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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIeHUY CTAaTbH B PEAAKITUIO HEOOXOMUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps 1omkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUISIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas dyepe3 MoJITopa HHTepBaJjia Ha OHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonbs3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKCTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykornrcu, HaneyaraHHOW Ha KOMITBIOTEPE, JTOIDKEH
651TH IprTO’keH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHee IECSATH 1 He OoJiee 1BaALATH CTPAHUI] MALTHOIINCH,
BKJIIOYAsl yKa3areJib JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3UHCKOM SI3BIKaX.

3. B crarbe 10KHBI OBITH OCBEIIEHBI AKTyalIbHOCTh JAHHOTO MaTepHalla, METO/IBI U PE3YIIbTaThI
WCCIIeIOBaHUS U X 00CyKACHHE.

[Ipu npencTaBiIeHNHN B IleYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJIMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MUBaHUS U
YCBHIMICHHUS (B XOJI€ OCTPBIX OIBITOB).

4. K crarbe JOIKHBI OBITH NIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M I'PY3HHCKOM $I3bIKax (BKJIIOYAIOLIEE CIEeLYIOLINE pa3aesbl: Lielb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBbIX cioB (key words).

5. Tabnunpl HEOOXOIUMO NPENCTABIATE B IedaTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0/KHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbu. Tabiuibl U rpad)uKu TOTKHBI OBITH 03aryIaBIICHBI.

6. doTtorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIMHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paeHuH. PUCyHKH, yepTeXu U IuarpaMmbl ClIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsx k MukpogotorpagusaM CieayeT yKa3blBaTh CTEICHb yBEIMUCHHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB IIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennn u HarpaBneHun crared B xypHanm MHI nmpocum aBTOpOB cobmronars
NpaBUIIa, U3JIO0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PyKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHaJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHorpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKIIFOUAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKM B TeKcTe. CIHUCOK COCTaBIseTCs B
andaBuTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHana. B
CIMCKE JINTEPATyphl CHavYajia IPUBOIATCS PabOThI, HAIMCAHHBIE 3HAKaMU TPY3WHCKOTO anaBuTa, 3aTeM
Kupwuien u naruauneid. CChUIKM Ha MUTHUPYEMble PabOThl B TEKCTE CTAaThbH JAIOTCS B KBaIPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOM pabOoThI B CIIMCKE TUTEPATypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a MOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YYPEKJICHUS BU3Y U COINPOBONUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIe Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYaThIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHbIe koopAuHaTel. KomuuecTBo aBTOpPOB (COABTOPOB) HE NOJDKHO MPEBBIIIATH IISATH YEJIOBEK.

11. Penakuus ocraBisieT 3a cO00i MpaBo COKpaIlaTh U HCIPaBIATh cTarhi. KoppekTypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HalpaBiieHHE B peldaklMIoO padoT, MpeACTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNICHUH YKa3aHHbIX IIPaBUJI CTATbU HE PAaCCMaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Aim: To investigate serum and salivary protein Z and
B-arrestin-1 levels as predictors of T2DM as compared to the
healthy controls.

Methods: The assay comprised 98 subjects, enrolled of both
genders in the age range of 30-58 years old. Volunteers were
categorized into two groups: 49 healthy individuals and 49
DM patients. The blood and salivary samples were collected
and sent for biochemical analysis to measure the protein Z and
B-arrestin-1 levels.

Results: The DM group exhibited higher salivary and serum
B-arrestin-1 compared to the control group. The findings
revealed noticeably elevated serum and salivary protein levels.
Z,HbAlc and glucose levels in the DM group. Protein Z showed
significant negative correlations with HbAlc, supporting the
observation of decreased protein Z in poorer glycemic control.
Further analysis showed that serum and salivary protein Z are
(87.8 and 46.9)% sensitive and (89.8 and 100.0)% specific with
a cut-off value (<1.500, and <141.6), respectively. The ROC
Curve cut-off value of serum and salivary alpha B-arrestin-
lobserved was (>14.80, and >2.290 pg/ml), respectively. The
sensitivity was (95.9, 63.3)% and the specificity was (91.8 and
93.9)%, respectively.

Conclusion: Our findings demonstrated that higher salivary
levels of B-arrestin-1 and lower levels of protein Z were
associated with diabetes mellitus and could serve as an adjuvant
diagnostic tool for diabetes.

Key words. Diabetes, pancreas, saliva, insulin, protein Z,
B-arrestin-1.

Introduction.

The pancreas is an essential endocrine-exocrine organ that
generates a number of hormones and enzymes [1]. The majority
of islet cells in all vertebrates are f—cells, which release insulin
when blood glucose levels rise [2]. Type-1 and Type-2 diabetes
mellitus, which together afflict millions of people globally, are
caused by impaired insulin secretion [3]. Diabetes mellitus is a
prevalent metabolic disease marked by hyperglycemia that is
becoming more widespread in all age groups and socioeconomic
strata [4].

In addition to being a part of the metabolic syndrome and a
known risk factor for periodontal disease, type 2 diabetes (T2D)
is characterized by insulin resistance (IR) [5]. IR and B-cell
dysfunction play major roles in the pathophysiology of type
2 diabetes, while the exact cause of the disease is unknown
[6]. Hyperglycemia and salivary malproduction are linked to
metabolic disturbances [7].
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The salivary glands in the mouth produce and exude saliva,
an extracellular fluid that contains a variety of indicators useful
for identifying both local and systemic illnesses [8,9]. Saliva
testing has shown great promise in the long-term monitoring
of diabetes in recent years and is a non-invasive technique
with benefits such as easy collection, low cost, and good
patient compliance [10,11]. Compared to blood tests and other
diagnostic procedures, saliva offers several advantages as a
diagnostic tool, including ease of collection, non-invasiveness,
accessibility, safety, and precision [12].

The liver is primarily responsible for producing the vitamin
K-dependent anticoagulant plasma glycoprotein protein Z,
and it functions as a serpin activator [13]. Protein Z-dependent
protease inhibitor (ZPI) is more abundant than protein Z in
human plasma, and protein Z and PZI are found together in
the blood [14]. The vast variation in normal plasma protein Z
concentrations among individuals may be partially attributed to
heredity. protein Z acts as a cofactor for the inhibition of factor
(F) Xa via a ZPI by forming a calcium ion-dependent complex
with factor Xa on phospholipid surfaces [15].

The scaffold protein B-arrestin 2 (ARRB?2) is an intracellular
signalling molecule that can block G protein-coupled receptor
(GPCR) signalling [16]. Additionally, these proteins have the
ability to control numerous critical metabolic processes, such
as B-cell activity, in a way that is independent of G proteins.
B-arrestin-1 modulates insulin secretion and regulates [-cell
survival and functions [17,18]. The purpose of this study was
to assess B-arrestin-1 and serum and salivary protein Z levels as
predictors of type 2 diabetes in comparison to healthy controls.

Materials and Methods.

In this investigation, diagnosed diabetic patients were recruited
from Tikrit Teaching Hospital (Tikrit City, Iraq) between
February and December 2025. The age range of participants
was between 30 and 58 years old. The participants were divided
into two groups: 49 were patients with DM, and 49 healthy
individuals who served as a group of controls from the same
areas as the patients and were randomly selected.

Diabetes was diagnosed based on HbAlc 6.5%, fasting serum
glucose 126 mg/dL, and 2-hour plasma glucose with classic
hyperglycemic symptoms.

Exclusion criteria comprised individuals with type 1
diabetes, acute infections, chronic inflammatory diseases,
liver dysfunction, renal impairment, malignancy, or those on
antioxidant supplements.

The collection took place between 8:00 a.m. and 11:00 a.m. 5
ml of whole unstimulated saliva from each patient was collected
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Table 1. Demographic parameters of the studied groups.

Variable Control (n=49) DM (n=49) p value
Age, years 4246 45+12 0.12
Sex, M/F 22/27 29/20 0.01
BMI, kg/m? 24.9+9.2 27.8+5.4 0.06

6.1£2.3 -
Chi square used for sex parameter and two sample unpaired t-test used

for other parameters, p values considered significant at values less
than 0.05

Duration of DM, years ----

N
o
1

= P < 00001
=s =
] P < 0.0001 2
=1 = 204
54 =
5 Z 154
%3 5
= %
3 = 104
52 2
Z £ 5
A g
= w T T
v T T Control (=)
control oM
180 P < 00001
= L de
£ 170 = P < 00001
= b
=~ 160 e
] £3
Z 150 £
£ g2 l
= 140 =
= 130 £ 1
] 5
1 - T ol P
Control [=10) T
Control oM

Figure 1. Boxplots show the distribution of protein Z and f-arrestin
in saliva and serum of the studied groups. Blue boxes represent the
Control group, red boxes represent the DM group.

in the morning after fasting for at least 12 hours. Serum samples
were kept at -80°C while blood was centrifuged at 3,000 RPM
for 10 minutes at room temperature. After centrifuging the saliva
samples at 2,800 rpm for 10 minutes at 4°C, the supernatants
were moved to storage tubes and stored at -80°C. Sandwich
Enzyme-linked immunosorbent assay (ELISA) kits are used to
evaluate protein Z and B-arrestin-1 levels (Creative Diagnostics,
USA). Based on kits instructions supplied by Biolabo (France),
glucose levels and HbA 1¢ were measured based on colourimetric
and immunofluorescence assay, respectively.

Statistical analyses: Data analyzed using GraphPad Prism
(V10, USA). To assess the normal distribution of data, Shapiro-
Wilk test was used. Independent samples two-tailed t-tests were
employed for normally distributed data and Mann-Whitney U
test was used for non-normally distributed data. the differences
were considered significance at p<0.05. Correlations were
assessed using Spearman's rank correlation coefficient.

Ethical approval was obtained from Tikrit University

(Approval Letter Code MIDTUH3 on 14 January 2025).
Results.

The demographic parameters indicated well matched age and
BMI indicating non-significant differences at p value less than
0.05. There is variation in sex distribution between groups with
more female in control compared to DM group (p=0.01) (Table
1).

The DM group demonstrated substantially elevated levels of
glycemic markers, including HbAlc (6.87% vs 4.72%), serum
glucose (227.58 vs 97.17), and saliva glucose (5.78 vs 1.06).
B-arrestin-1 levels (pg/ml) showed pronounced elevation in
DM patients (saliva: 0.868 vs 0.150; serum: 2.503 vs 1.521),
suggesting activation of metabolic stress pathways. Notably,
protein Z levels (ng/ml) demonstrated an inverse pattern, with
lower concentrations in the DM group (saliva: 142.45 vs 151.98;
serum: 1.18 vs 1.94), potentially indicating consumption or
reduced synthesis in the diabetic state. Normality was assessed
using the Shapiro-Wilk test. Due to significant deviation from
normality in most variables (particularly in the DM group),
for group comparisons, non-parametric Mann-Whitney U tests
were used (Table 2 and Figure 1).

All biomarkers demonstrated statistically significant
differences between groups (p<0.001). Importantly, all effect
sizes were large (]Jd[>0.8), indicating clinically meaningful
differences. The largest effect sizes were observed for:

+ Saliva glucose (d=12.13): Reflecting the dramatic elevation
of glucose in diabetic saliva.

* Serum glucose (d=7.80): The hallmark feature of diabetes
mellitus.

The negative effect sizes for protein Z (saliva d=-1.21, serum

=-2.10) confirm significantly lower levels in the DM group,
potentially reflecting altered hemostatic function in diabetes.

Correlation Analysis:

All biomarkers demonstrated significant correlations with
HbAlc (p<0.001), confirming their relationship with glycemic
control. The strongest positive correlations were observed for
glucose (Serum r=0.751, saliva r=0.736), B-arrestin-1 (Serum
r=0.748, saliva r=0.750), whereas protein Z, which showed
significant negative correlations with HbAlc (Saliva: r=-0.521;
Serum: r=-0.595), supports the observation of decreased protein
Z in poorer glycemic control (Table 3).

Correlation between serum and salivary markers:

The scatter plot of glucose demonstrated a positive correlation
between saliva and serum glucose levels with differential

Table 2. Comparison of biomarker levels between the control and DM groups.

Variable Control DM

Saliva B-arrestin-1, pg/ml 1.863+0.334 2.637+0.603
Serum p-arrestin-1, pg/ml 12.35+£1.94 17.75+2.16
Saliva protein Z, ng/ml 151.98+7.54 142.45+8.20
Serum protein Z, ng/ml 1.940+0.413 1.180+0.303
HbAlc, % 4.720+0.601 6.872+0.473
Saliva glucose, mmol/L 1.060+0.024 5.776+0.549
Serum glucose, mmol/L 97.17£3.67 227.58+23.36

Data expressed as Mean+ SD, Significance: *** p<0.001. Cohen's d interpretation: |d|<0.2 negligible, 0.2-0.5 small, 0.5-0.8 medium, >0.8 large

effect.
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p value Cohen's d Sig.
<0.001 1.586 Hak
<0.001 2.630 Hak
<0.001 -1.210 HA*
<0.001 -2.100 ok
<0.001 3.979 ok
<0.001 12.134 HAK
<0.001 7.800 ok



clustering trends for control versus DM patients, with no
overlap between the two groups. The scatter plot of B-arrestin-1
demonstrated positive correlation between saliva and serum
B-arrestin-1 levels with considerable variability trends for
control versus DM patients, with no strong linear correlation.
The scatter plot of protein Z demonstrated a positive correlation
between saliva and serum protein Z levels, with considerable
variability trends for control versus DM patients, with a weak
correlation (Figure 2).

ROC analysis: Saliva glucose, serum glucose, and HbAlc
demonstrated complete sensitivity, specificity, and accuracy
at cutoffs of >5.000, >201.0, and >6.320, respectively. Serum
B-arrestin-1 (cutoff >14.80) 95.9% sensitivity, 91.8% specificity,
and 93.9% accuracy. Serum protein Z (cutoff of <1.500) also
revealed 87.8% sensitivity, 89.8% specificity, and 88.8%
accuracy. Saliva B-arrestin-1(cutoff >2.290) demonstrated
63.3% sensitivity, 93.9% specificity, and 78.6% accuracy. Saliva
protein Z (cutoff <141.6) demonstrated 46.9% sensitivity, 100%
specificity, and 73.5% accuracy (Table 4).

Classification Performance: Based on the cutoff values
provided in Table 5, glucose levels (saliva or serum)
demonstrated précised differentiation for all 98 participants
with no false positives or negatives. HbAlc demonstrated only
2 false negatives and no false positives. Serum [-arrestin-1
(cutoff >14.80) demonstrated 4 false positives and 2 false
negatives. Serum protein Z demonstrated 5 false positives
and 6 false negatives. Saliva B-arrestin-1 correctly defined 77
participants, with 3 false positives and 18 false negatives, while
Saliva protein Z correctly defined 72 participants, with 26 false
negatives, with no false positives.

Likelihood Ratios and Youden's Index:

The results of saliva glucose, serum glucose, and HbAlc
demonstrated a positive likelihood ratio (LR+), reflecting that
the test outcomes are positively linked with the disease, with
no false positives and thereby resulting in a perfect Youden's J
score of 1.000, further confirmed by HbAlc LR- of 0.04 and a
Youden's J of 0.959.

Serum B-arrestin-1 shows a strong positive association with
disease (LR+ = 11.71) and a very low LR- (0.04), resulting
in a high Youden's J of 0.878. Serum protein Z revealed good
diagnostic power (LR+ = 8.59, Youden's J = 0.776). Saliva
protein Z demonstrated only "Fair" acceptability for diagnosis,
reflected by a Youden's J of 0.469, with a modest LR of 0.53,
suggesting a greater rate of false negatives (Table 6). Therefore,
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Figure 2. Scatter plots depicting the relationship between saliva
and serum concentrations for each biomarker. Blue points represent
Control subjects, red points represent DM patients.

Table 3. Spearman correlations of biomarkers with HbAlc.

Table 4. ROC Analysis: Diagnostic Performance of Biomarkers (Ranked by AUC).

Biomarker AUC 95% CI Cutoff
Saliva glucose, mmol/L 1.000 1.000-1.000 >5.000
Serum glucose, mmol/L 1.000 1.000-1.000 >201.0
HbAlc, % 0.989 0.968-1.000 >6.320
Serum B-arrestin-1, pg/ml 0.975 0.943-1.000 >14.80
Saliva B-arrestin-1, pg/ml 0.871 0.799-0.943 >2.290
Serum protein Z, ng/ml 0.910 0.849-0.970 <1.500
Saliva protein Z, ng/ml 0.802 0.714-0.890 <141.6

Variable r p-value Significance
Saliva protein Z, ng/ml -0.521 <0.001 ok
Serum protein Z, ng/ml -0.595 <0.001 ok
Saliva glucose, mmol/L 0.736 <0.001 ok
Serum glucose, mmol/L 0.751 <0.001 Rk
Saliva g-arrestin-1, pg/ml  0.750 <0.001 HAK
Serum B-arrestin-1, pg/ml 0.748 <0.001 HkE
**%* p<(0.001; r: Spearman correlation coefficient
Sens% Spec% PPV% NPV% Acc%
100.0 100.0 100.0 100.0 100.0
100.0 100.0 100.0 100.0 100.0
95.9 100.0 100.0 96.1 98.0
95.9 91.8 92.2 95.7 93.9
63.3 93.9 91.2 71.9 78.6
87.8 89.8 89.6 88.0 88.8
46.9 100.0 100.0 65.3 73.5

AUC: Area Under the Curve; CI: Confidence Interval; Sens: Sensitivity; Spec: Specificity; PPV: Positive Predictive Value; NPV: Negative

Predictive Value; Acc: Accuracy. Cutoffs derived using Youden's Index.
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Table 5. Classification Performance at Optimal Cutoff Points.

Biomarker Cutoff TP TN
Saliva glucose, mmol/L >5.000 49 49
Serum glucose, mmol/L >201.0 49 49
HbAlc, % >6.320 47 49
Serum B-arrestin-1, pg/ml >14.80 47 45
Serum Protein Z, ng/ml <1.500 43 44
Saliva B-arrestin-1, pg/ml >2.290 31 46
Saliva Protein Z, ng/ml <141.6 23 49

FP FN Correct Misclass.
0 0 98 0

0 0 98 0

0 2 96 2

4 2 92 6

5 6 87 11

3 18 77 21

0 26 72 26

TP: True Positives; TN: True Negatives; FP: False Positives; FN: False Negatives; Correct: Total correctly classified; Misclass.: Total misclassified.

Total sample n=98 (49 Control, 49 DM).

Table 6. Likelihood Ratios and Youden's Index.

Biomarker LR+ LR-
Saliva glucose, mmol/L o0 0.00
Serum glucose, mmol/L o0 0.00
HbAlc, % 0 0.04
Serum B-arrestin-1, pg/ml 11.71 0.04
Serum protein Z, ng/ml 8.59 0.14
Saliva protein Z, ng/ml o0 0.53

Youden's J Interpretation
1.000 Excellent
1.000 Excellent
0.959 Excellent
0.878 Good

0.776 Good

0.469 Fair

LR+: Positive Likelihood Ratio; LR-: Negative Likelihood Ratio; Youden's J = Sensitivity + Specificity - 1. LR+ >10 and LR- <0.1 indicate
excellent diagnostic utility. co indicates perfect positive or negative predictive ability.

serum B-arrestin-1 and serum protein Z might be used as good
biomarkers, preferably serum measurements.

Discussion.

The present study has explored salivary protein Z and
B-arrestin-1 in patients with DM. In diabetic patients, B-arrestin
increased in serum and saliva; conversely, protein Z decreased
in serum and saliva compared to the control group. Moreover,
the results demonstrated that the levels of protein Z and
B-arrestin-1 have reciprocally harmonised and correlated with
the salivary concentration of glucose and HbAlc, reflecting a
potential link of these proteins with the hyperglycemic status
of individual patients. Therefore, serum B-arrestin-1 and serum
protein Z might be used as good biomarkers, preferably serum
measurements.

Isoforms of B-arrestins (p-arrestin-1 and B-arrestin-2) are a
group of intracellular proteins that participate in metabolic
functions and play a role in the pathophysiology of diabetes
[19]. In an experimental study conducted in mice, Luan et al.
(2009) demonstrated that reduced levels of B-arrestin-2 in the
liver and skeletal muscle resulted in insulin hyposensitivity,
and that restoring the B-arrestins expression can resolve glucose
sensitivity, reflecting its critical role in insulin pathways [20].
Despite sharing pathophysiological properties of gestational
diabetes regarding involvement of B-arrestin [21], the gestational
diabetes was associated with reduced levels of B-arrestin [22],
which contradicts our findings of elevated B-arrestin, taking into
consideration that the population involved in the present study
is Type 2 diabetes. In an experimental animal study, it has been
reported that B-arrestin-2 encourages glucose consumption by
increasing insulin sensitivity and glucose utilisation in diabetic
mice [23].

The present study also confirmed a positive correlation
between glycemic parameters and B-arrestin-2. Perhaps this
connection is related to the depicted role of B-arrestin in
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pancreatic B-cell function under normal and pathological
conditions, hence its reduction weakens insulin secretion [24].
Moreover, it has been reported that f-arrestin-2 reduces hepatic
glucose synthesis via blocking glucagon receptors [25]. In an
alternative study, it has been found that blocking B-arrestin-1
leads to cellular insulin hyposensitivity [26], and continuous
insulin therapy is associated with degradation of B-arrestin-1,
resulting in desensitisation of G protein-coupled receptors
[27] and controlling GLP-1-mediated insulin production [28].
Perhaps finding that the response to sulfonylurea increased with
B-arrestin-1 signalling in the pancreas [29].

In the present study, the levels of protein Z were associated with
areduction in DM compared to the control group. In a proteomic
cytokine array conducted to test 310 cytokines, 41 of which
were 1.5-fold elevated, except for protein Z, which was 2.2-fold
downregulated in prediabetic and 2.5-fold in T2DM compared
to the healthy group [30]. In bioinformatics genetic analysis,
findings revealed that protein Z is specifically associated with
diabetes rather than other diseases [31-35]. Moreover, protein
Z has also been involved in vascular complications potentially
associated with diabetic complications [36-38]. Moreover,
hyperlipidemia coincides with diabetes, which is further
associated with modulated protein Z levels [39].

Protein Z showed negative correlations with HbAlc. In line
with the present study, Bae et al. (2021) have also reported a
negative association of protein Z with glycemic parameters in
diabetic patients, reflecting that reduced protein Z concentration
is associated with worsening of glycemic status [30].

The analysis of ROC results revealed that salivary and serum
B-arrestin-1 are highly specific and sensitive as a diagnostic tool,
resulting in high accuracy of more than 90%, close to glucose
and HbAlc accuracy. However, protein Z has shown weaker
sensitivity and specificity, with accuracy even lower than 80%.
moreover, likelihood ratios and Youden's index reflected that
B-arrestin-land protein Z provided good interpretation for



association with glycemic parameters for diagnosis, Hence,
B-arrestin-1 is more reflective of diabetic status and comparable
to glycemic parameters and could be used as adjuvant diagnostic
tool, taking into consideration that salivary measured parameters
were reflective mirror for that of serum, providing a chance for
non-invasive strategy for diabetes diagnosis.

Limitation.

The limitation of this study includes a small sample size,
hindering the prediction of the exact relationship between
diabetes and B-arrestin and protein Z. More proteins are required
to be analysed, which could be better reflective of salivary
concentration and hence more mimicking the serum levels of
that marker to be used as an adjuvant for glycemic markers.
A longitudinal follow-up study is required to assess protein Z
as an adjuvant biomarker for the diagnosis of prediabetes and
newly diagnosed T2DM, providing a platform for teasing out
the pathophysiology of glucose dysmetabolism.

Conclusion.

It is likely that higher concentrations of B-arrestin-1, while
lower concentrations of protein Z, can be detected in the saliva
and serum of DM patients compared to the control group. In
order to fully investigate the potential of salivary biomarkers
as early markers of metabolic dysregulation linked to DM and
evaluate their therapeutic value, future research should focus on
filling in these gaps.
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