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5 Results: A
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lying to standing test, arc well established 10T er,
he carly identification of autonomic and vascular dysfunction in individuals with metabolj, Framing
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; : - di ins a major challenge for timely intervention. effectiv
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In the present study, we examined and compared a range of metabolic and cardiac autonomic
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parameters among healthy, prediabetic, and diabetic participants. Simple machine leaming ¢
: detect
models were employed as 2 proof of concept to evaluate the potential of CAN measures for non-
| | : i ey invasi
invasive prediction of early metabolic impairment. Additionally, subgroup analyses of diabetic i
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patients were performed to assess the effects of various antidiabetic therapies, including insulin, X
e ; pote
metformin, DPP-4 inhibitors, sulfonylureas, and SGLT2 inhibitors, as well as cardiovascular
treatments on CAN outcomes. Future work will focus on developing more advanced models that Tri
utilize simplified input variables for practical, point-of-care applications. at /
un
Aim: This study aims to develop a cost-effective strategy for screening cardiovascular risk in
seemingly healthy individuals using non-invasive approaches, including cardiac autonomic K
v

reflex tests and adiposity assessments. By integrating these measures with machine learning

models, the strategy seeks to identify and target modifiable risk factors to prevent metabolic

syndrome and its associated cardiovascular complications.

Methodology: A total of 102 subjects aged 18-70 years (35 diabetic, 23 prediabetic, and 44
nondiabetic) were recruited from Alexandria University Main Hospital. Participant
classification was based on HbAlc and fasting blood glucose levels according to the 2024
American Diabetes Association (ADA) criteria. A comprehensive medical and medication
history, along with the demographic data, was collected. Subsequently, each participant
underwent a baseli i i
. nt a baseline elcc‘trocardlogram (ECG) recording followed by CARTSs. Anthropometric
measurements were obtained using a calibrated InBody scale, and venous blood samples were
collected for biochemical a i i i
P | nalysis. Two machine learning models were developed to analyze
ed data: a convolutional ]
neural network (CNN) for ECG image analysis and a support

vector machine (SVM) for classification and regression tasks
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Results: Among classical CARTSs, only the Valsalva mancuver effectively differentiated
diabetic from nondiabetic participants, though it demonstrated limited utility for early risk
prediction. In contrast, the deep breathing test significantly enhanced the predictive
performance of adiposity measures in identifying early cardiovascular risk when analyzed using

the support vector machine (SVM) model. This improvement is likely attributable to the test’s

sensitivity to early parasympathetic dysfunction. Traditional risk assessment tools, such as the

Framingham risk score and Heart Scores, proved useful in cstablished diabetes but were less

effective in detecting carly cardiovascular risk among prediabetic individuals and younger

adults, as they rely on invasive and often costly measurements.

cardiovascular risk assessment tools have limited sensitivity for early risk

Conclusion: Traditional
and depend on costly,

detection, particularly among prediabetic individuals and younger adults,

t, the proposed non-invasive and cost-effective machine learning

invasive measurements. In contras
g their

models demonstrated strong predictive performance for early cardiovascular risk, hi ghlightin

potential to enhance large-scale screening and preventive healthcare strategies.

roval was obtained from the relevant institutional review board

Trial registration: Ethical app
alTrials.gov

at Alexandria University (Appro
under the identifier NCT06305 195.

val No. 0107766). The trial was registered at Clinic

Keywords: Metabolic syndrome; Diabetes; Prediabetes; Cardiac autonomic neuropathy; Heart rate

ex tests; machine learning; Non-invasive screening; Antidiabetic

variability; Cardiac autonomic refl

medications.

xvil







ol padlall 7 _—
‘—“

il padlall

galall diig

S A gall e 31y B imd ey o) s 330 31 (505 Rie o gl s 0 0380 JAH 2 i,
CJleadl 0 031 I Aa i (CANY alil (g3l DU iaanl) S Y1 1 gin ) g5 sl il oy o
MRy LN s (e (CARTS) olill a0l 50 ilasoiall il JUa1 356 5 slamusl ull o5 fhgand sl
Oy phaill il g (3l e L a2l gl e g gl ) elinn Y1 pn g n DI LA ¢ ganll i
e Nie (gm0 63 e gy ool I jasll Kot GLAGSY (6 ell3 ay Al Al 01 iliaed) ot
OSaall (adall Janill G Jlay 1 Y oY o (g Sl Cpamn 1508 o1 g ¢y

o=lally colaal atadl (ool Tl Ayl 1301y A1 i paial (g 336 45 lia oand i o3a i
Oalia 350 o ase JUaS WV et e Anpusy r3lai aladiul o3 (Sl ain ey (s Sadl U Lo a5 s
eloal a8l () ALYy Adass e Dy jhay a1 JERYY Saall gl e Gl Aol i1 Cibac Y1 JSige |
bl ld G Lay cpl Sl Rualall 250 (e Ailidn e pana 205 pnilh g Sl umjal e i Jida
¢ (SGLT2)2-ps3gmall y 558 shall il clladia g ¢l ) 9 i giliadl S 5oy ¢ DPP-4ay il Cillaia s $Ca siiuall
D2l (M Al il all aaniny, Al L) IO aae Y1 el e dgile g il Cladall e Yo
Apsall el Ll 6 Leadasiud $ulaY dand @Sase o addad 15 ks 3 zla

sdagll

telanal s Ol A\_)Q‘Y‘ A ii’l.ﬂ‘ L__\G_,‘ﬂ‘_, el u'a‘._)nl.\ LLAA‘Y‘ Jla;.\ il 28Il Jaiae and ol jal
,gcu.‘n.m\ﬂ Sl sy %j‘)r..n (el bl ¢ Alal) :\ed‘_)pm GlaSaiall Gl sl Je dlass BURE ) r-.'l.li:ml..:
Bzhall dle o A0 Letlic Wiaa g () da 3DN0e (pa A0 5l Cings Jpaeall ALEN lasll Sl 4o el 13 Ciagiay

sdsagial

cg Sl 3 Le Al ja (823 (5 Sas () 34 35) Uile 70- 18 O o jlas - 5l 535 0l (48 L gl 5
Sl (sl pargl (5 stan ] ISl B Syl Amala) il adiaall e (oSl cnban e 445
JalSH aim yall el g 03,2024 plad (5 Sl 485 501 Lmaall jplaa (385 ailiall pall S (5 sinsa (HDAIC)
Capsa 5 (ECGY (o peSH il s 38 058 Julial) poad slld 3my 381 s6 pasall il il 1) g1 J A5 255
pmaadl (33955 bt A0 alaa (5 30 o280y 055 i o3 LS (CART'S) ol Al U1 iluaniall il sl !
Agid Agpeae A5 1 AV plaill (a3 ga gl i el (gl (ALaSI Jidatll e agia Cinad LS (InBody
(Support sl 433 All 5 ¢ (ECG) (hesll il Japlass ) sea Jilail(Convolutional Neural Network)
Ml Caiaill dlga b LgaladiuY Vector Machine)

O O e




(il
Aaliah A g 10 i bl il (e
S 5 il 3 8 'y

i VULBY Jgay o
J-QM\R‘BJ\“ I A ¢

Asmvsm‘c.\u\,m.,mn,m\hpuds.:@duml Al e

tt‘.‘.)“ki-‘l-‘_a.ds-.-:‘)]‘“lr;i
& ki)

ol ge Kl m‘u"""":'-)'ﬁv“-‘."‘*‘ Yyaill 3 My Sldll ol S il A el o PO
s el ‘d;‘ulq-i.a:‘ls\ﬁ.’;mﬂ&‘“.’uhmﬂhﬁ‘“t&g\g&d‘w})qﬁj\dﬁuw}@uy_;
)ngag_;wm,ll@qumm\mmw,g‘,-.u&..m.&sz}m@;\,x.m
' .@,1gu=sux¢u..a‘;,,._;,=4,,m\)ux“s_.x\
;L\)ﬂ\d*.&

oote L 235 (0107766) 2,08 dndlay Laaly Al e AAY) dadl ) e 2y 0 il

(NCTO06305195).48 1l a3 ClinicalTrials.gov a




