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A CUSTOMISED METHOD FOR
TREATING GENERALISED
PERIODONTITIS AND PREDICTING
CARDIOVASCULAR PROBLEMS USING
SALIVARY PROTEOMIC PROFILING

Shodiev O. U.
Scientific advisers: DSc., Prof.

Nazarova N. Sh.

Agababyan I. R.
DSc., Prof.
Samarkand State Medical University, Samarkand, Republic of Uzbekistan

Abstract: Chronic generalised periodontitis (CGP) is one recognised modifiable risk factor for cardiovascular diseases
(CVD). The use of oral fluid indicators for non-invasive monitoring of concurrent pathology is an intriguing direction in
personalised medicine.

Aim of the study. To develop and scientifically test a customised CGP therapy as well as an algorithm based on proteomic
profiling of the oral fluid for the early prediction of cardiovascular issues in patients with concomitant pathology.
Methods. There were 140 participants in all (the main group consisted of 65 patients with CGP and cardiovascular risk
who received individualised treatment; the comparator group consisted of 45 CGP patients receiving conventional medi-
cation; and the control group consisted of 30 healthy individuals). A comprehensive dental, cardiological, and biochemical
examination was performed. The proteome profile of saliva (apolipoproteins A1, B, E, and cytokines) was evaluated
using ELISA and LC-MS/MS mass spectrometry. In R and Python environments, statistical analysis was performed using
LASSO regression and ROC analysis.

Results. The concept of the “salivary lipoprotein signature of periodontitis” (ApoB/ApoA1 ratio in saliva >1.3) as a marker
of disruption of systemic lipid homeostasis was validated for the first time. It was shown that the ApoE-¢4 isoform inde-
pendently predicted worse outcomes. The “PerioCardio-Risk” application incorporates a prognostic model (AUC >0.90).
Thanks to individualised care, the salivary profile reverted to normal in 75-85% of patients, and the periodontal pocket
depth decreased by 25-35%.

Conclusion. By incorporating salivary proteome profiling into an interdisciplinary approach, it is feasible to improve CGP
medication and predict cardiovascular risks two to five years before they manifest clinically.

chronic generalised periodontitis, cardiovascular diseases, salivary proteomic profiling, apolipoproteins, oral
fluid biomarkers, personalised treatment, cardiovascular risk prediction.

Annotatsiya: Surunkali generalizatsiyalashgan periodontit (SGP) yurak-gon tomir kasalliklari (YQTK) uchun tan olingan
o'zgartirilishi mumkin bo‘lgan xavf omillaridan biridir. Og‘iz suyugligi ko‘rsatkichlaridan hamroh patologiyalarni noinvaziv
monitoring gilishda foydalanish shaxsiylashtirilgan tibbiyotning istigbolli yo‘nalishlaridan biri hisoblanadi.

Tadgiqot magsadi. Hamroh patologiyaga ega bemorlarda og‘iz suyuqligining proteomik profillanishiga asoslangan holda
yurak-qon tomir muammolarini erta bashorat qilish algoritmini ishlab chigish va ilmiy jihatdan sinovdan o‘tkazish, shun-
ingdek, SGP uchun shaxsiylashtirilgan davolash usulini ishlab chigish.

Tadgiqot metodlari. Tadgiqotda jami 140 nafar ishtirokchi gatnashdi (asosiy guruh - individual davolash olgan SGP va
yurak-qon tomir xavfiga ega 65 nafar bemor; taqqoslash guruhi - an’anaviy davolash olgan 45 nafar SGP bemori; nazorat
guruhi - 30 nafar soglom shaxs). Keng gamrovli stomatologik, kardiologik va biokimyoviy tekshiruv o‘tkazildi. So‘lak
proteomi profili (A1, B, E apolipoproteinlari va sitokinlar) ELISA hamda LC-MS/MS massa-spektrometriyasi yordamida
baholandi. Statistik tahlil R va Python mubhitlarida LASSO regressiyasi hamda ROC tahlili yordamida amalga oshirildi.
Tadgiqot natijalari. Birinchi marta “periodontitning so‘lak lipoprotein signaturasi” (so‘lakdagi ApoB/ApoA1 nisbati >1,3)
tizimli lipid gomeostazi buzilishining markeri sifatida tasdiglandi. ApoE-g4 izoformasi noqulay natijalarni mustagil ravishda
bashorat qilishi ko'rsatildi. “PerioCardio-Risk” ilovasiga prognostik model (AUC >0,90) kiritildi. Individual davolash nati-
jasida bemorlarning 75-85 % ida so‘lak profili me’yoriga qaytdi, periodontal cho‘ntak chuqurligi esa 25-35 % ga kamaydi.
Xulosa. Soflak proteomini profillashni fanlararo yondashuvga kiritish orqali SGPni davolashni takomillashtirish hamda
yurak-qon tomir xavflarini ular klinik namoyon bo‘lishidan ikki-besh yil oldin bashorat qilish mumkin.

surunkali generalizatsiyalashgan periodontit, yurak-qon tomir kasalliklari, so‘lak proteomik profillanishi,
apolipoproteinlar, og‘iz suyugligi biomarkerlari, shaxsiylashtiriigan davolash, yurak-qon tomir xavfini bashorat qgilish.
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AHHOTaumA: XpOHNYECKUI reHepanv3oBaHHbIn napogoHTUT (XIT) sBnseTcs ogHUM U3 NpU3HaHHBLIX MOAMULMPYEMbIX
(hakTopoB pucka cepaeqHo-cocyamucTbix 3aboneBaHuii (CC3). Vcnonb3oBaHWe mokasaTenen poTOBOW XXMOKOCTU Ansi
HEVHBA3MBHOIO MOHUTOPUHIa COMYTCTBYIOLLEN NATONOrMU SBNSETCA NMEPCMNEKTUBHbLIM HamnpaBrneHWeM NepcoHann3mpo-
BaHHOW MeaULVHbI.

Llenb nccnenoeaHusi. Pa3paboTaTtb M Hay4HO anpobupoBaTh NEPCOHANM3NPOBaHHbIM MeTod nederust X1, a Takke anro-
PUTM paHHEro MPOrHO3MPOBAHUS CEPAEYHO-COCYANCTHIX OCIIOKHEHWUIN Y NMALMEHTOB C COMYyTCTBYOLLEH NaTororuei Ha
OCHOBE MPOTEOMHOIO NMPOGUIIMPOBAHNS POTOBOM >XUAKOCTHU.

MeToabl uccnegoBaHus. B nccneposaHum npuHanm yyactne 140 yenoBek (OCHOBHYHO Fpynmny cocTaBunu 65 naumeHToB ¢
XITT n cepaeyHO-COCyANCTbIM PUCKOM, NOMYyYaBLUNX MEPCOHANN3MPOBaHHOE NeYeHre; rpynny cpaBHEHUs cocTaBunu 45
naumeHToB ¢ XITl, nonyyaBLmnX TPaAMLMOHHYO Tepanuio; KOHTPONbHYO rpynny coctaeunu 30 3goposbix nuy). MNpose-
AEHO KOMMIIEKCHOe CTOMAaTOornornyeckoe, kapavonornyeckoe n bruoxmmmnyeckoe obenegosaHme. NpoTeoMHbIN Npodunb
cntoHbl (anonunonpotenHsl A1, B, E 1 unToKnHbI) oueHvBanu ¢ ncnonb3osaHvem ELISA n macc-cnektpometpumn LC-MS/
MS. Cratuctnyeckuin aHanua BeinonHancs B cpegax R n Python ¢ npumeHennem LASSO-perpeccun n ROC-aHanumsa.

PesynbraThl uccnegosaHus. Bnepsble noaTBepXaeHa KoHLEeNUUS “CroHHOM NMMONPOTENHOBOMW CUrHaTypbl NapogoHTUTa”
(cooTHoLeHre ApoB/ApoA1 B critoHe >1,3) kak MapKkepa HapyLLEHWS CUCTEMHOIO NIMMMAHOrO romeocTasa. [okasaHo, 4To
n3odgopma ApoE-e4 HesaBMCMMO NpeackasbiBaeT HebraronpusaTHble ncxodbl. B npunoxeHune “PerioCardio-Risk” Bkrito-
YyeHa nporHoctuyeckas mogens (AUC >0,90). bnarogapsi nepcoHanuavpoBaHHOMY feveHuto y 75-85 % naumeHToB npo-
vnb CNOHBI HOpManu3oBarncs, a rmyorHa NapoAoHTanbHbIX KAPMaHOB yMeHbLUMMach Ha 25-35 %.

BakntoveHune. BkntoyeHve npoTeoMHOro I'IpO(*)I/IJ'II/IpOBaHVIFl CIlOHbI B Me)K,D,MCLWII'IJ'IMHaprII?I noaxon no3BosideT ycoBep-
LeHcTBoBaTb nedeHme XMl u NPOrHo3npoBaTb cepaeyHO-CoCyanCTblie PUCKU 3a ABA-NATb NEeT A0 UX KIMUMHNUYECKOro npo-
ABNEeHus.

XPOHUYECKUI reHepPann3oBaHHbIN NAapOaOHTUT, cepae4vHo-cocyaucTble 3aboneBaHus, npoTeomMmHoe
NpPoUNMPoOBaHME CNIOHbI, anonMNONPOTENHbI, 6V|omap|<epb| POTOBOW XXMAKOCTU, NEPCOHANN3NPOBaAHHOE NeYeHne, Npo-
rHO3MpoBaHMe cepaedHO-CoCyanCToro pucka.

Modern medical research is developing within the framework of the oral-systemic health concept, which
proposes a significant link between local inflammatory processes in periodontal tissues and overall somatic
sickness. Rather than being only a local dental condition, chronic generalised periodontitis (CGP) is now
acknowledged as a significant modifiable risk factor for the development of cardiovascular diseases (CVD),
which remain the leading cause of death worldwide. According to estimates from the World Health Organiza-
tion, over 1 billion individuals, or 19% of adults globally, suffer from severe types of periodontitis. In the Republic
of Uzbekistan, 47-62% of adults over 35 have moderate or severe CGP.

Significant epidemiological and meta-analytic studies carried out in recent years have shown that patients
with CGP have an increased risk of developing coronary and carotid artery atherosclerosis by 1.7-2.3 times,
myocardial infarction by 1.4-1.9 times, and cerebral stroke by 1.6-2.1 times (Sanz M. et al., 2020; Tonetti M.S.
etal., 2021). The pathophysiological connection between these ilinesses consists of three fundamental compo-
nents:

« transient bacteremia brought on by periodontal infections (P. gingivalis, A. actinomycetemcomitans) that
directly invade the vascular endothelium;

» dyslipidemic shift with decreased apolipoprotein transport;
»  systemic low-grade inflammation (high levels of TNF-q, IL-18, IL-6, and CRP).

Apolipoproteins A1 (ApoA1, the primary anti-atherogenic protein of HDL), B (ApoB, a structural marker of
all atherogenic lipoproteins), and E (ApoE, a regulator of lipid clearance) are known to be more reliable predic-
tors of cardiovascular events than conventional LDL cholesterol in cardiological practice.

The advancement of mass spectrometry (LC-MS/MS) and multiplex analysis (Luminex xXMAP) methods
has made it feasible to analyse the oral fluid (saliva) proteome with precision. Due to its non-invasiveness,
safety, and affordability, saliva is an ideal substrate for personalised screening. However, regional reference
values for apolipoproteins in saliva for the Uzbek population have not yet been established, algorithms for the
interdisciplinary management of such patients have not been put into place, and validated proteomic panels
for the simultaneous assessment of periodontitis severity and cardiovascular risk are lacking in dental practice.

The project aims to develop and test an algorithm based on proteomic profiling of oral fluid for the early
prediction of cardiovascular issues in people with concomitant cardiovascular illness, as well as a customised
therapy for generalised periodontitis.
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In the last 20 years, periodontal medicine has evolved to recognise chronic generalised periodontitis
(CGP) as a potent cause of systemic vascular problems. Previously, CGP was believed to be an isolated
oral disease!". People with severe periodontitis are 1.7-2.3 times more likely to develop coronary and carotid
atherosclerosis, according to groundbreaking epidemiological research and consensus reports from the Ame-
rican Academy of Periodontology (AAP) and the European Federation of Periodontology (EFP), summarised
by Sanz et al. (2020) 2. Furthermore, intervention studies demonstrate that mechanical periodontal therapy
statistically significantly lowers systemic arterial stiffness and enhances endothelial function, validating the
causal links within the paradigm of oral-systemic health ¥,

Between 2023 and 2026, the clinical investigation was carried out at the Samarkand Regional Dental
Clinic. Three groups of 140 people, ages 45 to 70, were examined:

* Main Group (n = 65): Individualised treatment according to salivary proteome profile findings for patients
with moderate/severe CGP and concurrent cardiovascular concerns (arterial hypertension, CHD, dyslipi-
daemia).

¢ Comparison Group (n = 45): Patients with CGP who had conventional therapy in accordance with current
therapeutic guidelines without considering proteomic data.

e Control Group (n = 30): People of similar age who are in good physical and oral condition.

e Clinical Dental Block: During a standardised examination, six locations per tooth are used to compute
probing depth (PD), clinical attachment level (CAL), Pl (Russell), Gl (Le-Silness), and CPITN indices.
Both the bleeding on probing index (BOP) and the oral hygiene index (OHI-S) were evaluated. For visual-
isation, digital orthopantomography and CBCT were used.

e Cardiovascular Block: Risk is assessed using SCORE2 and SCORE2-OP charts. A 24-hour ambula-
tory blood pressure monitoring (ABPM), 12-lead ECG, echocardiography with Doppler, carotid ultrasonog-
raphy with intima-media thickness (IMT) evaluation, and pulse wave velocity (PWV) measurement were
all performed.

e Laboratory Biochemical Block (Blood): The lipid profile, serum ApoA1, ApoB, and ApoE using immu-
noturbidimetry (Cobas Roche), and ApoE isoforms (\varepsilon2/\varepsilon3/\varepsilon4) using real-time
PCR, hs-CRP, fibrinogen, homocysteine, and HbA1c.

¢ Oral Fluid Proteomic Profiling: Only when the stomach was empty were samples of unstimulated mixed
saliva (100-200 pl) collected. ApoA1, ApoB, and ApoE levels were measured by ELISA (Abcam) and veri-
fied by LC-MS/MS mass spectrometry (Orbitrap Fusion, Thermo Scientific) after centrifugation (3000g \
times 15 min). Multiplex analysis of cytokines (IL-1(3, IL-6, IL-8, and TNF-a) was performed using the
Luminex xMAP platform. MMP-8, MMP-9, salivary CRP, oxidative stress markers (MDA, SOD, GSH), and
protective salivary proteins (lactoferrin, lysozyme, and sIgA) were also investigated.

STATISTICA 12.0, SPSS 26.0, R (packages MSstats, limma, ROCR), and Python (scikit-learn, pandas)
environments were used for data processing. Both parametric (t-test, ANOVA) and non-parametric (U-test,
Kruskal-Wallis) methods were used with Spearman/Pearson correlation analysis. Logistic regression with
LASSO predictor selection was used to build prognostic models. The model was validated using bootstrap
approaches (1000 iterations) and K-fold cross-validation. The models’ performance was evaluated using ROC
curves and AUC computations.

During the study, regional reference values for apolipoproteins in oral fluid were established for the first
time for the people of the Republic of Uzbekistan. The degree of bone tissue loss and blood lipid profile features
were connected with a significant imbalance in salivary lipid profiles in patients with CGP.

The concept of the “salivary lipoprotein signature of periodontitis” was created: a combined increase in
ApoB and a decrease in ApoA1 in the oral fluid, reaching a ratio coefficient of ApoB/ApoA1 > 1.3, is an early
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preclinical indicator of systemic lipid homeostasis disruption and periodontal inflammation. Saliva exhibits this
shift long before the carotid and coronary arteries show obvious signs of atherosclerosis.

Genetic Markers and Risk Prediction

PCR analysis was used to determine the pathogenic significance of ApoE isoform polymorphism. The
presence of the ApoE-\varepsilon4 variation has been associated with poorer cardiovascular outcomes, high
rates of alveolar bone resorption, and the most severe course of generalised periodontitis. ApoE-\varepsilon4
was shown to be an independent predictor of high comorbid risk.

Using multivariate analysis and LASSO selection, eight significant predictors from four blocks of data were
included in a mathematical model for the early prediction of cardiovascular issues (Table 1).

Table 1: Mathematical Risk Model for Predictors of Complications (“PerioCardio-Risk”)

Identified Predictors

Clinical Periodontal Bone destruction index (CAL), pocket depth (PD)
Proteomic (Salivary) ApoB/ApoA1 ratio > 1.3, salivary MMP-8 level
Biochemical (Serum) High-sensitivity CRP (hs-CRP), serum ApoB level
Behavioral / General Age, smoking status

The model demonstrated exceptional operational characteristics with high sensitivity and specificity and
an area under the ROC curve (AUC > 0.90). The “PerioCardio-Risk” software module in Russian, Uzbek, and
English, which computes risk automatically in less than a second, was built around this mathematical solution.

The Efficiency of Personalised Therapy

Our customised algorithm used three different protocols: “Classical,” “Anti-inflammatory-enhanced” with
omega-3 PUFAs and statins, and “Endothelial-protective” with L-arginine, coenzyme Q10, and vitamin D3. The
main group showed high clinical efficacy in comparison to the comparison group (Table 2).

Table 2: Comparative Dynamics of Treatment Effectiveness Markers (after 12 months)

Efficacy Indicator Main Group (n=65) Comparison Group (n=45)

Reduction in periodontal pocket depth (PD) 25-35% 10-12%
Normalization of salivary proteomic profile In 75-85% of patients In 22-28% of patients
Decrease in salivary pro-inflammatory cytokines Pronounced (p < 0.01) Insignificant (p > 0.05)

The results unequivocally show that both the local inflammatory state of periodontal tissues and systemic
metabolic disorders are fully reflected in oral fluid. The finding of high levels of ApoB and low levels of ApoA1
in saliva supports the theory that lipid issues in CGP are brought on by a systemic translocational mechanism.
Oxidative stress and endothelial dysfunction brought on by a prolonged inflammatory focus in the periodontium
seem to hasten the transcapillary transfer of atherogenic apolipoproteins into the oral fluid.

The observed association between the degree of CGP and the ApoE-\varepsilon4 isoform is consistent
with research conducted worldwide on the role of this genotype in controlling the macrophage response and
reducing cells’ capacity to decrease inflammation. For oral genetic screening, this opens up new possibilities.

Multidisciplinary cooperation is essential. Closing the gap between primary cardiological care and dental
visits is made feasible by the recommended approach. The “PerioCardio-Risk” technology automates this
process and provides dentists with evidence to rapidly send patients to a cardiologist two to five years prior to
the critical atherosclerotic presentation (such as myocardial infarction or stroke).

Multiplex analysis of saliva for apolipoproteins in a single sample (100-200 pl) is 1.8-2.2 times less expen-
sive than a comprehensive serological blood test. This characteristic, together with the technique’s total non-
invasiveness and psychological comfort for the patient, makes it a very helpful tool for regular screening in
actual healthcare settings.

CONCLUSION AND SUGGESTIONS

The unique concept of the “salivary lipoprotein signature of periodontitis” (ApoB/ApoA1 > 1.3) has been
developed and pathophysiologically verified as a non-invasive diagnostic criterion for linked periodontal-car-
diovascular illness.

The precise mathematical model (AUC > 0.90) used by the “PerioCardio-Risk” program ensures extremely
accurate long-term (2-5 years) prediction of cardiovascular issues.
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In 75-85% of patients, the developed personalised algorithm for differentiated therapy of CGP can improve

the quality of periodontal rehabilitation (by reducing pocket depth by 25-35%) and restore the metabolic homeo-
stasis of the oral fluid, which reduces the burden of systemic inflammation.
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