 CHzand CHs asymmetric Lipids and proteins ~ Sharma et al., 2020;
bending modes Sundaram et al., 2016.
1447 Methyl symmetric Amino acids, Rakesh, Charmi and
deformation triglycerides Rajesh, 2014.
1398 Symmetric mode of CHs Amino acids Bantignies et al., 1998; Mitu
etal., 2023.
1296 N-H bending Amide Il Sharma et al., 2020.
1249 N-H in plane bending paired Amide 111 Sharma et al., 2020.
with O=C-N bending and C-N
stretching
1115 CO symmetric stretching Glucose Selvam and Gunasekaran,
2018.
1080 CO symmetric stretching Glucose Selvam and Gunasekaran,
2018.
Vari ation was also observed from fingernails
hands. This was the case for fingernails A a8
thumb finger of e a c hF Thi aRn db. a nAdts , s efvienrgael r nAaTiR /

hi gABRETI R
1 fingern

fingernail

suggestithge ehabgenous

The vari a

activity in comparison to fingerna
ai l AF BIhRPwedt eems iATYR of 0.1102 abs
B dRTsIpR aiynetde nasni tATRof 0. 0983 absor

constituent content we

tion bet ween two fingernails samp
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proportions (length, width andtoreethamdedmes
of the participant. Research by Griffit+tths art
and +iagghtedness played a role in the growth
i denti fi ehdantdheadt irnidgihvti dual s di s plianygeed nfaa sl tse ro
their right hand in comparison to their | ef
handed subjects, who demonstrated faster grc
Grfiift hs and Reshad (1983) believed that repe
t hfei nngaeirl pl ates found on their dominant hand
rates. Trauma therefore acted as a prolifera
of growth. However, the difference between g
nogtatistically significant (Griffiths and F

Yaemeitr (@2010), who did not detect araitemsi fic
of right and | eft hands in relation tet domin
al (2015) I mplied that handedness pl ayed a
fingernails on demomotnr antaintg hanldar ger radi us

cur vat utrleodér acind @ thienamtn hand.
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6. 3. 1.1 Agi | eFnTtl R4 550p0Cac tAToRMme t er

ATHTIR spectra showed differences in intensi
cm(Figure 6.3).

0.2

0.15

©
—

Absorbance (absorbance units)

0.05

| | |
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Wavenumber (cm'1)

FiguBAveragdeTATRR spect r(ag rod e mhheeaal(l mihgye,n t &V D
(redii)abEhliaceGVEBEli abhbli€&dk)ggernail s measured us
4500a-FATMR spectrometer equipped with an ATR

Fi vegiofnsinterest were examined to identify
l evels of the five gro@Bpgi®@ IThEHdeags sds a0 eiaa tod
with amide groups (Selvam ard BdBA@rekAcaOdss 2
region the unhealthy participant showed the
heal t hydicpale&thi ¢ > di abetic > CVD.
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The second area i®@fg82i8Micawas tat(t3r0i0ut ed pri mar
tot al chshasaer2a0 2 (; Sueda2Z@m6)Wi t hin this r
di abetic demgesthrmaated the higheBTIlI Rbaotbant
foll owed by CVD > heaidtilayperi onpaalktikypanC¥D
ATHETIR activity of Il i pids andl icphpilmg t ea 6 |
uncommon (Verg s, 2020). A similar tIr4ehad was
cm, which was attributed to | ipids, amino ac
di abetic fingernails -BhloRve@&act ihei thyi ghelslt o wAeT(
unhealthgi ab€WviDc > hedalAFRY.R lakrdrneadseg of amir
al so observed in unhealtddyabetdiabetiheabt ICWD
within theit&@g2bomil1424

A third region of inter1®88 lawmads wvsaes east seadc iaast el
amide |, amide |1 and t heFafrihnagne r nSai sl tsroy par nodt
2010; FeeHnguetwaal0lGyunasekear aam 10 ; Sueitd aalam,

2016He.al t hy clhiopveidn gtsh e FFiTJhRe sactATVR ty wi t hi
foll owed by DM > CVDBRi>abwenheal tThhyy s> fCwWRli ng v

Siheta@2019), who investigated the amides |
contrandedontrol | ealseds.ab®ehiixc work showed t ha
content decreased in both controlled and un:
to healthy control s. Therefore, i ndicating
decreased activity otfo ptrhog efiinnsg earnrda idlVi & sh ukpe ri aot
the fourth rkeH2bHcmmlas5mide |1 was also detec
participants showh hIgR taet ihvigthye.st ATR

Foll owing spectral i ntergpred at nohy ded:AsCWS,r el

SOM. The first MLA uwthiilcihs @ dirdw acéaa @Vd8dn sf f beertewet e
fingerCiWSiwlas. applied to 150 spectrla ¢80t spe
foll owi nMWS4det sMWS4 6, MWS5 1, MWS 5 7 a6l d MWS ¢
demonstrated thathadn WVieohfgerhaadgaisredts t hems:
indicated a positlXpematrahofMdi egeemaal uset
of +1, indicatiag matchiheingg nsep encetarl e ahé wsrt tah eurs .
supported by the Iimited(hmamiser ndgeegeart ild/getswé e mi
heal thy spectra against specHowewdr ,t hfea lssaemej
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wer e encountered bet ween di fferent categor |

introduced a | imitation in applying CWS.
[l | T _1
20 - ' |
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Figude GBWATHHTI R spectra takB60) furnohnd &BeOahlyt hy
CVvD 690,) di awdritagnd a@V@mabeizZHBParti ci pants mea
using the Agi-FEhR d4pO60ar AmRt er , equi pped wi't
hol der. A dark bl ue colkowrmlfuedp.r7ess eanntds a briing
colour representvsaolaudax® mMa.m I n bek ¥e@OG5t he
correspond tor av I #Be .90 ocuorr,respond ta a |ig
valu.e90. 95 correspond a greedl &l OOwcoolr es p oa
0

t an orange/yellow col our.

PCA was thernheppeptted 00 fingernail MWSIs take
(heal thy), MWS46 (CVD), MWE85 &b gthiMg ), aviME5 WV
(unhealt hg5deromgadrrdaet ePC1 and PC2 scoréoe pl ot
spectthraat contar itboutad d vtaa i @G mscda nacftw el euSélbbesesr v e d
in the scores plot of the five evaluated gr ol
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that had one disease in common. Thus, di abe:
mo d e | over other spectra. The remaining thre
with healthy participants <contributing to
demomated the advantage of PCA oveM fCW&EmMi n

fingernail s.

Fi gub.e P6CCA ¢ MTIRKRTRpectral(dreennhbainmbigpkewvd)
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(redi)ab(ehdliaced a@VDabEhligak)ti ci pants measured us

4500a-FATR spectrometer, equipped with an ATFE

SOM neighbour weight di stances (Figure ©6.6)
supported the PCA diighb owrs.wdihgt dSwoeMil si1¢ lanmcteesr ¢

di fferent groups i.n agreement with PCA
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SOM Neighbor Weight Distances
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4500a-FATMR spectrometer, equipped with an ATR
dark red realplr edsienttasenes and closely related
correlate to medium distances and moderat el

yell ow are representative of | arger distance

SOMasmphewsere then explored to further highl
(Fi gy e A total of ninenglrcwomsivwdrea iode rnlt6i,f i2
32, 8, 4 and 14 el ements
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Figur7.e SBOM sampl eFThliR sspdctAM& taken from heal
di abeticdamdeCVD participants measuF@dRusi ni

spectrometer, equipped with an ATR diamond a

6. 3..AgRl ent CaFVI B3BpATRr omet er

The same spectral anal ysis approach was ada|]
630 AMTRR spectrometer for the MWSBd,6 s MWS4®f f



MWS5 1, MWS57 ahNd MWSEHErence was seen in tern

absorption of different fingernails (Figure
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CWS applt ket ntgoer n@apeéstra showed sever al fal:
di fferent groups (Figure 6.9). Thus, CWS ar
accurate <classification than the applicatio
clusters were | ess acscumat es pwltdm ac orbg tarn metde ¢
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DM fingerasaiwled | as the crossover-DiMetOuwe etnh es c «

ot her thheeethai ning groups in this | atter model
T T T :I T T T —1
!
20 - i 1l 10095
40 | .
1 0.9
w 60F i
g . = 0.85
> 80 | ]
= {
L { 0.8
100 i A
0.75
120 - 1
i I
| 0.7
140 - 1 | .

20 40 60 80 100 120 140
Fingernails

FigubBe ®BWS OoFTIARRRspectra tak®B60) funohnd &8e0ahlyt hy
CVD 690, di abdgtie Ga)nd a@VDabeizZHEP)arti ci pants mea
using the Agi | enTtl RCasrpye c&@ 3 meTtRe r , equi pped w
and holder. A dark blue coValludeOr @praasemat slaa k
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6. 3.Spectral Quality of Fingernail

Spectral gual iappyl aedesosmemte 4500a spectr a
actibvet ween di fferent groups when number

i ntenpddsayhdo8/ N we(f Eal@R)el| Tode number of bands
sei(MWS1T MWS1)rfanged i838®8mbddds. Tlheanmdatxe mauimty o
tested fingernai lisO.r3adm2g eacb sforr.dnrh & .&laith ot vy ar i e
bet ween fingernail s i&®dQCveralntleeidilent 45eanATR-1 . 6

FTIR spectrometer produced spectra of medium (n = 6, 5.1%) and strong (n = 111,

94.9%) ATR-FTIR activity. Thus, produced high-quality spectra of fingernails

regardless of their health or disease status. Moreover, spectral quality assessments
demonstrated the feasibility of this instrument as a disease detection tool, such as its

ability to detect bands attributed to disease-related compounds (glucose, HDL and
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homocysteine), as well as differences in their ATR-FTIR activity between fingernails
of varying classes (Table 6.3). Therefore, the Agilent 4500a ATR-FTIR spectrometer

can be applied to future disease detection cases.

Tabl2 6.pectral guality of heal t hysdi abbentttfl
fingernails measur ed usHTNgR tShpee cAtgrid neentte rd4 5e0q0ua
an ATR damdnomdal der

Set Number of Maximum band Maximum band S/N ATR-FTIR
bands Intensity (absorbance units) position (cm 1) activity
MWS1 15 0.218 1644.34 30.0 M
MWS2 16 0.218 1642.47 30.0 M
MWS3 14 0.222 1644.34 29.5 M
MWS4 17 0.193 1642.47 22.6 M
MWS5 17 0.248 1644.34 31.4 M
MWS6 16 0.248 1644.34 33.0 M
MWS7 17 0.248 1644.34 314 S
MWS8 21 0.244 1644.34 36.3 S
MWS9 21 0.253 1644.34 49.2 S
MWS10 17 0.2026 1642.47 255 M
MWS11 22 0.246 1644.34 36.3 S
MWS12 18 0.2091 1644.34 36.1 S
MWS13 20 0.2071 1538.07 41.5 S
MWS14 20 0.261 1644.34 66.7 S
MWS15 22 0.2059 1644.34 67.8 S
MWS16 19 0.253 1644.34 314 S
MWS17 19 0.232 1644.34 32.1 S
MWS18 19 0.256 1644.34 334 S
MWS19 18 0.226 1642.47 31.6 S
MWS20 18 0.243 1644.34 35.3 S
MWS21 20 0.259 1644.34 49.0 S
MWS22 17 0.264 1644.34 38.2 S
MWS23 20 0.2073 1642.47 34.2 S
MWS24 24 0.135 1644.34 28.5 S
MWS25 23 0.2071 1644.34 29.5 S
MWS26 19 0.223 1644.34 29.0 M
MWS27 21 0.219 1644.34 31.9 S
MWS28 18 0.213 1644.34 38.7 S
MWS29 21 0.251 1644.34 52.7 S
MWS30 21 0.2304 1644.34 50.83 S
MWS31 20 0.224 1644.34 32.1 S
MWS32 21 0.224 1644.34 35.9 S
MWS33 17 0.225 1644.34 29.3 M
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MWS34 22 0.249 1538.07 51.0 S
MWS35 21 0.2303 1644.34 67.1 S
MWS36 26 0.243 1644.34 68.7 S
MWS37 23 0.233 1644.34 32.6 S
MWS38 21 0.229 1644.34 311 S
MWS39 23 0.248 1644.34 38.8 S
MWS40 24 0.164 1644.34 26.3 S
MWS41 20 0.278 1644.34 36.3 S
MWS42 17 0.272 1644.34 45.0 S
MWS43 20 0.245 1644.34 32.6 S
MWS44 21 0.164 1644.34 28.9 S
MWS45 24 0.244 1536.21 30.53 S
MWS46 22 0.215 1644.34 30.0 S
MWS47 23 0.217 1633.15 26.8 S
MWS48 24 0.218 1644.34 26.3 S
MWS49 19 0.217 1644.34 317 S
MWS50 20 0.243 1644.34 325 S
MWS51 20 0.215 1644.34 30.0 S
MWS52 23 0.262 1538.07 30.53 S
MWS53 23 0.2081 1644.34 26.0 S
MWS54 24 0.219 1644.34 30.63 S
MWS55 25 0.191 1644.34 295 S
MWS56 24 0.20704 1644.34 25.3 S
MWS57 23 0.212 1644.34 28.9 S
MWS58 22 0.223 1642.47 26.8 S
MWS59 23 0.20501 1538.07 25.0 S
MWS60 26 0.235 1538.07 30.79 S
MWS61 22 0.246 1644.34 34.5 S
MWS62 23 0.246 1644.34 33.9 S
MWS63 21 0.246 1644.34 34.5 S
MWS64 23 0.218 1538.07 28.0 S
MWS65 24 0.216 1644.34 29.8 S
MWS66 22 0.216 1644.34 32.8 S
MWS67 25 0.231 1644.34 39.8 S
MWS68 26 0.195 1644.34 30.0 S
MWS69 24 0.2404 1644.34 33.0 S
MWS70 24 0.218 1644.34 30.53 S
MWS71 30 0.227 1644.34 311 S
MWS72 25 0.259 1644.34 29.3 S
MWS73 27 0.236 1644.34 34.7 S
MWS74 29 0.216 1642.47 30.37 S
MWS75 28 0.2085 1633.15 25.8 S
MWS76 28 0.2048 1644.36 21.6 S
MWS77 28 0.3104 1644.34 34.4 S
MWS78 29 0.2013 1644.34 25.7 S
MWS79 27 0.261 1644.34 32.4 S
MWS80 31 0.233 1644.34 33.9 S




MWS81 22 0.221 1642.47 28.9 S
MWS82 31 0.279 1644.34 31.3 S
MWS83 25 0.228 1644.34 27.5 S
MWS84 25 0.213 1644.34 31.8 S
MWS85 23 0.221 1644.34 30.5 S
MWS86 31 0.227 1644.34 36.9 S
MWS87 28 0.222 1644.34 31.6 S
MWS88 28 0.216 1644.34 27.9 S
MWS89 29 0.2093 1642.47 24.5 S
MWS90 28 0.2072 1642.47 26.3 S
MWS91 24 0.223 1644.34 25.3 S
MWS92 27 0.195 1644.34 30.50 S
MWS93 25 0.20063 1644.34 31.9 S
MWS94 27 0.2093 1644.34 24.9 S
MWS95 28 0.245 1644.34 30.45 S
MWS96 26 0.229 1642.47 30.0 S
MWS97 24 0.218 1538.07 294 S
MWS98 23 0.243 1644.34 31.0 S
MWS99 28 0.193 1644.34 27.5 S
MWS100 27 0.2032 1644.34 28.0 S
MWS101 26 0.197 1644.34 21.6 S
MWS102 23 0.2201 1642.47 29.0 S
MWS103 26 0.236 1644.34 30.59 S
MWS104 25 0.281 1644.34 34.1 S
MWS105 25 0.278 1644.34 37.2 S
MWS106 28 0.246 1644.34 44.6 S
MWS107 23 0.342 1644.34 51.5 S
MWS108 22 0.3053 1642.47 49.2 S
MWS109 33 0.255 1644.34 31.8 S
MWS110 29 0.255 1644.34 37.5 S
MWS111 26 0.258 1644.34 36.3 S
MWS112 28 0.282 1644.34 45.0 S
MWS113 24 0.272 1642.47 37.1 S
MWS114 24 0.272 1644.34 40.63 S
MWS115 24 0.264 1644.34 38.8 S
MWS116 27 0.278 1644.34 47.7 S
MWS117 26 0.259 1644.34 30.56 S
Median 23 0.227 314
IQR1-IQR3 21-26 0.215-0.248 29.3-36.3
I QR: I nt er gMar Me iS:u nBatrB8dod;;g Simgoniasle r at i o.
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Tabl 8 ©6rrequeneRyT|I ®Kf bATMR s present i n healt hy
(magenta), CVD (red), ddiabreticc (bblacwcdk) dmchgEyV
using the Agi{FdntR 4pHpeCaremRri epped with ATR d
hol der .

and position (cm 1)
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MWS38
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MWS84
MWS85
MWS86
MWS87
MWS88
MWS89
MWS90
MWS91
MWS92
MWS93
MWS94
MWS95
MWS96
MWS97
MWS98
MWS99
MWS100
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MWS102
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MWS105
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Spectr al qual appl iateshtee sAsgmel netnt -FCTalr R 6@8e0c tArTdRme t
showed similar perfor ma(nceetblleo The aHEMDar spé
FTI' R bands per f i ngeif B8 8kingernaileseéts MAMSHigMNS126r om 2 1
presented maximum band intensities 0of 0.116 i 0.357 absorbance units. Th e INS r at i o

ofhver age wsapsecctarlacul ated andivarved between 2

While the overaFTlI Rvactaigei oy WaARK higher for
the Agilent -EAarR $860ctAM&meter versuBTIthhe Ag
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Sspectrometer, both instruments prodbeed a h
intensities/ MNogiattiimmss drmer®for e, are both f
tools for CV([DBabalned /60.r5)DM

Tabl 4 6Spectral guality of heal t hysdi abbentttfl
fingernails measured usi gl Rhesphkgi Ireeqmig tpEaerdy
with ATR diamond and hol der

Set Number of ~ Maximum band Maximum  S/N ATR-FTIR
bands intensity band activity
(absorbance units) position
(cm™)
MWS1 24 0.246 1636.30 40.71 S
MWS2 23 0.2034 1636.30 37.7 S
MWS3 25 0.212 1638.16 314 S
MWS4 23 0.138 1636.30 28.3 S
MWS5 21 0.157 1636.30 331 S
MWS6 26 0.163 1636.30 41.7 S
MWS7 28 0.157 1636.30 40.0 S
MWS8 29 0.168 1638.16 47.0 S
MWS9 28 0.2019 1638.16 36.7 S
MWS10 23 0.2096 1638.16 32.9 S
MWS11 29 0.211 1636.30 30.0 S
MWS12 27 0.215 1636.30 321 S
MWS13 29 0.218 1638.16 321 S
MWS14 26 0.269 1636.30 43.2 S
MWS15 26 0.186 1636.30 37.7 S
MWS16 30 0.199 1638.16 38.5 S
MWS17 26 0.199 1636.30 33.3 S
MWS18 26 0.192 1638.16 36.9 S
MWS19 28 0.2085 1638.16 375 S
MWS20 30 0.226 1636.30 38.2 S
MWS21 26 0.2078 1636.30 36.7 S
MWS22 23 0.219 1636.30 36.3 S
MWS23 27 0.2012 1636.30 46.2 S
MWS24 30 0.116 1636.30 254 S
MWS25 25 0.153 1638.16 42.3 S
MWS26 23 0.181 1638.16 30.56 S
MWS27 27 0.224 1636.30 30.0 S
MWS28 24 0.178 1638.16 35.00 S
MWS29 22 0.196 1638.16 30.63 S
MWS30 29 0.219 1636.30 34.3 S
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MWS31 25 0.211 1638.16 30.0 S
MWS32 26 0.235 1638.16 34.0 S
MWS33 25 0.189 1638.16 34.1 S
MWS34 31 0.182 1638.16 314 S
MWS35 25 0.2019 1636.30 32.3 S
MWS36 33 0.2056 1636.30 32.7 S
MWS37 29 0.256 1638.16 36.9 S
MWS38 28 0.211 1636.30 32.0 S
MWS39 27 0.213 1638.16 314 S
MWS40 31 0.181 1638.16 29.4 S
MWS41 26 0.227 1638.16 40.0 S
MWS42 26 0.2058 1638.16 314 S
MWS43 25 0.199 1636.30 37.2 S
MWS44 26 0.169 1638.16 30.33 S
MWS45 29 0.227 1535.66 28.6 S
MWS46 28 0.2029 1636.30 28.7 S
MWS47 26 0.181 1636.30 30.0 S
MWS48 26 0.217 1638.16 29.2 S
MWS49 26 0.2081 1636.30 31.7 S
MWS50 25 0.2054 1638.16 34.2 S
MWS51 23 0.233 1638.16 34.1 S
MWS52 29 0.2026 1636.30 315 S
MWS53 27 0.223 1638.16 32.1 S
MWS54 26 0.2092 1638.16 32.5 S
MWS55 30 0.2048 1636.30 315 S
MWS56 28 0.173 1636.30 35.2 S
MWS57 22 0.226 1638.16 34.6 S
MWS58 28 0.2029 1638.16 30.0 S
MWS59 29 0.177 1636.30 30.0 S
MWS60 29 0.217 1647.48 30.0 S
MWS61 28 0.232 1638.16 37.5 S
MWS62 26 0.194 1638.16 36.0 S
MWS63 24 0.20024 1636.30 30.78 S
MWS64 30 0.2075 1638.16 29.9 S
MWS65 28 0.226 1638.16 37.8 S
MWS66 25 0.212 1638.16 34.6 S
MWS67 29 0.234 1638.16 42.2 S
MWS68 30 0.191 1638.16 36.9 S
MWS69 28 0.218 1638.16 34.6 S
MWS70 29 0.211 1638.16 35.1 S
MWS71 25 0.2105 1636.30 27.4 S
MWS72 29 0.243 1638.16 43.8 S
MWS73 26 0.2032 1636.30 30.0 S
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MWS74 31 0.212 1638.16 315 S
MWS75 24 0.175 1638.16 36.4 S
MWS76 27 0.182 1638.30 30.69 S
MWS77 29 0.249 1636.30 445 S
MWS78 26 0.175 1636.30 37.7 S
MWS79 29 0.221 1638.16 32.9 S
MWS80 27 0.211 1638.16 35.8 S
MWS81 28 0.2049 1638.16 32.2 S
MWS82 27 0.20028 1636.30 325 S
MWS83 27 0.223 1638.16 40.0 S
MWS84 26 0.234 1638.16 36.9 S
MWS85 32 0.215 1636.30 35.4 S
MWS86 27 0.228 1638.16 38.4 S
MWS87 27 0.212 1636.30 34.9 S
MWS88 31 0.193 1636.30 33.9 S
MWS89 29 0.2036 1636.30 34.2 S
MWS90 26 0.192 1638.16 36.1 S
MWS91 29 0.219 1636.30 34.6 S
MWS92 29 0.176 1638.16 39.7 S
MWS93 30 0.212 1638.16 34.2 S
MWS94 26 0.199 1636.30 36.2 S
MWS95 30 0.226 1638.16 37.7 S
MWS96 27 0.186 1636.30 354 S
MWS97 25 0.219 1638.16 35.8 S
MWS98 24 0.187 1638.16 30.0 S
MWS99 27 0.184 1638.16 34.2 S
MWS100 27 0.174 1636.30 33.8 S
MWS101 25 0.189 1638.16 36.1 S
MWS102 25 0.256 1638.16 40.67 S
MWS103 26 0.242 1638.16 45.0 S
MWS104 27 0.248 1638.16 46.7 S
MWS105 27 0.264 1638.16 47.3 S
MWS106 32 0.3095 1636.30 46.4 S
MWS107 26 0.239 1636.30 44.1 S
MWS108 28 0.215 1638.16 36.7 S
MWS109 27 0.2401 1638.16 50.09 S
MWS110 26 0.2204 1636.30 42.5 S
MWS111 26 0.228 1636.30 41.6 S
MWS112 27 0.259 1638.16 46.4 S
MWS113 28 0.275 1638.16 49.1 S
MWS114 27 0.254 1638.16 45.1 S
MWS115 30 0.252 1636.30 51.7 S
MWS116 28 0.2102 1638.16 33.3 S
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MWS117 25 0.266 1636.30 47.4 S
MWS118 27 0.237 1638.16 42.5 S
MWS119 28 0.196 1638.16 41.8 S
MWS120 27 0.236 1636.30 42.7 S
MWS121 25 0.357 1636.30 45.5 S
MWS122 25 0.289 1636.30 50.82 S
MWS123 28 0.243 1638.16 43.3 S
MWS124 28 0.236 1638.16 45.4 S
MWS125 31 0.211 1636.30 40.63 S
MWS126 29 0.231 1638.16 48.1 S
Median 27 0.211 35.4
IQR1-IQR3 26-29 0.196-0.227 32.1-40.47
Il QR: I nterg6BGar 6t3/eM:gadigmgoniasle. rati o
Tabl & O6FrequeneryTI & bATRIs present i n healthy

(magenta), CVD (red),  ddiabreticc (bbhlacdk) dmch g€V
using the Agil &mMtl RCampy ¢ Je@maTgpred wi th ATR d
hol der

Band position (cm %)
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6. Concl usi ons

This chaptdeheexXplacgi ®FTIIR ys pefc tATdRscopy for tl

CVDs anfdr O fi ngépeatd sl interpretation all o
key functional groups and their associated
acids, |l i pids and proteins, as well as the r
to the findeaermdilionst egtriuy and keratin. Add
glucose, HDL and homocysteine were also dete
presence of such constituents provided insig

CVDs and DM.

WithiATHERER spiextameas of TR2AOOre2BAA@3ISLGBG 7 4

1588, 115271, 11485 andlidéd2h)were chosen to und
the deposition of endogenous constituents i
ATHETIR bands provided information regarding

of fingernails in relation to their health/d

MLAs further comTIiR mMepe dthreomM8tRer sé abil ity t
fing&speaercdfr ahevadrtshys CVD and diQuwbeertalcl ,i nRIGA i &
SOMoffered more accurate clustering of finge

encountered.

To conATHFde R specdfrfoesrceodpymosn vei mindusione anal

of f i nglewr@neapiolssi.t i on of endogenous constituen
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corresponkdTihl AFRieedkey 1T @evVealmati on regarding
di sease status. Thus, -ATleR csoprebd tnracts commp yo fp a

fingernaidkluccsehsosw i n t he detection of CVDs an

60 Key Messages

T ATHTI R spectroscopy successfully det ec
endogenous daon sftiintgeeemtasi | s

T CWS demonstrated mhisgnatechmisebedfwveen finge
varying health/di seasedataitgd bumbarnd sof
positives.

T PCAand SWMre more accurate in classifyir

di sease status.
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Chapteeven I nvestigation o
cardiovascul ar and di abet.i

using scanning electron mi

Thi s cihrmypd ®trtihgeatgeudal i t y o fSEM nTge rarsasielsss u shien ¢ |
guality, two factors were considered: el emer
(roughhRess)his work theQ&Eaniaohmeatal e SEMonN
250 was wutilised. Two detectors wer &DXel ect
spectr ometSTrE hentde atheer . The EDX spectrometer &
of the foeihgme miaal sclonmptohsiist broessi pgencitf,i cnant di ff
el ement al composition Wwaetesmngeotiabaptd Wifhet
for biological sex, dihet Sakd dieg edat heer p/1c spdanc
mani festation of tissue damage caused by CV
characterised by a rough texture and was mc
foll owed cl osely bey pCVeDs efnicneg eorfn ahiyy pser gilthy c aen

accumul AAtGEsm easd amage to the ,fiemgersiaigle dmldast e

brittle fingernails. The tissue damage obser
with i mpaired blood circulation caused by hy
the capabilities of SEM to investigate tiss

through el eame@mtga lapdsnedsalment s .

7. 1 ntroducti on

The presence of certain systemic diseases ¢

size of fingernail s, interruptireg tMi2n . nat
Research ky @R2089Hn indicated that in the pr
DMt he morphol ogy of the fingernail i's alter
di abetic cases demonstrated a higher |l evel o

in comparison to heattR291@Hemicregl st heSiahpoptla c

finngaeirl s and theiirs swp fiafcec dmeixegdet ecti on of
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conditions and di seases that occur el sewhere
2024) .

Similarly, tbeped iemeonn abf fingernails wvarie
popul ati ons andd hef tpeare siemdaiec aotfe di sease. Mi ne
copper, i ron, magnesi um, sodium and zinc a
fingernail plett ead(2Mu)d.d alsma ninal e s , hi gher |l ev
experienced, whil e females commonly demonst
( Mudd aesta a0 2 1) .

SEM offers the ability to identify differenc

di seased fingernails, as well as the I mpact

chapitrevesttilpmtteidssue quality of fingernails

foll owing objectives were set:

T To explore the i mpact ofsGdisseauaes equan i t #
topography in terms of smoothness/roughne
T To determine the el emental composition of
asagd, ol ogical sex and diet.

T To identify the el ement al composition of
presence of disease, particularly CVDs an

7. 2. Met hods and Materi al s

7.2. 1. Materi al s

The full sampl e size ( nmeasluZrée dt huesgi&tMa i IAf & e
flattening, one fingernail was taken per sef
the clipping was then takleonc kaendd bsatgor eEda cihn b,
| abell ed with the sampleds correspsenadviemg pa
prepared in cases of fingernails MWS3 (heal
MWS57 (-dCivibbeti c) and MWSh9e8 i(nuinthieaall tsheyt) r e mai
while the dapliccatedsiev. Zvol d ( Fi gur e
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Figuil.é ayncoat e(doclamtied fingsernail clipping

7. 2.. Il nstrumentati on

Measurements were taken usQuagnRtE&EZS5 En(VEIre©acamie,
Madr(Ei)gur.e T7Th.e2. Quanta 250 wakKE G qcouad lpyrerd, wwhil
all owed for a resolution of 1.4 nm at as |
Furthermore, the SEM of choice was issued
Everfiaornl ey detector/ Large Field ddtoewct or,
vol tage high <contrast ( GAD/ vCD) detector a
detector/ gaseous analeyttiooal AfG®ED/c@GADRR)f udetco
detectors were selected for this experiment,
t hecanning transmissi orsTE&Meettea ctno rimilcT)aabsl céohpey
former detector was applied for el ement al C «

utilised for STEM i mages.
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