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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Aim: To investigate serum and salivary protein Z and 

β-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 
β-arrestin-1 levels.

Results: The DM group exhibited higher salivary and serum 
β-arrestin-1 compared to the control group. The findings 
revealed noticeably elevated serum and salivary protein levels. 
Z, HbA1c and glucose levels in the DM group. Protein Z showed 
significant negative correlations with HbA1c, 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 β-arrestin-
1observed 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 β-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, 
β-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 β–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 β-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]. 

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 β-arrestin 2 (ARRB2) 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 β-cell activity, in a way that is independent of G proteins. 
β-arrestin-1 modulates insulin secretion and regulates β-cell 
survival and functions [17,18]. The purpose of this study was 
to assess β-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 HbA1c 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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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 β-arrestin-1 levels (Creative Diagnostics, 
USA). Based on kits instructions supplied by Biolabo (France), 
glucose levels and HbA1c 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 HbA1c (6.87% vs 4.72%), serum 
glucose (227.58 vs 97.17), and saliva glucose (5.78 vs 1.06). 
β-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 (|d|≥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 
d=-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 
HbA1c (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), β-arrestin-1 (Serum 
r=0.748, saliva r=0.750), whereas protein Z, which showed 
significant negative correlations with HbA1c (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 

Variable Control (n=49) DM (n=49) p value
Age, years 42±6 45±12 0.12
Sex, M/F 22/27 29/20 0.01
BMI, kg/m2 24.9±9.2 27.8±5.4 0.06
Duration of DM, years ---- 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

Table 1. Demographic parameters of the studied groups.

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

Variable Control DM p value Cohen's d Sig.
Saliva β-arrestin-1, pg/ml 1.863±0.334 2.637±0.603 <0.001 1.586 ***
Serum β-arrestin-1, pg/ml 12.35±1.94 17.75±2.16 <0.001 2.630 ***
Saliva protein Z, ng/ml 151.98±7.54 142.45±8.20 <0.001 -1.210 ***
Serum protein Z, ng/ml 1.940±0.413 1.180±0.303 <0.001 -2.100 ***
HbA1c, % 4.720±0.601 6.872±0.473 <0.001 3.979 ***
Saliva glucose, mmol/L 1.060±0.024 5.776±0.549 <0.001 12.134 ***
Serum glucose, mmol/L 97.17±3.67 227.58±23.36 <0.001 7.800 ***
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.

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

Variable r p-value Significance
Saliva protein Z, ng/ml -0.521 <0.001 ***
Serum protein Z, ng/ml -0.595 <0.001 ***
Saliva glucose, mmol/L 0.736 <0.001 ***
Serum glucose, mmol/L 0.751 <0.001 ***
Saliva β-arrestin-1, pg/ml 0.750 <0.001 ***
Serum β-arrestin-1, pg/ml 0.748 <0.001 ***
*** p<0.001; r: Spearman correlation coefficient

Table 3. Spearman correlations of biomarkers with HbA1c.

Biomarker AUC 95% CI Cutoff Sens% Spec% PPV% NPV% Acc%

Saliva glucose, mmol/L 1.000 1.000-1.000 ≥5.000 100.0 100.0 100.0 100.0 100.0
Serum glucose, mmol/L 1.000 1.000-1.000 ≥201.0 100.0 100.0 100.0 100.0 100.0
HbA1c, % 0.989 0.968-1.000 ≥6.320 95.9 100.0 100.0 96.1 98.0
Serum β-arrestin-1, pg/ml 0.975 0.943-1.000 ≥14.80 95.9 91.8 92.2 95.7 93.9
Saliva β-arrestin-1, pg/ml 0.871 0.799-0.943 ≥2.290 63.3 93.9 91.2 71.9 78.6
Serum protein Z, ng/ml 0.910 0.849-0.970 ≤1.500 87.8 89.8 89.6 88.0 88.8
Saliva protein Z, ng/ml 0.802 0.714-0.890 ≤141.6 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.

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

clustering trends for control versus DM patients, with no 
overlap between the two groups. The scatter plot of β-arrestin-1 
demonstrated positive correlation between saliva and serum 
β-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 HbA1c 
demonstrated complete sensitivity, specificity, and accuracy 
at cutoffs of ≥5.000, ≥201.0, and ≥6.320, respectively. Serum 
β-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 β-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. HbA1c demonstrated only 
2 false negatives and no false positives. Serum β-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 β-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 HbA1c 
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 HbA1c LR- of 0.04 and a 
Youden's J of 0.959. 

Serum β-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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serum β-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 
β-arrestin-1 in patients with DM. In diabetic patients, β-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 
β-arrestin-1 have reciprocally harmonised and correlated with 
the salivary concentration of glucose and HbA1c, reflecting a 
potential link of these proteins with the hyperglycemic status 
of individual patients. Therefore, serum β-arrestin-1 and serum 
protein Z might be used as good biomarkers, preferably serum 
measurements.

Isoforms of β-arrestins (β-arrestin-1 and β-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 β-arrestin-2 in the 
liver and skeletal muscle resulted in insulin hyposensitivity, 
and that restoring the β-arrestins expression can resolve glucose 
sensitivity, reflecting its critical role in insulin pathways [20]. 
Despite sharing pathophysiological properties of gestational 
diabetes regarding involvement of β-arrestin [21], the gestational 
diabetes was associated with reduced levels of β-arrestin [22], 
which contradicts our findings of elevated β-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 β-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 β-arrestin-2. Perhaps this 
connection is related to the depicted role of β-arrestin in 

pancreatic β-cell function under normal and pathological 
conditions, hence its reduction weakens insulin secretion [24]. 
Moreover, it has been reported that β-arrestin-2 reduces hepatic 
glucose synthesis via blocking glucagon receptors [25]. In an 
alternative study, it has been found that blocking β-arrestin-1 
leads to cellular insulin hyposensitivity [26], and continuous 
insulin therapy is associated with degradation of β-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
β-arrestin-1 signalling in the pancreas [29].

In the present study, the levels of protein Z were associated with 
a reduction 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 HbA1c. 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 
β-arrestin-1 are highly specific and sensitive as a diagnostic tool, 
resulting in high accuracy of more than 90%, close to glucose 
and HbA1c 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 
β-arrestin-1and protein Z provided good interpretation for 

Biomarker Cutoff TP TN FP FN Correct Misclass.
Saliva glucose, mmol/L ≥5.000 49 49 0 0 98 0
Serum glucose, mmol/L ≥201.0 49 49 0 0 98 0
HbA1c, % ≥6.320 47 49 0 2 96 2
Serum β-arrestin-1, pg/ml ≥14.80 47 45 4 2 92 6
Serum Protein Z, ng/ml ≤1.500 43 44 5 6 87 11
Saliva β-arrestin-1, pg/ml ≥2.290 31 46 3 18 77 21
Saliva Protein Z, ng/ml ≤141.6 23 49 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 5. Classification Performance at Optimal Cutoff Points.

Biomarker LR+ LR- Youden's J Interpretation
Saliva glucose, mmol/L ∞ 0.00 1.000 Excellent
Serum glucose, mmol/L ∞ 0.00 1.000 Excellent
HbA1c, % ∞ 0.04 0.959 Excellent
Serum β-arrestin-1, pg/ml 11.71 0.04 0.878 Good
Serum protein Z, ng/ml 8.59 0.14 0.776 Good
Saliva protein Z, ng/ml ∞ 0.53 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. ∞ indicates perfect positive or negative predictive ability.

Table 6. Likelihood Ratios and Youden's Index.
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association with glycemic parameters for diagnosis, Hence, 
β-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 β-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 β-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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