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ABSTRACT 
Background: Diabetes mellitus (DM) and cardiovascular disease (CVD) are among the leading causes of morbidity and 
mortality worldwide. Early detection and continuous monitoring are essential to reduce long-term complications. Saliva has 
emerged as a non-invasive biofluid that reflects systemic alterations, offering potential as a diagnostic tool. 
Objective: This study aimed to evaluate the anatomical and clinical utility of salivary biomarkers in the early detection and 
monitoring of diabetes mellitus and cardiovascular disease. 
Methods: A cross-sectional study was conducted at Dow University Hospital (DUH), Karachi, Pakistan, from June 2022 to June 
2023. A total of 100 participants were enrolled, including 40 patients with type 2 diabetes mellitus, 40 patients with 
cardiovascular disease, and 20 healthy controls. Unstimulated saliva samples were collected and analyzed for glucose, 
amylase, inflammatory cytokines (IL-6, TNF-α, CRP), oxidative stress markers (MDA, 8-OHdG), and cardiac-specific proteins 
(troponin I, BNP). Data were analyzed using ANOVA, Chi-square tests, and Pearson correlation. 
Results: Salivary glucose was significantly elevated in diabetics compared to cardiovascular patients and controls (p < 0.001). 
Amylase activity was reduced in diabetes, while inflammatory cytokines and oxidative stress markers were raised in both 
disease groups (p < 0.001). Cardiovascular patients exhibited markedly higher salivary troponin I and BNP compared to other 
groups (p < 0.001). Correlation analysis showed strong associations between salivary and serum biomarkers, including glucose 
with fasting blood glucose (r = 0.76, p < 0.001), HbA1c (r = 0.71, p < 0.001), and troponin I with serum troponin (r = 0.82, p < 
0.001). 
Conclusion: Saliva demonstrates strong potential as a non-invasive diagnostic medium for diabetes and cardiovascular 
disease. Elevated salivary glucose, inflammatory mediators, oxidative stress markers, and cardiac proteins closely reflect 
systemic disease states. With further validation, salivary diagnostics could complement conventional blood-based investigations 
and facilitate early detection and longitudinal monitoring in both clinical and community settings. 
Keywords: saliva, biomarkers, diabetes mellitus, cardiovascular disease, non-invasive diagnostics, oxidative stress, 
inflammation 

 

INTRODUCTION 
Diabetes mellitus (DM) and cardiovascular disease (CVD) are 
among the most prevalent chronic diseases worldwide, 
representing leading causes of morbidity, disability, and mortality. 
According to the International Diabetes Federation, more than 530 
million adults globally are currently living with diabetes, a number 
expected to rise substantially in the coming decade

1
. Likewise, 

cardiovascular disease remains the single largest contributor to 
global mortality, responsible for nearly 18 million deaths annually. 
The coexistence of these conditions is common, as diabetes 
significantly accelerates the development of atherosclerosis, 
hypertension, myocardial infarction, and heart failure. Early 
diagnosis and continuous monitoring of these disorders are 
therefore critical for reducing long-term complications and 
healthcare burden

2
. 

 Traditionally, the diagnosis and monitoring of DM and CVD 
rely on invasive procedures such as venipuncture-based blood 
glucose estimation, lipid profiling, glycated hemoglobin (HbA1c), 
cardiac troponins, and C-reactive protein (CRP). While accurate, 
these methods are invasive, costly, time-consuming, and not 
suitable for frequent monitoring in resource-limited or community-
based settings. There is a growing need for alternative, patient-
friendly diagnostic approaches that are accurate, reproducible, and 
non-invasive

3,4
. 

 Saliva has emerged as a promising diagnostic biofluid 
that can potentially bridge this gap. Often referred to as the “mirror 
of systemic health,” saliva is easily accessible and can be collected 
non-invasively without specialized training. Anatomically, the 
salivary glands parotid, submandibular, sublingual, and minor  
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accessory glands are highly vascularized, allowing systemic 
metabolites, hormones, proteins, and nucleic acids to diffuse or be 
actively transported into saliva. Consequently, pathological 
changes in the blood are reflected in saliva, making it an ideal fluid 
for disease detection and monitoring

5,6
. 

 Several salivary biomarkers have been explored in the 
context of DM and CVD. In diabetes, salivary glucose, amylase 
activity, advanced glycation end-products, oxidative stress 
indicators, and inflammatory cytokines (such as IL-6 and TNF-α) 
show strong correlations with serum levels and disease severity. In 
cardiovascular disease, salivary detection of cardiac troponins, 
brain natriuretic peptide (BNP), CRP, and markers of endothelial 
dysfunction has been reported with encouraging diagnostic 
accuracy. The integration of salivary diagnostics into clinical 
practice could therefore provide a non-invasive tool for screening, 
early detection, monitoring treatment response, and predicting 
complications in both diabetes and cardiovascular disease

7,8
. 

 Despite this potential, the clinical translation of salivary 
biomarkers faces challenges, including variability in biomarker 
concentration, influence of oral health and microbiota, lack of 
standardization, and limited large-scale validation. Nonetheless, 
advances in biosensor technology, nanodiagnostics, and lab-on-
chip devices are rapidly overcoming these barriers, bringing saliva-
based diagnostics closer to routine clinical application

10
. 

 This study aims to critically examine the anatomical basis 
and clinical utility of salivary biomarkers in the early detection and 
monitoring of diabetes and cardiovascular disease. By integrating 
current evidence, it highlights the potential advantages, limitations, 
and future perspectives of saliva as a diagnostic medium in 
systemic health management

11
. 
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MATERIALS AND METHODS 
Study Design and Setting: This was a cross-sectional 
observational study conducted at Dow University Hospital (DUH), 
Karachi, Pakistan. The research was carried out over a one-year 
duration, from June 2022 to June 2023, with the aim of evaluating 
the anatomical and clinical utility of salivary biomarkers for the 
early detection and monitoring of diabetes mellitus and 
cardiovascular disease. 
Study Population: A total of 100 participants were enrolled in the 
study. The study population was stratified into three groups: 
patients with type 2 diabetes mellitus, patients with clinically 
diagnosed cardiovascular disease, and apparently healthy controls 
without any systemic illness. The inclusion of both disease groups 
alongside healthy volunteers allowed comparison of salivary 
biomarker levels across different clinical conditions. 
Eligibility Criteria: Participants aged between 30 and 70 years 
were considered eligible. Patients with type 2 diabetes mellitus 
were included based on diagnostic criteria established by the 
American Diabetes Association, while patients with cardiovascular 
disease were included if they had a confirmed history of ischemic 
heart disease, myocardial infarction, or chronic heart failure. 
Exclusion criteria comprised patients with systemic autoimmune, 
renal, or hepatic diseases, those with ongoing oral infections, 
periodontal disease, or salivary gland dysfunction, and individuals 
receiving long-term corticosteroid or immunosuppressive therapy. 
These criteria ensured that confounding factors which could alter 
salivary composition were minimized. 
Ethical Considerations: The study protocol received approval 
from the Institutional Review Board of Dow University of Health 
Sciences. Written informed consent was obtained from each 
participant prior to enrolment, and the study was conducted in 
accordance with the ethical principles of the Declaration of 
Helsinki. 
Data Collection: Demographic information and clinical history, 
including age, sex, body mass index, duration of illness, and 
relevant medical comorbidities, were recorded using a structured 
questionnaire. Vital parameters such as blood pressure and 
random blood sugar were also measured at the time of sample 
collection. This information was used to establish baseline 
characteristics of the study population. 
Saliva Collection and Processing: Unstimulated whole saliva 
was collected in the morning between 9:00 AM and 11:00 AM in 
order to minimize diurnal variations. Participants were instructed to 
refrain from eating, drinking, smoking, or performing oral hygiene 
activities for at least ninety minutes prior to sample collection. The 
saliva was obtained by the passive drooling method into sterile 
containers. Each sample measured approximately two to three 
milliliters and was immediately placed on ice before being 
transported to the hospital’s biochemistry laboratory. Samples were 
centrifuged at 3000 rpm for ten minutes to remove debris and 
cellular material. The clear supernatant was separated into aliquots 
and stored at –80°C until analysis. 
Biomarker Assessment: Biochemical analysis was performed to 
evaluate a panel of salivary biomarkers relevant to diabetes and 
cardiovascular disease. Salivary glucose was quantified using the 
enzymatic glucose oxidase–peroxidase method, while salivary 
amylase activity was assessed using a spectrophotometric starch-
based assay. Inflammatory cytokines including interleukin-6 (IL-6), 
tumor necrosis factor-alpha (TNF-α), and C-reactive protein (CRP) 
were measured using enzyme-linked immunosorbent assay 
(ELISA) kits. Oxidative stress was assessed by estimating 
malondialdehyde (MDA) levels through the thiobarbituric acid 
reactive substances (TBARS) assay, and 8-hydroxy-2′-
deoxyguanosine (8-OHdG) by ELISA. For cardiovascular disease 
evaluation, salivary troponin I and brain natriuretic peptide (BNP) 
were analyzed using commercially available ELISA kits. All assays 
were performed in duplicate to ensure reliability, and standard 
quality control protocols were followed according to manufacturer 
instructions. 

Statistical Analysis: Data were analyzed using SPSS version 
26.0 (IBM Corp., Armonk, NY, USA). Continuous variables were 
presented as mean ± standard deviation, whereas categorical data 
were expressed as frequencies and percentages. Group 
comparisons for continuous variables were performed using one-
way analysis of variance (ANOVA) followed by post-hoc Tukey 
testing. Associations between categorical variables were examined 
using the Chi-square test. Correlation between salivary biomarkers 
and standard clinical measures, such as fasting blood glucose, 
glycated hemoglobin, and lipid profiles, was assessed using 
Pearson’s correlation coefficient. A p-value less than 0.05 was 
considered statistically significant. 
 

RESULTS 
Baseline Characteristics: A total of 100 participants were 
enrolled in the study, divided into three groups: 40 patients with 
type 2 diabetes mellitus (Group A), 40 patients with cardiovascular 
disease (Group B), and 20 apparently healthy controls (Group C). 
The mean age of the study population was 52.6 ± 9.8 years, with 
no statistically significant difference between the groups (p = 
0.112). The overall male-to-female ratio was 1.4:1. Males were 
predominant in the cardiovascular group (67.5%), whereas the 
control group showed an equal distribution of both genders. Mean 
body mass index (BMI) was significantly higher in diabetic patients 
compared to controls (p = 0.032). Hypertension and dyslipidemia 
were also more frequent among both diabetes and cardiovascular 
groups relative to controls (p < 0.001). These findings are 
summarized in Table 1. 
 
Table 1. Baseline characteristics of study participants 

Variable Group A 
(Diabetes) 
n=40 

Group B 
(CVD) 
n=40 

Group C 
(Controls) 
n=20 

p-value 

Age (years, mean 
± SD) 

53.4 ± 8.7 54.9 ± 
10.2 

49.8 ± 
9.5 

0.112 

Male (%) 22 (55.0) 27 (67.5) 10 (50.0) 0.241 

Female (%) 18 (45.0) 13 (32.5) 10 (50.0) 0.241 

BMI (kg/m²) 28.9 ± 3.5 27.5 ± 3.2 25.2 ± 
2.8 

0.032* 

Hypertension (%) 24 (60.0) 30 (75.0) 2 (10.0) <0.001* 

Dyslipidemia (%) 21 (52.5) 26 (65.0) 1 (5.0) <0.001* 

*Significant at p < 0.05. 
 
Salivary Biomarker Levels: Salivary glucose was significantly 
higher in diabetic patients (7.8 ± 1.4 mg/dL) compared to 
cardiovascular patients (5.9 ± 1.2 mg/dL) and healthy controls (4.2 
± 0.8 mg/dL; p < 0.001). Salivary amylase activity was lowest in 
diabetes (38.6 ± 9.2 U/mL) and highest in controls (47.3 ± 7.9 
U/mL), showing significant reduction with hyperglycemia (p = 
0.041). 
 Markers of inflammation, including IL-6, TNF-α, and CRP, 
were significantly elevated in both diabetes and cardiovascular 
groups compared to controls (p < 0.001 for all). Similarly, oxidative 
stress markers (MDA and 8-OHdG) were significantly increased in 
both disease groups. 
 
Table 2. Comparison of salivary biomarker levels among study groups 

Biomarker Group A 
(Diabetes) 

Group B 
(CVD) 

Group C 
(Controls) 

p-value 

Glucose (mg/dL) 7.8 ± 1.4 5.9 ± 1.2 4.2 ± 0.8 <0.001* 

Amylase (U/mL) 38.6 ± 9.2 41.1 ± 8.7 47.3 ± 7.9 0.041* 

IL-6 (pg/mL) 21.4 ± 6.8 23.1 ± 7.2 8.9 ± 3.4 <0.001* 

TNF-α (pg/mL) 17.3 ± 5.1 19.2 ± 5.7 6.8 ± 2.9 <0.001* 

CRP (mg/L) 5.6 ± 1.9 6.8 ± 2.2 2.1 ± 1.0 <0.001* 

MDA (µmol/L) 4.2 ± 1.1 4.6 ± 1.3 2.5 ± 0.7 <0.001* 

8-OHdG 
(ng/mL) 

12.8 ± 3.5 14.1 ± 3.9 6.4 ± 2.1 <0.001* 

Troponin I 
(ng/mL) 

0.03 ± 
0.01 

0.17 ± 0.06 0.01 ± 
0.004 

<0.001* 

BNP (pg/mL) 85.3 ± 
24.7 

162.9 ± 42.1 46.8 ± 
12.5 

<0.001* 

*Significant at p < 0.05. 
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 Cardiac-specific biomarkers were particularly elevated in the 
cardiovascular group, where salivary troponin I (0.17 ± 0.06 ng/mL) 
and BNP (162.9 ± 42.1 pg/mL) were markedly higher compared to 
diabetic patients and controls (p < 0.001). The complete 
distribution of salivary biomarkers is presented in Table 2. 
 
Correlation with Clinical Parameters: Correlation analysis 
revealed a strong positive association between salivary glucose 
and fasting blood glucose (r = 0.76, p < 0.001) as well as HbA1c (r 
= 0.71, p < 0.001) in diabetic patients. Salivary IL-6 and CRP 
correlated significantly with serum CRP and dyslipidemia (r values 
ranging from 0.52 to 0.68, p < 0.001). 
 In the cardiovascular group, salivary troponin I showed a 
strong correlation with serum troponin levels (r = 0.82, p < 0.001), 
while salivary BNP correlated moderately with echocardiographic 
evidence of left ventricular dysfunction (r = 0.64, p = 0.009). These 
associations highlight the diagnostic relevance of saliva as a non-
invasive substitute for conventional serum testing (Table 3). 
 
Table 3. Correlation of salivary biomarkers with clinical parameters 

Salivary 
Biomarker 

Clinical Parameter r-value p-value 

Glucose Fasting blood glucose 0.76 <0.001* 

Glucose HbA1c 0.71 <0.001* 

IL-6 Serum CRP 0.55 <0.001* 

CRP Dyslipidemia (lipid profile) 0.52 <0.001* 

Troponin I Serum troponin 0.82 <0.001* 

BNP LV dysfunction (ECHO) 0.64 0.009* 

*Significant at p < 0.05. 
 
 Overall, the results demonstrated that diabetic patients 
exhibited significantly higher salivary glucose, inflammatory 
cytokines, and oxidative stress markers compared to healthy 
individuals. Cardiovascular patients, in contrast, showed markedly 
elevated salivary troponin I and BNP, indicating their potential as 
cardiac-specific diagnostic tools. Correlation analysis confirmed 
that these salivary biomarkers closely reflect serum values and 
clinical status, supporting their role in non-invasive disease 
monitoring. 
 

DISCUSSION 
The present study, conducted at Dow University Hospital with 100 
participants, explored the anatomical and clinical utility of salivary 
biomarkers in the early detection and monitoring of diabetes 
mellitus (DM) and cardiovascular disease (CVD)

9
. Our findings 

demonstrate that salivary biomarkers, including glucose, amylase, 
inflammatory cytokines, oxidative stress markers, and cardiac-
specific proteins, can reflect systemic disease status with 
significant accuracy. These results are in line with emerging global 
evidence that saliva can serve as a “mirror of systemic health” and 
may act as a practical alternative to invasive blood-based 
diagnostics

10
. 

 In this study, salivary glucose levels were significantly 
elevated in diabetic patients compared to cardiovascular patients 
and healthy controls. This aligns with earlier research reporting 
positive correlations between salivary and plasma glucose, 
suggesting that salivary glucose could potentially be used for non-
invasive glycemic monitoring

11
. Reduced salivary amylase activity 

observed among diabetic participants may reflect altered 
autonomic function and glandular changes due to chronic 
hyperglycemia. Additionally, inflammatory cytokines (IL-6, TNF-α, 
CRP) were markedly raised, consistent with the well-established 
role of low-grade chronic inflammation in the pathogenesis of 
insulin resistance and diabetic complications

12
. 

 Oxidative stress markers such as MDA and 8-OHdG were 
also significantly higher in diabetics, which corroborates the 
oxidative stress theory of diabetic microvascular and 
macrovascular complications. Taken together, these findings 
strengthen the clinical relevance of saliva as a diagnostic biofluid in 

diabetes, particularly in populations where frequent venipuncture is 
impractical or costly

13
. 

 Among cardiovascular patients, salivary troponin I and BNP 
were significantly elevated compared to diabetic and control 
groups. Troponin I is a highly specific biomarker of myocardial 
injury, while BNP reflects ventricular wall stress and heart failure 
severity. The strong correlation between salivary and serum 
troponin in this study highlights its potential as a non-invasive 
diagnostic marker for acute coronary syndromes. Similarly, BNP 
demonstrated moderate correlation with echocardiographic 
findings of left ventricular dysfunction, suggesting clinical utility in 
heart failure monitoring. These results echo previous reports that 
salivary biomarkers can provide early indications of ischemic and 
structural cardiac abnormalities

14
. 

 Importantly, our correlation analysis revealed that salivary 
biomarkers closely paralleled standard clinical measures such as 
fasting blood glucose, HbA1c, serum CRP, lipid abnormalities, and 
echocardiographic outcomes. This reinforces the validity of saliva-
based testing and its potential integration into point-of-care 
diagnostics

15,16
. 

 The clinical implications of these findings are substantial. 
Saliva offers a non-invasive, painless, and cost-effective medium 
for disease detection and monitoring. This is particularly valuable 
in resource-limited settings, where laboratory infrastructure may be 
inadequate and patient compliance with repeated blood sampling 
is low. Saliva-based diagnostics could be applied in community 
health programs, screening camps, and even at-home monitoring 
using biosensor devices, ultimately enabling earlier detection and 
improved management of chronic diseases like DM and CVD

17,18
. 

 A major strength of this study is its inclusion of both diabetic 
and cardiovascular patients alongside healthy controls, allowing 
direct comparison of salivary biomarkers across distinct clinical 
groups. Additionally, the simultaneous assessment of multiple 
biomarker classes (metabolic, inflammatory, oxidative, and 
cardiac-specific) provides a comprehensive evaluation of saliva’s 
diagnostic potential

19,20
. 

 However, several limitations must be acknowledged. First, 
the sample size, although sufficient for initial observations, was 
relatively modest and derived from a single tertiary care center, 
which may limit generalizability

21,22
. Second, salivary biomarker 

concentrations can be influenced by oral health status, circadian 
variations, and flow rates, factors that were controlled but not 
completely eliminated. Third, the study design was cross-sectional, 
preventing assessment of biomarker changes over time or in 
response to treatment. Future research with larger, multicenter, 
longitudinal cohorts is warranted to validate these findings and 
establish standardized cut-off values for clinical practice

23-25
. 

 

CONCLUSION 
This study demonstrates that saliva is a valuable biofluid for the 
early detection and monitoring of diabetes mellitus and 
cardiovascular disease. Elevated salivary glucose, inflammatory 
cytokines, and oxidative stress markers correlated strongly with 
diabetic status, while cardiac-specific biomarkers such as troponin 
I and BNP were highly indicative of cardiovascular disease 
severity. The strong correlations with conventional serum 
parameters support the clinical utility of saliva as a non-invasive 
diagnostic tool. 
 With further validation, salivary diagnostics could 
complement or even replace invasive blood-based testing in 
specific contexts, particularly in resource-limited healthcare 
settings. Integrating salivary biomarker analysis with emerging 
biosensor and lab-on-chip technologies holds promise for 
transforming chronic disease management into a more patient-
friendly, accessible, and cost-effective process. 
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