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Abstract 

1.Background/Objectives: Diabetes mellitus (DM) is a chronic, non-communicable disease with 
significant systemic and oral health complications. Early, non-invasive diagnostic approaches, such as salivary 
biomarker analysis, could improve management and reduce associated complications. Salivary alpha-amylase has 
emerged as a promising biomarker due to its role in glycemic control and stress-related sympathetic activation. 
This study aims to evaluate salivary alpha-amylase levels as potential biomarkers for type 2 diabetes mellitus 
(T2DM) and explore their correlation with clinical parameters.2. Methods: A cross-sectional study was conducted 
involving 40 participants (20 T2DM patients and 20 controls). Saliva samples were collected and analyzed for 
alpha-amylase using ELISA. Data on oral health, body mass index (BMI), glycated hemoglobin (HbA1c), and total 
cholesterol were also collected.3. Results: Salivary alpha-amylase levels were significantly higher in T2DM patients 
(mean: 177.86 μ/L) compared to controls (mean: 90.98 μ/L, p = 0.001). Poorer oral health, higher BMI, and 
increased cholesterol levels were observed in diabetic participants. HbA1c levels revealed suboptimal glycemic 
control in a subset of patients.4. Conclusions: Salivary alpha-amylase shows potential as a non-invasive biomarker 
for T2DM diagnosis and monitoring. The findings emphasize the need for integrated medical and dental 
management to address systemic and oral health challenges in diabetes. Further research is needed to validate and 
standardize salivary diagnostic tools. 
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INTRODUCTION 

Diabetes mellitus is a chronic, non-communicable disease that is progressing at an 
accelerated rate worldwide. The morbidity and mortality associated with diabetes are due to 
the persistent increase in hyperglycemia and the manifestation of associated complications, 
such as cardiovascular disorders, nephropathy, retinopathy, neuropathy, and lower limb 
amputations. Regular testing for prevention, early diagnosis, and decisive management of 
diabetes have become critical to reducing the global incidence of the disease. Additionally, 
people with diabetes are at a significantly higher risk of developing infections, which greatly 
reduces life expectancy. In the oral cavity, complications such as xerostomia, gingivitis, 
periodontitis, dental caries, and delayed healing of all oral lesions are commonly observed. 
According to recent data from the International Diabetes Federation (IDF), 463 million adults 
are living with diabetes. This represents 9.3% of the global adult population. The total number 
is projected to reach 578 million by 2030 and 700 million by 2045 [1].  

The intricate connections between oral health and systemic diseases, including 
diabetes mellitus, emphasize the critical role of maintaining periodontal health for overall 
well-being. Diabetes, as a chronic and rapidly escalating global condition, exacerbates the risk 
of periodontal disease by altering the oral environment through mechanisms such as 
impaired immune response, increased inflammation, and delayed healing. Factors such as 
age, systemic conditions, and tobacco use further compound this vulnerability, intensifying 
both periodontal and systemic disease manifestations. These shared risk factors also create 
common pathways linking periodontal disease with major noncommunicable diseases, 
including cardiovascular disease, cancer, chronic respiratory disease, and diabetes itself. 
Recognizing the oral cavity as a “window to general health” underscores the undeniable 
relationship between oral and systemic health. Improving oral health literacy and promoting 
preventive behaviors are essential for mitigating oral diseases and their systemic implications. 
Given the shared risk factors between oral and systemic diseases, studying salivary 
biomarkers offers valuable insights into health parameters, particularly in populations 
affected by Type 2 diabetes [2]. 

Blood analysis is considered the only conventional method for evaluating biological 
control. However, blood sampling is invasive, which can lead to complications such as 
psychological stress and anxiety for most patients. Currently, research is focusing on non-
invasive techniques, such as diagnosing type II diabetes mellitus using saliva. Saliva 
collection is a safe and low-risk method that reduces the potential for virus transmission. As a 
result, saliva stands out as an innovative, non-invasive, and simple tool for disease diagnosis. 
It holds the promise of becoming a practical alternative to conventional diagnostic methods, 
such as serum or urine tests, in the future [3]. Saliva analysis offers several advantages: it is 
cost-effective, easy to collect, transport, and store. Saliva is a heterogeneous oral fluid 
composed of numerous constituents that play a crucial role in maintaining oral health 
homeostasis. Studies show that both the composition and function of saliva are influenced by 
local and systemic changes. Therefore, salivary molecules could serve as strong indicators for 
predicting, monitoring, and diagnosing systemic and local disorders. Early diagnosis can 
prevent or delay long-term health complications in individuals with type II diabetes. If 
undiagnosed and/or untreated, diabetes significantly impacts quality of life. Consequently, 
various biochemical parameters of saliva can be investigated, such as glucose, salivary 
amylase, and immunoglobulin A [4].  

The validation of salivary biomarkers in terms of accuracy, sensitivity, specificity, and 
reliability is essential for advancing personalized approaches to the prevention and treatment 
of systemic comorbidities, such as type 2 diabetes mellitus (T2DM). This validation could also 



Medicine in Evolution Volume XXX, No. 4, 2024 

 
697 

impact oral health and host response parameters. T2DM is a chronic metabolic disorder 
associated with various oral manifestations, including poor periodontal health and changes in 
salivary composition. Altered protein concentrations detected in the saliva of individuals with 
diabetes have been proposed as useful tools for identifying T2DM. However, it remains 
unclear whether salivary protein biomarkers can reliably differentiate between a 
periodontally healthy T2DM individual and one with periodontitis as part of routine clinical 
diagnosis [5]. 

Traditional methods for monitoring glycemic levels, such as measuring blood glucose 
and glycated hemoglobin (HbA1c), rely on invasive techniques like venous puncture and 
capillary blood sampling. While accurate, these methods are time-consuming, potentially 
stressful, and less practical for frequent or immediate use. Point-of-care (POC) testing offers a 
faster alternative by enabling specimen analysis directly at or near the site of patient care, 
reducing delays in clinical decision-making. However, invasive procedures may still induce 
stress, particularly in younger populations or those with neuropsychiatric disorders, which 
can exacerbate hyperglycemia. Non-invasive approaches, such as salivary diagnostics, 
provide a promising solution for overcoming these limitations. Salivary glucose levels, 
typically ranging from 0.5 to 1 mg/dL, increase after food intake and correlate well with 
blood glucose and HbA1c levels under both stimulated and unstimulated conditions. Other 
salivary markers, such as fructosamine glycated proteins and salivary amylase, also show 
strong associations with glycemic control. Salivary amylase, a key enzyme in starch digestion, 
plays an important role in postprandial glucose regulation. Higher salivary amylase activity 
is linked to lower blood glucose levels following starch intake, likely due to increased insulin 
secretion. Furthermore, salivary amylase is sensitive to stress, serving as a marker of 
sympathetic nervous system activation, and may reflect stress-related glycemic changes in 
diabetes patients. Despite these advantages, salivary glucose testing can be influenced by 
factors such as oral bacterial flora, hydration, and certain medications, potentially affecting 
accuracy. This underscores the need for further exploration of alternative salivary biomarkers 
for diabetes management. Advances in salivary diagnostics hold significant potential for non-
invasive, accessible, and efficient monitoring of glycemic control, but additional research is 
required to validate these methods and address their current limitations [6]. 

Aim and objectives 
This study aims to explore the potential of salivary alterations as a diagnostic tool for 

type 2 diabetes mellitus by analyzing the composition and characteristics of saliva in 
individuals with diabetes and comparing these findings to a control group. The primary 
objective is to assess salivary amylase levels to evaluate their potential as biomarkers for type 
2 diabetes diagnosis, while secondary objectives include correlating salivary markers with 
clinical and laboratory parameters such as glycated hemoglobin, body mass index (BMI), and 
total cholesterol. By integrating demographic and clinical data collected through 
questionnaires, the study also investigates the influence of lifestyle factors and medical 
history on salivary changes. This research aspires to propose a non-invasive, efficient 
alternative to traditional blood glucose testing, advancing accessible diagnostic methods and 
improving clinical management to reduce complications associated with diabetes. 

MATERIAL AND METHODS 

The investigation of salivary amylase alterations in patients with type 2 diabetes was 
conducted as part of a comprehensive research project at the Oral Health Clinic, Faculty of 
Dentistry, Timi oara, between 2023 and 2024. To ensure the scientific integrity and ethical 
compliance of the study, the research protocol underwent a thorough review by the 
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University’s Ethics Committee. This cross-sectional study was carried out at the Translational 
and Experimental Clinical Research Center for Oral Health, within the Clinic of Preventive, 
Community Dentistry and Oral Health at the "Victor Babe " University of Medicine and 
Pharmacy, Timi oara, Romania. The study involved the collection of saliva samples from 40 
participants under standardized conditions. 

The study adhered to the ethical guidelines set forth in the Declaration of Helsinki 
(1964) by the World Medical Association. Ethical approval was granted by the Ethics 
Committee of the "Victor Babe " University of Medicine and Pharmacy, Timi oara, Romania 
(approval number 34/2018). Participation in the study was entirely voluntary, and informed 
consent was obtained from all participants. As the study involved the completion of a 
questionnaire containing personal data and the collection of biological samples, written 
consent was obtained from all participants before their inclusion in the research.  

Initially, a group of 53 patients was selected for inclusion in the study. Subsequently, 
after applying the appropriate exclusion criteria, the number of participants was reduced to 
40, who served as the source of data for the present study. Careful consideration was given to 
selecting subjects within the same age group and from the same geographical area to ensure 
the consistency of the data analyzed (Figure 1). 

 

 
Figure 1. Schematic diagram of the workflow 

 
The inclusion and exclusion criteria were established in accordance with the objectives 

and purpose of the research. To be eligible for inclusion in the study, participants had to meet 
the following inclusion criteria: they needed to be within a predefined age range, diagnosed 
with type 2 diabetes mellitus according to relevant international criteria, and willing to 
provide informed consent for participation in the study. 

The exclusion criteria included the presence of other metabolic or endocrine disorders 
that could affect salivary composition, the use of medications that might influence salivary 
secretion, or any other conditions that could interfere with the collection and interpretation of 
salivary data. 

By applying these criteria, it was ensured that the participants selected for the study 
represented a homogeneous group, suitable for the evaluation of salivary changes associated 
with type 2 diabetes.  
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To collect general information about the subjects, such as age, sex, type of diabetes 
diagnosis, and disease duration, a questionnaire was used in the first stage of the study. 
Additionally, the presence of other systemic conditions, ongoing treatments, and the subjects' 
smoking history was investigated, thus supplementing the obtained data with relevant 
information regarding their lifestyle and general oral health status. Furthermore, body mass 
index (BMI) was determined and blood analyses were performed to assess glycated 
hemoglobin, blood glucose levels, and total cholesterol. These additional data allow for a 
more comprehensive understanding of the participants' health status and the potential 
correlations between the various variables investigated. 

In the second stage, the experimental phase, saliva samples were collected to 
determine salivary amylase levels. The collection took place between 06:00 and 08:00 in the 
morning, before performing oral hygiene and without prior consumption of food or liquids. 
Special containers, called Salivettes, were used for saliva collection, with a minimum sample 
volume of 1 ml required for each sample. The collection process involved opening the 
Salivette container to expose the internal absorbent pad, which was not touched by hand 
(Figure 2). The pad was then placed directly in the oral cavity by gently tilting the container 
and chewed lightly for 2 minutes to allow it to become saturated with saliva. Afterward, the 
pad was placed back into the container without being touched and the container was securely 
sealed. Subsequently, the samples are stored in a cryogenic environment at low temperatures 
before being transported to a specialized laboratory for analysis. Saliva was then analyzed 
using the ELISA method, a biochemical test that employs a solid-phase enzyme immunoassay 
to detect a ligand in a liquid sample, utilizing antibodies specific to the protein to be 
measured. ELISA is widely used as a diagnostic tool in medicine. 

 

 
Figure 2. Salivette – containers for saliva sample collection 

 
The data were entered into a computer (MS Office 2010, Excel spreadsheet) and 

subjected to statistical analysis using the SPSS statistical software package (version 23). To 
measure statistically significant differences between the two groups, the independent samples 
t-test and the Chi-square test were used. 

RESULTS 

The study cohort consisted of 40 participants, divided equally into two groups: 20 
individuals with type 2 diabetes and 20 non-diabetic controls. Within the diabetic group, 12 
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participants were women, with an average age of 45.3 years, and 8 were men, with an average 
age of 41.7 years. In comparison, the non-diabetic group included 11 women, with an average 
age of 44.4 years, and 9 men, with an average age of 45.1 years. The age distribution between 
the two groups was relatively similar, with no significant differences in average age, ensuring 
comparability for further analyses. The balanced gender distribution and similar age ranges 
across both groups helped minimize demographic variability, allowing for a more focused 
assessment of the specific parameters being studied. This alignment strengthens the validity 
of the comparisons drawn between diabetic and non-diabetic individuals, particularly when 
examining salivary biomarkers, clinical metrics, and other related health parameters. The 
demographic characteristics of the diabetic and control groups, based on responses collected 
from questionnaires, are presented in Table 1.  

The duration since diagnosis of diabetes was 11 ± 8 years. Blood glucose levels were 
261 ± 131 mg/dL. Data obtained from the diabetic patients were compared with a control 
(non-diabetic) group consisting of 20 subjects, including 11 women and 9 men. The mean 
(±SD) blood glucose levels in this group were 92 ± 9 mg/dL. 

Table 1 shows the distribution of study subjects, indicating that 20 subjects with 
diabetes and 20 subjects in the normal group were included. 

 
Table 1. Distribution of study subjects in the Diabetes and Non-Diabetes group 

No. Study Group Type 2 Diabetes  Average Age Non-diabetes Average Age 
1. Women 12 45.3 11 44.4 
2. Men 8 41.7 9 45.1 
Total  20  20  

 
In the studied sample, two distinct groups were analyzed: one consisting of 

individuals with diabetes and the other of individuals without diabetes. The average age of 
the diabetic group is 43.5 years, with a standard deviation of 1.8 years, indicating moderate 
variability in ages within this group. In contrast, the non-diabetic group recorded a slightly 
higher average age of 44.7 years, but with a significantly smaller standard deviation of only 
0.35 years. This suggests greater homogeneity in terms of age within the non-diabetic group. 
These data indicate that, although the average age is similar between the two groups, the age 
variability is considerably lower among individuals without diabetes (Table 2). 

 
Table 2. Descriptive table with age and standard deviation for the studied sample 

No. Sample Average Age Standard deviation 
1. DIABETIC 43,5 1,8 
2. NON DIABETIC 44,7 0,35 

 
Table 3 presents the comparison of salivary alpha-amylase levels between diabetic 

patients and healthy subjects, showing a statistically significant difference between the two 
groups (p < 0.05). 

 
Table 3. Comparison of salivary alpha-amylase levels between diabetic patients and healthy subjects using the 
independent samples t-test 

No. Sample Mean Standard Deviation p Value 
1. DIABETIC 177.86 72.17 0.001* 
2. NON-DIABETIC 90.98 44.17 0.001* 

 
Another important factor that was analyzed based on the questionnaire was the oral 

health. The results show that diabetic patients mostly visit the dentist 2-3 times, or even 4 
times a year, while healthy subjects typically visit the dentist 1-2 times a year. This suggests 
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that oral health is poorer among diabetic patients. One reason for this is the reduced salivary 
flow, which consequently increases the incidence of dental caries. Regarding the frequency of 
dental hygiene, the majority of diabetic patients brush their teeth once a day; 4 out of 20 
reports brushing twice a day. In contrast, among the healthy subjects, 10 brush once a day, 
and 10 brush twice a day. All diabetic patients, as well as healthy subjects, use fluoride 
toothpaste and auxiliary hygiene tools, either a water flosser or dental floss. 

As is well known, type 2 diabetes is associated with certain oral manifestations, such 
as dry mouth, halitosis, dental mobility, spontaneous or brushing-induced gum bleeding, 
fungal infections, and taste alterations. Based on the responses from diabetic patients, we find 
that 11 of them report experiencing dry mouth and bad breath, 6 have dental mobility, and 16 
patients complained of gum bleeding, with the majority occurring during brushing, and only 
a few spontaneously (Figure 3). When comparing these responses with those of healthy 
subjects, we find that only 7 out of 20 healthy subjects report minor gum bleeding, which is 
exclusively caused by tooth brushing. Among healthy subjects, xerostomia (dry mouth) is 
present in 2 individuals, while dental mobility is absent (Figure 4). 

 

 
Figure 3. Description of the diabetic patient sample based on oral manifestations 

 

 
Figure 4. Description of the non-diabetic patient sample based on oral manifestations 

 
The age, weight, and height of both diabetic patients and healthy subjects were 

recorded, allowing for the calculation of Body Mass Index (BMI) for each participant. A graph 
was generated to facilitate a comparative analysis of the results. The data revealed a 
significant difference in BMI values between the groups. Notably, none of the diabetic 
patients had a BMI below 25, which is considered within the normal range. Within the BMI 
range of 25-30, six individuals were identified, comprising four women and two men. The 30-
35 BMI range showed the highest prevalence, with 13 individuals classified as overweight, 
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including eight women and five men. Only one individual was observed with a BMI 
exceeding 35 (Figure 5). 

Among the healthy subjects, a distinct distribution of BMI values was observed, 
highlighting notable lifestyle differences compared to diabetic patients. In the BMI category 
below 25, 50% of the healthy subjects, totaling 10 individuals, were classified. Within the BMI 
range of 25-30, nine individuals were identified, while one subject fell within the 30-35 BMI 
range. No individuals in the healthy group had a BMI exceeding 35 (Figure 5). 

 

 
Figure 5. Description of the diabetic and non-diabetic patient sample based on body mass index 

 
Glycated hemoglobin was analyzed in diabetic patients, as this test is routinely 

conducted as part of their clinical management. Glycated hemoglobin serves as a critical 
marker for assessing long-term glycemic control in individuals with diabetes. Normal values, 
indicative of well-controlled diabetes, range between 6-7%. Values exceeding 7% suggest 
inadequate glycemic control, potentially due to factors such as non-adherence to prescribed 
antidiabetic medication or dietary recommendations. A comparative graph was generated 
based on the results obtained from the diabetic patients. The analysis revealed that the 
majority of patients (17 individuals) had glycated hemoglobin levels within the target range 
of 6-7%. Conversely, three patients were found to have glycated hemoglobin levels exceeding 
7%, reflecting suboptimal glycemic control (Figure 6). 

 

 
Figure 6. Description of the diabetic patient sample based on glycated hemoglobin levels 
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Total cholesterol levels were analyzed in both diabetic patients and healthy controls to 
compare values between the groups and explore the potential influence of type 2 diabetes on 
this parameter. The aim was to assess whether diabetes impacts cholesterol levels and to 
correlate these findings with health status. Among the diabetic patients, six individuals were 
found to have total cholesterol levels within the range of 200-240 mg/dL, which is considered 
borderline normal. However, 14 patients exhibited cholesterol levels exceeding 240 mg/dL, 
indicating hypercholesterolemia. In contrast, the healthy control group presented markedly 
different results: five individuals had cholesterol levels in the range of 200-240 mg/dL, while 
the majority, 15 individuals, had cholesterol levels below 200 mg/dL, considered optimal. 
These findings highlight a significant disparity in cholesterol levels between diabetic and 
healthy individuals. 

 

 
Figure 7. Description of the diabetic and non-diabetic patient sample based on total cholesterol levels 

DISCUSSIONS 

This study highlights the potential of salivary diagnostics as a non-invasive, cost-
effective, and practical approach to evaluating type 2 diabetes mellitus (T2DM) and 
associated complications. The analysis of salivary alpha-amylase levels revealed significantly 
higher concentrations in diabetic patients compared to healthy controls, supporting the 
hypothesis that salivary biomarkers can serve as reliable indicators of glycaemic status. These 
findings align with previous research, demonstrating that salivary amylase levels correlate 
with blood glucose and glycated haemoglobin (HbA1c) levels, thereby offering a non-invasive 
alternative to traditional blood-based diagnostic methods [7,8]. Importantly, the observed 
increase in salivary amylase levels among diabetics underscores its potential utility in routine 
clinical monitoring and early detection of diabetes. 

Salivary amylase begins the hydrolysis of starch in the mouth, accounting for no more 
than 30% of the total hydrolysis of starch. Since salivary amylase is inactivated by an acidic 
pH, no significant carbohydrate hydrolysis occurs in the stomach. Acinar cells, which 
produce salivary amylase, are innervated by both sympathetic and parasympathetic 
pathways. Activation of the sympathetic nervous system increases amylase synthesis, thereby 
increasing the concentration of amylase in saliva, while parasympathetic activity increases the 
rate of salivary flow with little or no effect on amylase synthesis. Salivary amylase is 
associated with the autonomic system and is involved in glycemic digestion, making it a 
promising biomarker for evaluating and monitoring diabetes mellitus [9]. Blood glucose 
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levels after starch consumption are influenced by genetic differences in salivary amylase, an 
enzyme that breaks down dietary starch. Higher salivary amylase activity is associated with 
lower blood glucose levels. In fact, individuals with high salivary amylase concentrations 
have had significantly lower blood glucose responses after starch ingestion compared to 
individuals with low enzyme concentrations, with this difference being mediated by 
increased plasma insulin concentrations in individuals with high enzyme levels [9]. 

Salivary alpha-amylase has been identified as a marker of sympathetic nervous system 
activity and stress. Its activity increases under sympathetic autonomic stimulation, making it 
a potential indicator for evaluating glycemic control in pathological conditions like diabetes 
mellitus (DM), where stress plays a role in glycemic fluctuations. Measuring salivary amylase 
provides a non-invasive method for monitoring stress-mediated changes in diabetic patients 
[10,11]. Key techniques for measuring salivary amylase include enzyme-linked 
immunosorbent assays (ELISA) and colorimetric methods, with the Phadebas® method being 
particularly accurate and user-friendly. Saliva collection methods can significantly influence 
the results, as factors like diurnal variations, saliva collection schedules, and techniques (e.g., 
cotton swabs vs. flow collection) affect amylase measurements. Studies have reported 
conflicting results regarding salivary amylase levels in diabetic patients, with some showing 
reduced levels due to autonomic neuropathy and microvascular complications, while others 
found increased levels linked to altered glucose regulation mechanisms. These discrepancies 
may stem from variations in sample collection, disease duration, comorbidities, and 
medication use. Hyperglycemia impacts salivary gland function, reducing salivary flow and 
altering composition, leading to oral health issues such as dry mouth, infections, caries, and 
mucosal changes. Saliva's biochemical profile, including glucose, proteins, electrolytes, and 
enzymes like amylase, reflects systemic changes in diabetes and can be used for disease 
diagnosis and management [12-16].  

The present study observed higher salivary alpha-amylase levels in diabetic patients 
compared to healthy controls, supporting its potential as a biomarker. The increase is likely 
due to glucose regulation mechanisms involving the pancreas and salivary glands, 
highlighting the interconnectedness of systemic and oral health in diabetes. Further research 
is needed to standardize methodologies and validate salivary biomarkers for clinical use. In 
this study, the mean total salivary alpha-amylase level in diabetic subjects was 177.86 μ/L, 
while in normal subjects it was 90.98 μ/L, a difference that was statistically significant 
(p=0.001). These results are consistent with the study conducted by Panchabhai AS and 
colleagues, who measured salivary glucose, salivary alpha-amylase, total salivary proteins, 
and salivary flow rate in diabetic patients in India. The results of that study showed a 
decrease in salivary alpha-amylase levels in patients with controlled diabetes who were under 
treatment, compared to normal subjects [17]. In the present study, an increase in salivary 
alpha-amylase levels was found in patients newly diagnosed with diabetes mellitus. This 
finding could explain why an increase in salivary alpha-amylase levels was observed in our 
study. The results are in line with those of the study by Pal and colleagues, who 
demonstrated a significant positive correlation between salivary alpha-amylase levels and 
total proteins in diabetic patients. Furthermore, the present study aligns with the research 
conducted by Malathi and colleagues, who investigated salivary alpha-amylase as a 
diagnostic tool for early-stage diabetic patients. In that study, the average salivary alpha-
amylase level in diabetic patients was 2739.48 μ/L, compared to 1740.38 μ/L in the normal 
group. In our study, newly diagnosed diabetic patients were evaluated for salivary alpha-
amylase levels, and the results showed that the level of salivary alpha-amylase was higher in 
men than in women [16].  

Salivary alpha-amylase is a component of saliva whose level does not change with 
age. Ben-Aryeh and colleagues found lower levels of alpha-amylase in older individuals, 
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while others observed no significant differences or even reported elevated levels of this 
enzyme. Salivary alpha-amylase is primarily produced by the parotid glands and is 
considered a marker of parotid saliva. It has been reported that these glands can maintain 
their secretory function throughout human life, which may explain the results obtained in our 
study, where no significant differences in alpha-amylase levels were found between younger 
and older individuals. Differences in results may be attributed to varying methodologies, 
different age groups, and/or whether saliva was collected in a stimulated or unstimulated 
state. Another factor that may influence results is stress, which is inherently present in dental 
practice and can be induced in patients by routine dental procedures or even by regular 
check-ups. It is known that stress increases salivary alpha-amylase levels [18]. 

The replacement of blood tests with other non-invasive samples, such as saliva, is 
increasingly being proposed for a variety of pathologies and is especially useful for patients 
with neurocognitive disorders or children, for whom blood collection is very stressful. This is 
primarily due to the fact that saliva tests are cheaper than blood tests, they are non-invasive 
and easy to store. Additionally, saliva is less infectious than blood, easier to handle in 
diagnostic procedures, and does not coagulate [19].  

The study also explored the broader implications of T2DM on oral health. Diabetic 
participants reported significantly higher rates of oral manifestations, such as xerostomia, 
gum bleeding, halitosis, and dental mobility, compared to their non-diabetic counterparts. 
These symptoms are consistent with the well-documented impact of hyperglycemia on 
salivary gland function and periodontal health, which predispose individuals with diabetes to 
oral infections and delayed wound healing [20,21]. The reduced salivary flow observed in 
diabetic patients contributes to an increased risk of dental caries and periodontal disease, 
further emphasizing the interconnectedness of systemic and oral health. Notably, the frequent 
dental visits among diabetic patients, as opposed to the healthy controls, highlight the 
heightened need for oral healthcare interventions in this population. 

BMI and cholesterol levels provided additional insights into the systemic health 
disparities between diabetic and non-diabetic individuals. None of the diabetic participants 
had a BMI below 25, with the majority falling within the overweight or obese categories. This 
contrasts sharply with the non-diabetic group, where a substantial proportion maintained a 
normal BMI. These results underscore the strong association between obesity and diabetes, 
with obesity acting as a significant risk factor for insulin resistance and glycemic 
dysregulation [22]. The cholesterol analysis revealed a similar trend, with a high prevalence 
of hypercholesterolemia among diabetic patients, further corroborating the increased 
cardiovascular risk associated with diabetes. This highlights the need for comprehensive 
management strategies that address not only glycemic control but also lipid profile 
optimization and weight management [23]. 

Glycated hemoglobin analysis provided a valuable measure of long-term glycemic 
control among diabetic participants. While most individuals achieved HbA1c levels within 
the target range of 6-7%, a subset exhibited levels exceeding 7%, indicative of suboptimal 
glycemic control. This finding points to potential challenges in treatment adherence, dietary 
regulation, or medication efficacy, necessitating a personalized approach to diabetes 
management. The significant variability in glycemic control observed in the study population 
underscores the importance of early detection and continuous monitoring of diabetes to 
mitigate long-term complications [24].  

Oral manifestations of type 2 diabetes can be prevented through several approaches, 
including ensuring proper brushing and flossing behaviors, encouraging patients to visit the 
dentist for routine check-ups, and controlling blood glucose levels. Many patients with 
diabetes are unaware of the relationship between diabetes and oral health. There is a lack of 
awareness about the importance of maintaining among diabetic patients. Furthermore, only a 
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small percentage of patients diagnosed with diabetes visit the dentist for regular periodontal 
checks. It is assumed that every diabetic patient is at risk for periodontal disease and should 
be referred for periodontal screening and educated about the importance of oral health and 
regular dental visits. It has been reported that more than 90% of patients with diabetes 
mellitus (DM) experience oral manifestations due to the lack of regular dental check-ups. It 
has been suggested that individuals with higher educational levels are more concerned about 
the prevention and control of the disease. Therefore, providing education will increase 
awareness, which will help prevent oral complications of diabetes [25,26]. Involvement of oral 
health professionals in the strategies for identifying individuals at risk of diabetes mellitus 
will strengthen the preventive and screening efforts needed to prevent oral diseases. 
Treatment outcomes can be improved if dental practitioners are aware of the dental 
implications and risk factors of diabetes mellitus. Diabetic patients should be encouraged to 
visit the dentist to reinforce and educate them on oral health information through diabetes 
and dental care centers. Systemic health is closely linked to oral health, especially in diabetic 
individuals, which increases the need for collaborative dental and medical management of the 
patient. To improve the general and oral health of diabetic patients, a collaborative 
relationship should be developed between patients, physicians, and dentists [27,28].  

Finally, the study demonstrated the utility of integrating demographic, clinical, and 
lifestyle data to provide a holistic understanding of the interplay between systemic and oral 
health in diabetes. The use of questionnaires to collect data on oral hygiene practices, medical 
history, and systemic health parameters further enriched the analysis, providing a 
comprehensive picture of the multifaceted impact of T2DM. The promising results obtained 
from salivary diagnostics suggest a shift toward non-invasive diagnostic modalities, which 
could improve patient compliance and accessibility, particularly in resource-limited settings 
[29]. 

Further research is warranted to validate these findings across larger populations and 
diverse settings, as well as to address potential limitations, such as the influence of oral 
bacterial flora and hydration status on salivary marker accuracy. 

CONCLUSIONS 

In conclusion, this study supports the viability of salivary biomarkers as diagnostic 
and monitoring tools for T2DM while highlighting the broader systemic and oral health 
challenges faced by individuals with diabetes. The findings underscore the importance of a 
multidisciplinary approach to diabetes management, integrating medical, dental, and lifestyle 
interventions to improve patient outcomes. 

Conflicts of Interest 
The authors declare no conflict of interest. 

REFERENCES 
[1] Chen C, Shao Y. Elevated Interleukin-17 Levels in Patients with Newly Diagnosed Type 2 

Diabetes Mellitus. Biochemistry & Physiology: Open Access. 2016 Jan 1;5.  
[2] Schwarz C, Hajdu AI, Dumitrescu R, Sava-Rosianu R, Bolchis V, Anusca D, et al. Link between 

Oral Health, Periodontal Disease, Smoking, and Systemic Diseases in Romanian Patients. 
Healthcare [Internet]. 2023 Aug 21 [cited 2024 Dec 15];11(16):2354. Available from: 
https://www.mdpi.com/2227-9032/11/16/2354 

[3] Schwarz C, Balean O, Dumitrescu R, Ciordas PD, Marian C, Georgescu M, et al. Total 
Antioxidant Capacity of Saliva and Its Correlation with pH Levels among Dental Students under 



Medicine in Evolution Volume XXX, No. 4, 2024 

 
707 

Different Stressful Conditions. Diagnostics [Internet]. 2023 Dec 12 [cited 2024 Dec 15];13(24):3648. 
Available from: https://www.mdpi.com/2075-4418/13/24/3648 

[4] Shrestha S, Pokhrel S, Poudel A, Bhandari Bc S, Shakya M, Timilsina A, et al. Implication of 
Salivary Biochemical Parameters for Diagnosis and Prognosis of Type 2 Diabetes Mellitus. Int J 
Anal Chem. 2022;2022:1781613.  

[5] Miller CS, Ding X, Dawson DR, Ebersole JL. Salivary biomarkers for discriminating periodontitis 
in the presence of diabetes. J Clinic Periodontology [Internet]. 2021 Feb [cited 2024 Jun 
30];48(2):216–25. Available from: https://onlinelibrary.wiley.com/doi/10.1111/jcpe.13393 

[6] Pérez-Ros P, Navarro-Flores E, Julián-Rochina I, Martínez-Arnau FM, Cauli O. Changes in 
Salivary Amylase and Glucose in Diabetes: A Scoping Review. Diagnostics [Internet]. 2021 Mar 6 
[cited 2024 Nov 28];11(3):453. Available from: https://www.mdpi.com/2075-4418/11/3/453 

[7] Yoshizawa JM, Schafer CA, Schafer JJ, Farrell JJ, Paster BJ, Wong DTW. Salivary biomarkers: 
toward future clinical and diagnostic utilities. Clin Microbiol Rev. 2013 Oct;26(4):781–91.  

[8] Satish B, Kumar P, Avanti SM, Singh S. Salivary Amylase as Potential Biochemical Marker in 
Diabetes Mellitus. Int J Recent Surg Med Sci [Internet]. -- [cited 2024 Dec 1];2(1):19–22. Available 
from: https://ijrsms.com/salivary-amylase-as-potential-biochemical-marker-in-diabetes-
mellitus/ 

[9] Patel BJ, Dave B, Dave D, Karmakar P, Shah M, Sarvaiya B. Comparison and Correlation of 
Glucose Levels in Serum and Saliva of Both Diabetic and Non-diabetic Patients. J Int Oral Health 
[Internet]. 2015 Aug [cited 2024 Dec 1];7(8):70–6. Available from: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4588794/ 

[10] Rao PV, Laurie A, Bean ES, Roberts CT, Nagalla SR. Salivary Protein Glycosylation as a 
Noninvasive Biomarker for Assessment of Glycemia. J Diabetes Sci Technol [Internet]. 2015 Jan 1 
[cited 2024 Jun 2];9(1):97–104. Available from: 
http://journals.sagepub.com/doi/10.1177/1932296814554414 

[11] Ali N, Nater UM. Salivary Alpha-Amylase as a Biomarker of Stress in Behavioral Medicine. IntJ 
Behav Med [Internet]. 2020 Jun [cited 2024 Jun 2];27(3):337–42. Available from: 
https://link.springer.com/10.1007/s12529-019-09843-x 

[12] Chojnowska S, Ptaszyńska-Sarosiek I, Kępka A, Knaś M, Waszkiewicz N. Salivary Biomarkers of 
Stress, Anxiety and Depression. JCM [Internet]. 2021 Feb 1 [cited 2024 Jun 2];10(3):517. Available 
from: https://www.mdpi.com/2077-0383/10/3/517 

[13] Abd-Elraheem SE, El Saeed AM, Mansour HH. Salivary changes in type 2 diabetic patients. 
Diabetes & Metabolic Syndrome: Clinical Research & Reviews [Internet]. 2017 Dec [cited 2024 
May 12];11:S637–41. Available from: 
https://linkinghub.elsevier.com/retrieve/pii/S1871402117300978 

[14] Lima-Aragão MVV, De Oliveira-Junior JDJ, Maciel MCG, Silva LA, Do Nascimento FRF, Guerra 
RNM. Salivary profile in diabetic patients: biochemical and immunological evaluation. BMC Res 
Notes [Internet]. 2016 Dec [cited 2024 Jun 2];9(1):103. Available from: 
http://www.biomedcentral.com/1756-0500/9/103 

[15] Naseri R, Mozaffari H, Ramezani M, Sadeghi M. Effect of diabetes mellitus type 2 on salivary 
glucose, immunoglobulin A, total protein, and amylase levels in adults: A systematic review and 
meta-analysis of case–control studies. J Res Med Sci [Internet]. 2018 [cited 2024 May 12];23(1):89. 
Available from: https://journals.lww.com/10.4103/jrms.JRMS_135_18 

[16] Sardari F, Tahmasbi A, Ghanbarzadegan A. Salivary IgA concentration in diabetic patients 
compared to healthy controls. Dental Hypotheses [Internet]. 2015 Jun [cited 2024 Jun 2];6(2):60. 
Available from: 
https://journals.lww.com/dhyp/fulltext/2015/06020/salivary_iga_concentration_in_diabetic_
patients.6.aspx 

[17] Panchbhai AS. Correlation of Salivary Glucose Level with Blood Glucose Level in Diabetes 
Mellitus. JOMR [Internet]. 2012 Jul 4 [cited 2024 Jun 2];3(3). Available from: 
http://www.ejomr.org/JOMR/archives/2012/3/e3/v3n3e3ht.htm 

[18] J C, Bb P, Hassan S. ‘“Assessment of Salivary Alpha Amylase level in subjects with Diabetes 
mellitus -A Cross Sectional Study.”’ IP Annals of Prosthodontics and Restorative Dentistry 
[Internet]. [cited 2024 Jun 2];2(3):79–82. Available from: https://www.aprd.in/article-
details/2824 



Medicine in Evolution Volume XXX, No. 4, 2024 

 
708 

[19] Martínez PMS. LA SALIVA COMO FLUIDO DIAGNÓSTICO.  
[20] Lalla E, Papapanou PN. Diabetes mellitus and periodontitis: a tale of two common interrelated 

diseases. Nat Rev Endocrinol. 2011 Jun 28;7(12):738–48.  
[21] Preshaw PM, Alba AL, Herrera D, Jepsen S, Konstantinidis A, Makrilakis K, et al. Periodontitis 

and diabetes: a two-way relationship. Diabetologia. 2012 Jan;55(1):21–31.  
[22] Magliano DJ, Islam RM, Barr ELM, Gregg EW, Pavkov ME, Harding JL, et al. Trends in incidence 

of total or type 2 diabetes: systematic review. BMJ [Internet]. 2019 Sep 11 [cited 2024 Dec 
1];366:l5003. Available from: https://www.bmj.com/content/366/bmj.l5003 

[23] Mooradian AD. Dyslipidemia in type 2 diabetes mellitus. Nat Clin Pract Endocrinol Metab. 2009 
Mar;5(3):150–9.  

[24] Sherwani SI, Khan HA, Ekhzaimy A, Masood A, Sakharkar MK. Significance of HbA1c Test in 
Diagnosis and Prognosis of Diabetic Patients. Biomark Insights. 2016;11:95–104.  

[25] Nassar M, Hiraishi N, Islam MdS, Otsuki M, Tagami J. Age-related changes in salivary 
biomarkers. Journal of Dental Sciences [Internet]. 2014 Mar [cited 2024 Jun 2];9(1):85–90. 
Available from: https://linkinghub.elsevier.com/retrieve/pii/S1991790213001724 

[26] Herman WH, Taylor GW, Jacobson JJ, Burke R, Brown MB. Screening for prediabetes and type 2 
diabetes in dental offices. J Public Health Dent [Internet]. 2015 Aug [cited 2024 Jun 2];75(3):175–
82. Available from: https://onlinelibrary.wiley.com/doi/10.1111/jphd.12082 

[27] Mazzini Torres F, Ubilla Mazzini W, Moreira Campuzano T, Mazzini Torres F, Ubilla Mazzini 
W, Moreira Campuzano T. Predisposing factors affecting oral health in diabetes mellitus 
patients. Revista odontológica mexicana [Internet]. 2017 Jun [cited 2024 Jun 2];21(2):103–8. 
Available from: http://www.scielo.org.mx/scielo.php?script=sci_abstract&pid=S1870-
199X2017000200103&lng=es&nrm=iso&tlng=en 

[28] Bossart M, Calley K, Gurenlian J, Mason B, Ferguson R, Peterson T. A pilot study of an HbA1c 
chairside screening protocol for diabetes in patients with chronic periodontitis: the dental 
hygienist’s role. Int J Dental Hygiene [Internet]. 2016 May [cited 2024 Jun 2];14(2):98–107. 
Available from: https://onlinelibrary.wiley.com/doi/10.1111/idh.12140 

[29] Shang YF, Shen YY, Zhang MC, Lv MC, Wang TY, Chen XQ, et al. Progress in salivary glands: 
Endocrine glands with immune functions. Front Endocrinol [Internet]. 2023 Feb 3 [cited 2024 Dec 
1];14. Available from: 
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2023.1061235/ful
l 


