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Abstract 

Introduction: Ischemic stroke leads to hypoxia of brain structures, causes inflammation and tissue 
necrosis. Since the blood-brain barrier is damaged, inflammatory mediators can enter the bloodstream 
and saliva. This case-control study examines pro-inflammatory, anti-inflammatory, Th1, and Th2 
cytokines in the unstimulated saliva of stroke patients and explores the association between these 
biomarkers and clinical status.  
Patients and methods: The study group included 22 patients with ischemic stroke, while the control 
group included 22 healthy individuals that were matched for age, sex, dental, periodontal and oral hygiene 
status to the study group. Unstimulated saliva was collected from each patient. In each sample, the 
inflammatory profile was determined using the multiplex ELISA method. Due to the lack of normal 
distribution, the Mann–Whitney U test was used for comparisons. The research was approved by the 
Bioethics Committee of the Poznan University of Medical Sciences (59/19, 890/19, 504/21). 
Results: In the unstimulated saliva of stroke patients, significantly higher levels of pro-inflammatory 
cytokines (IL-1β (p=0.0003), TNF-α (p≤0.0001), TNF-β; (p≤0.0001)), anti-inflammatory cytokines (IL-1ra 
(p≤0.0001), TRAIL (p=0.0206)), Th1 cytokines (IFN-γ (p≤0.0001), IL-2Rα (p=0.0021) and IL-12 (p40) 
(p≤0.0001)) and Th2 cytokines (IL-6 (p=0.0023)) were found compared to healthy participants. 
Interestingly, Addenbrooke’s Cognitive Examination Revised (ACE-R) correlated negatively with TNF-α 
(p=0.01, r=-0.53), TNF-β (p=0.02, r=-0.60) and IFN-γ (p=0.02, r=-0.50). The Functional Independence 
Measure (FIM) exhibited a positive association with IL-6 (p=0.003, r=0.62) and BI (p=0.001, r=0.66). The 
positive correlation was found between Sitting Balance Scale (SBS) and IL-6 (p=0.02, r=0.52). 
Conclusions: Stroke patients exhibit altered salivary composition characterized by increased secretion 
of inflammatory mediators. The obtained results do not indicate the dominance of any of the branches of 
the immune response. The concentration of salivary TNF-α, TNF-β, IFN-γ and IL-12 significantly 
distinguish patients with ischemic stroke from healthy individuals. Although validation of the results in a 
larger patient population is necessary, salivary cytokines show potential as diagnostic biomarkers. 
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Introduction 
Stroke is a civilization disease that poses a very 

serious social problem. Epidemiological studies 
indicate that stroke is the second leading cause of 
death [1] and the third cause of disability in 
developed and developing countries [2]. Therefore, 
new therapeutic and diagnostic methods are being 
explored to improve outcomes for stroke patients. 

Approximately 87% of strokes result from 
blocked blood supply, leading to ischemic stroke [3]. 
The damage occurs in the part of the brain that is 
supplied by the affected vessel. Reduced blood flow 
deprives neurons of oxygen and nutrients, ultimately 
leading to their necrosis [4]. Ischemia triggers a 
cascade of processes that occur at the cellular level, 
including electrolyte imbalances, acidosis, ATP 
depletion, excessive glutamate release and free radical 
overproduction. As a consequence, apoptosis, 
excitotoxicity, edema and inflammation of the brain 
occur [5]. The primary goal of inflammation is to clear 
dead cells and facilitate synapse regeneration through 
cytokine secretion [6]. However, long-term 
inflammation can cause brain damage, which further 
worsens the effects of stroke [7]. Inflammation is 
induced by the release of high-mobility group box 1 
(HMGB1) proteins from necrotic cells, which bind to 
receptors for advanced glycation end products 
(RAGE) [8, 9]. The HMGB1-RAGE pathway plays an 
important role in local activation of the inflammatory 
response in microglia [9, 10]. The inflammatory 
response is amplified by neutrophils, macrophages, 
and lymphocytes arriving from the systemic 
circulation, as well as dendritic cells accumulating at 
the periphery of the ischemic region [6]. The activity 
of these cells triggers inflammation and endothelial 
cell apoptosis in the brain, increasing blood-brain 
barrier (BBB) permeability [11,12]. Damage to the BBB 
allows inflammatory mediators to move from the 
brain into the bloodstream [13].  

Saliva is a plasma filtrate, and due to the salivary 
glands' rich vascularization, it allows numerous blood 
biomarkers to enter the saliva [14]. The use of this 
diagnostic material offers numerous benefits, such as 
easy and non-invasive sample collection, as well as 
convenient transport and storage [15]. In our previous 
studies, we demonstrated the diagnostic potential of 
salivary tumor necrosis factor α (TNF-α), interleukin 6 
(IL-6), interleukin 10 (IL-10) and xanthine oxidase 
(XO) in the differential diagnosis of stroke patients. 
Salivary TNF-α correlated with cognitive decline and 
the severity of functional impairments [16, 17]. 
However, other inflammatory biomarkers have not 
been assessed in the saliva of stroke patients. It is well 
known that cytokines Th1, Th2, and Th17 play an 

important role in stroke. This study aims to 
characterize the salivary cytokine profile in stroke 
patients and explore the relationship between these 
biomarkers and clinical parameters. 

Patients and Methods 
Ethics Committee  

The research was approved by the Bioethics 
Committee of the Poznan University of Medical 
Sciences (59/19, 890/19, 504/21) confirming the 
principles of the Declaration of Helsinki on human 
experimentations. Each patient signed an informed 
consent form after receiving detailed information 
about the purpose and scope of the study. 

Study Group  
The patients qualified for this study were staying 

at a Neurorehabilitation Ward at the Greater Poland 
Provincial Hospital (Kiekrz, Poland), which provides 
comprehensive rehabilitation assistance for 
individuals with neurological problems. Patients were 
enrolled into the study between August 2021 and May 
2022. 

The inclusion criteria required radiological 
confirmation of ischemic stroke based on the World 
Health Organization (WHO) standards [18-20], the 
first stroke in a patient's life, age over 18 years, ability 
to give informed consent for the study and saliva 
sample collection, and the ability to provide a saliva 
sample. The exclusion criteria included a history of 
second or subsequent stroke, autoimmune (e.g., 
diabetes, Hashimoto’s disease, psoriasis, rheumatoid 
arthritis, systemic sclerosis) or psychiatric diseases 
(e.g., Alzheimer’s disease, Parkinson’s disease), prior 
acute coronary events, thromboembolic events (such 
as limb thrombosis or pulmonary embolism), 
smoking, inability to give informed consent, or to 
provide a saliva sample. A general medical history, 
including information on chronic diseases, smoking, 
education and lifestyle, was collected from each 
patient.  

Participation in the study was voluntary, and 
each patient provided written informed consent. A 
total of 107 stroke patients were initially recruited for 
the study within the first two days of admission to the 
ward (between 10-13 days after stroke). Subsequently, 
13 participants were excluded due to poor general 
condition, 21 declined to participate, and 3 
individuals, despite signing the consent form, 
objected to saliva sample collection. After applying 
the inclusion and exclusion criteria, the number of 
participants was reduced to 44. One person withdrew 
from the study after saliva collection. Eleven 
participants were unable to provide saliva samples, 
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and 7 did not attend the oral examination (Fig 1). 
The clinical characteristics of the participants 

and control group are presented in the supplementary 
material (Table S1). 

Control Group 
The control group included 22 generally healthy 

individuals – volunteers attending dental check-ups 
at the Department of Restorative Dentistry of the 
Medical University of Bialystok (Bialystok, Poland). 
Participants were matched for age, gender, dental 
status, periodontal status, and oral hygiene to 
correspond with the study group. Each participant 
received a health certificate from a doctor before 

joining the study. A medical history was taken from 
each patient, including information on chronic 
diseases, education, smoking and lifestyle. The 
control group members followed a regular, balanced 
diet without any restrictions and received standard 
recommendations regarding physical activity. 
Participants over the age of 18, able to give informed 
consent, as well as collect and provide a saliva sample 
were included in the study. The exclusion criteria 
included: being under 18 years old, smoking, inability 
to provide informed consent, and inability to collect 
and provide a saliva sample. 

 

 
Figure 1. Patient selection flow chart.       
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Saliva Collection 
Patients were enrolled into the study within the 

first 2 days after admission to the ward, between 10 
and 13 days following the stroke incident. Patients 
were informed that they should refrain from eating, 
drinking, oral hygiene procedures, and vigorous 
physical activity for at least 8 hours prior to sample 
collection. Unstimulated saliva collection took place 
in the morning between 8 and 10 a.m., in a quiet and 
isolated room. Prior to saliva collection, patients had 
about 5 minutes to acclimate to the room, then they 
were asked to rinse their mouth twice with distilled 
water at room temperature to minimize sample 
contamination. Unstimulated saliva was collected 
using the spitting method. Patients were instructed to 
lean forward slightly and spit saliva into a test tube. 
Saliva was collected into a sterile calibrated tube, 
which was placed in a cup of ice during the 
procedure. The duration of saliva collection was 10 
minutes. The saliva samples were then centrifuged at 
the specified parameters: at a temperature of +4 °C, 
for 20 minutes, 3000×g (MPW 351, MPW Med. 
Instruments, Warsaw, Poland). The supernatant fluid 
was preserved for analysis and stored at -80°C for no 
longer than 3 months [21, 22]. 

Oral Examination 
An oral examination was performed after the 

saliva samples were collected. Patients were invited to 
a separate room, where according to WHO criteria, an 
artificial light source, a dental mirror, and a probe 
were used. The oral examination was conducted by a 
dentist who sat opposite the patient. A dental chart 
was created for each patient. An assessment was 
made of the number of teeth with caries (DT), those 
with fillings due to caries (FT), and extracted teeth 
due to caries (MT). This information was used to 
calculate the DMFT index (Decay-Missing-Filled 
Teeth index), which is the sum of the above 
components. Oral hygiene was assessed using the 
Plaque Index (PI) and gingival status with the use of 
the Gingival Index (GI).  

PI was calculated based on the following criteria:  
0 – no plaque.  
1 – plaque visible only after probing.  
2 – moderate plaque visible to the naked eye.  
3 – large amount of dental plaque [23].  
GI was assessed based on the scale:  
0 – no gingival inflammation.  
1 – gingival swelling and redness.  
2 – gingival swelling, redness, and bleeding on 

probing.  
3 – swelling, redness, and spontaneous gingival 

bleeding [23].  

Before the oral examination, calibration and 
training of dentists (D.F. and K.G.) were done by 
another experienced dental specialist (A.Z.). The 
online Cohen Kappa calculator was used to assess 
intra-examiner and inter-examiner agreement. The 
intra‐ and inter‐examiner agreement for PI and GI was 
assessed in 10 subjects (k > 0.91).  

Salivary Inflammatory Profile 
The salivary biomarkers were divided into 5 

groups: 
• Pro-inflammatory cytokines: IL-1α (interleukin 

1 alpha), IL-1β (interleukin 1 beta), IL-7 
(interleukin 7), IL-16 (interleukin 16), IL-18 
(interleukin 18), TNF-α (tumor necrosis factor 
alpha), TNF-β (tumor necrosis factor beta). 

• Anti-inflammatory cytokines: IL-1ra 
(interleukin 1 receptor antagonist), IL-10 
(interleukin 10), IL-13 (interleukin 13), TRAIL 
(tumor necrosis factor-related apoptosis- 
inducing ligand). 

• Th1 cytokines: IFN-α2 (interferon-alpha 2), 
IFN-γ (interferon gamma), IL-2 (interleukin 2), 
IL-2Rα/CD25 (interleukin 2 receptor alpha / 
cluster of differentiation 25), IL-12 (p40): 
(interleukin 12 homodimer), IL-12 (p70): 
(interleukin 12 homodimer), IL-15 (interleukin 
15). 

• Th2 cytokines: IL-4 (interleukin 4), IL-5 
(interleukin 5), IL-6 (interleukin 6), IL-9 
(interleukin 9). 

• Th17 cytokines: IL-17 (interleukin 17). 
The concentration of salivary cytokines was 

measured using the Bio-Plex Pro Human Cytokine 
Assay (Bio-Rad Laboratories, Inc., Hercules, CA, 
USA). Bio-Plex technology uses magnetic beads to 
which antibodies directed against the desired 
biomarkers are attached. Initially, the saliva samples 
come into contact with the magnetic beads to induce a 
reaction of antibodies with the marker of interest. This 
is followed by a series of rinses to remove the 
unbound proteins. Next, a biotinylated detection 
antibody is added, forming a sandwich compound, 
which after the addition of streptavidin- 
phycoerythrin (SA-PE) conjugate, becomes the final 
complex. The results are read using a dedicated plate 
reader kit: the Bio-Plex 200 (Bio-Rad Laboratories, 
Inc., Hercules, CA, USA). The level of salivary 
biomarkers was standardized to the content of total 
protein assessed by the bicinchoninic acid method 
using the Thermo Scientific PIERCE BCA Protein 
Assay kit (Rockford, IL, USA). 
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Functional Status 
The functional status of stroke patients was 

assessed based on: 
• Addenbrooke’s Cognitive Examination 

Revised (ACE-R): It is used to determine the 
cognitive status of patients. Based on the 
assessment of 5 cognitive domains the patients 
can receive a total score of 100 points. Higher 
scores indicate better cognitive abilities [24, 25]. 

• Barthel Index (BI) of ADL (activities of daily 
living): Evaluates patients' ability to perform 
basic daily activities independently. This scale 
contains 10 items with different weights 
measuring the ability to perform daily activities. 
The maximum score of 20 points indicates 
complete independence [26]. 

• Functional Independence Measure (FIM): 
Assesses the amount of assistance a patient 
needs to perform basic daily activities. The scale 
includes 18 activities divided into motor and 
cognitive subgroups. Each activity is rated on a 
scale of 1 to 7 points. The results show the degree 
of dependence of patients in performing tasks, 
with 120-126 points indicating complete 
independence [27]. 

Sitting Balance Scale (SBS): Evaluates postural 
balance while sitting. The assessment of balance is 
performed in 11 situations, each scored from 0 to 4, 
with higher scores indicating better balance [28].  

Statistical Analysis 
Statistical analysis was performed using 

GraphPad Prism 10 (GraphPad Software, La Jolla, CA, 
USA) and Past 4.13 (Øyvind Hammer). The 
Kolmogorov–Smirnov test was used to check the 
distribution of results. Due to the lack of normal 
distribution, the Mann–Whitney U test was used for 
comparisons between two groups. The Spearman 
rank-order correlation coefficient (Spearman's 
correlation) was used to check the correlation between 
salivary markers and clinical data. Receiver Operating 
Characteristic (ROC) analysis was used to assess the 
diagnostic utility of salivary cytokines. AUC (area 
under the curve) and optimal cut-off values were 
determined for each parameter, ensuring high 
sensitivity and specificity. The assumed statistical 
significance was p < 0.05. The size of the study and 
control groups was determined based on the results of 
salivary IL-1β and IFN-γ from a pilot study. The 
ClinCalc online calculator was used, with the power 
of the statistical test set at 0.8 (α = 0.05). The minimum 

number of subjects in each group 
was 18. 

Results 
Pro-inflammatory cytokines 

Pro-inflammatory cytokines 
trigger brain inflammation [29], 
influencing the severity of stroke 
and leading to worse mental and 
physical functioning in stroke 
patients [30]. Statistically higher 
levels of IL-1β, TNF-α and TNF-β 
were observed in the unstimulated 
saliva of the study group compared 
to the control group (p=0.0003; p ≤ 
0.0001; p ≤ 0.0001, respectively). A 
significantly lower level of IL-1α 
was observed in the unstimulated 
saliva of the study group compared 
to the control group (p = 0.0024). 
No statistically significant 
differences were found between the 
study and control groups for IL-16 
(p = 0.51) and IL-18 (p = 0.7361) 
(Figure 2). 

The concentration of IL-7 in 
unstimulated saliva was below the 
level of detection. 

 

 
Figure 2. Content of proinflammatory cytokines in non-stimulated saliva of stroke patients 
compared to healthy controls. IL-1α: interleukin 1alpha; IL-1β: interleukin 1beta; IL-16: interleukin 16; IL-18: 
interleukin 18; TNF-α: tumor necrosis factor alpha; TNF-β: tumor necrosis factor beta; **—p < 0.01; ***—p < 
0.001; ****—p < 0.0001. 
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Figure 3. Content of anti-inflammatory cytokines in non-stimulated saliva 
of stroke patients compared to healthy controls. IL-1ra: interleukin 1 
receptor antagonist; TRAIL: tumor necrosis factor-related apoptosis-inducing ligand; 
*—p < 0.05; ****—p < 0.0001. 

 
 

Anti-inflammatory Cytokines 
The expression of anti-inflammatory cytokines is 

driven by their role in modulating the immune 
response, either through cytokine receptors or by 
involving inhibitors that regulate inflammation [31]. 
Anti-inflammatory therapies help reduce brain 
damage resulting from ischemia [32]. Significantly 
higher levels of IL-1ra and TRAIL were noted in the 
unstimulated saliva of patients in the study group 
compared to the control group (p ≤ 0.0001; p = 0.0206; 
respectively) (Figure 3). 

The concentrations of IL-10 and IL-13 in saliva 
were below the level of detection. 

Th1 Cytokines 
Th1 cells are associated with the secretion of 

pro-inflammatory Th1 cytokines such as IFN-γ, 
IL-2Rα/CD25, and IL-12 [33]. Th1 lymphocytes 
participate in the cellular immune response [34]. 
Statistically higher levels of IFN-γ, IL-2Rα/CD25 and 
IL-12 (p40) were noted in the unstimulated saliva of 
patients in the study group compared to the control 
group (p ≤ 0.0001; p=0.0021; p ≤ 0.0001, respectively) 
(Figure 4). 

The concentrations of IFN-α2, IL-2, IL-12 (p70), 
and IL-15 were below the level of detection. 

Th2 Cytokines 
Th2 cells are responsible for the secretion of Th2 

cytokines such as IL-4, IL-6, and IL-9 [35]. Th2 
lymphocytes are associated with the humoral immune 
response [34]. Significantly higher levels of IL-6 were 
noted in the unstimulated saliva of patients in the 
study group compared to the control group (p = 
0.0023). Significantly lower levels of IL-4 and IL-9 
were also noted in the unstimulated saliva of patients 
in the study group compared to the control group (p = 
0.0059; p = 0.0059, respectively) (Figure 5). 

The concentration of IL-5 in unstimulated saliva 
was undetectable. 

Th17 Cytokines 
Th17 cells are associated with autoimmune 

diseases [36], and during a stroke, they have the 
ability to secrete pro-inflammatory Th17 cytokines 
that exacerbate neuroinflammation [33]. 

No statistically significant differences were 
found between the study group and the control group 
regarding salivary IL-17 levels (p = 0.4219) (Figure 6). 

 

 
Figure 4. Content of Th1 cytokines in non-stimulated saliva of stroke patients compared to healthy controls. IFN-γ: interferon gamma; IL-2Rα/CD25: interleukin 
2 receptor alpha/cluster of differentiation 25; IL-12 (p40): interleukin 12 homodimer; **—p < 0.01; ****—p < 0.0001. 
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Figure 5. Content of Th2 cytokines in non-stimulated saliva of stroke patients compared to healthy controls. IL-4: interleukin 4; IL-6: interleukin 6; IL-9: interleukin 9; **—p < 
0.01. 

 

 
Figure 6. Content of Th17 cytokines in non-stimulated saliva of stroke patients 
compared to healthy controls. IL-17: interleukin 17. 

 

Correlations 
Correlations between the parameters are 

presented in Figure 7. 
Salivary IL-1α correlated positively with IL1β (p 

= 0.001, r = 0.66) and TRAIL (p = 0.004, r = 0.61). We 
observed positive correlations between IL-1β and 
IL-16 (p = 0.001, r = 0.66). IL-16 correlated positively 
with IL-18 (p = 0.001, r = 0.68) and IL-6 (p = 0.002, r = 
0.64). Positive correlation was also noted between 
TNF-α and IL-9 (p = 0.001, r = 0.67). TNF-β correlated 
positively with IFN-γ (p = 0.005, r = 0.61), IL-12 (p = 
0.002, r = 0.67), IL-9 (p = 0.001, r = 0.71) and IL-17 (p = 
0.001, r = 0.7). Moreover, TRAIL was positively 
associated with IL-6 (p = 0.002, r = 0.66), whereas the 
positive association was observed between IFN-γ and 
IL-17 (p = 0.003; r = 0.61). We observed positive 
correlation between IL-2Rα and IL-12 (p = 0.001; r = 
0.68). IL-17 presented a positive correlation with IL-4 
(p = 0.001, r = 0.68) and IL-9 (p = 0.002; r = 0.66). 

IL-1α presented a correlation with IL-18 (p = 

0.01, r = 0.55), TNF-α (p = 0.04, r = 0.46), IL-1ra (p = 
0.04, r = 0.47), IFN-γ (p = 0.03, r = 0.48), IL-6 (p = 0.01, r 
= 0.55) and IL-17 (p = 0.03; r = 0.47). IL-1β presented 
an association with IL-18 (p = 0.01, r = 0.56) and IFN-γ 
(p = 0.03, r = 0.48). IL-16 presented a correlation with 
TNF-α (p = 0.01, r = 0.57), IL-1ra (p = 0.04, r = 0.45) 
and IL-17 (p = 0.03, r = 0.46). IL-18 correlated with 
TNF-α (p = 0.03, r = 0.47), IL-1ra (p = 0.01, r = 0.55), 
IFN-γ (p = 0.01, r = 0.57), IL-6 (p = 0.01, r = 0.58) and 
IL-17 (p = 0.01, r = 0.52). TNF-α correlated with IL-1ra 
(p = 0.01, r = 0.59), IFN-γ (p = 0.02, r = 0.49), IL-12 (p = 
0.01, r = 0.54) and IL-6 (p = 0.01, r = 0.57). TNF-β was 
associated with IL-4 (p = 0.01; r = 0.58) and IL-6 (p = 
0.01, r = 0.57). IL-1ra presented a correlation with 
TRAIL (p = 0.02, r = 0.51) and IL-9 (p = 0.01, r = 0.56). 
Moreover, TRAIL was associated with IL-4 (p = 0.047, 
r = 0.45) and IL-17 (p = 0.01, r = 0.55). IFN-γ presented 
an association with IL-12 (p = 0.04, r = 0.47), IL-4 (p = 
0.01, r = 0.58) and IL-9 (p = 0.03, r = 0.495). There was a 
correlation between IL-2Rα and IL-4 (p = 0.02, r = 
0.51). The correlation was also noted between IL-6 and 
IL-17 (p = 0.02, r = 0.50). 

We found a negative correlation between ACE-R 
and salivary TNF-α (p = 0.01, r = -0.53), TNF-β (p = 
0.02, r = -0.60) and IFN-γ (p = 0.02, r = -0.50). On the 
other hand, FIM presented a positive association with 
IL-6 (p = 0.003, r = 0.62) and BI (p = 0.001, r = 0.66). 
The positive correlation was also noted between SBS 
and IL-6 (p = 0.02, r = 0.52). PI correlated positively 
with IL-1α (p = 0.02, r = 0.61), TNF-α (p = 0.03, r = 
0.58), TNF-β (p = 0.03, r = 0.6), IL-6 (p = 0.04, r = 0.57) 
and ACE-R (p = 0.03, r = -0.57). Interestingly, GI 
correlated positively only with PI (p = 0.01, r = 0.67). 

A significant correlation was noted between 
ACE-R and IL-18 (p = 0.04; r = -0.43), IL-1ra (p = 0.03, r 
= -0.47) and IL-6 (p = 0.001, r = -0.25). Furthermore, 
FIM was associated with TNF-β (p = 0.027, r = 0.51), 
IL-12 (p = 0.03, r = 0.48) and IL-17 (p = 0.048, r = 0.43). 
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Figure 7. Correlations between the studied parameters. ACE-R: Addenbrooke’s Cognitive Examination Revised; BI: Barthel Index; DMFT: The Decayed, Missing and 
Filled Teeth; GI: Gingival Index; FIM: The Functional Independence Measure;  IL-1α: interleukin 1alpha; IL-1β: interleukin 1beta; IL-1ra: interleukin 1 receptor antagonist; 
IL-2Rα/CD25: interleukin 2 receptor alpha/cluster of differentiation 25; IL-4: interleukin 4; IL-6: interleukin 6; IL-9: interleukin 9; IL-12 (p40): interleukin 12 homodimer; IL-16: 
interleukin 16; IL-17: interleukin 17; IL-18: interleukin 18;  IFN-γ: interferon gamma; PI: Plaque Index; SBS: Sitting Balance Scale; TNF-α: tumor necrosis factor alpha; TNF-β: tumor 
necrosis factor beta;  TRAIL: tumor necrosis factor-related apoptosis-inducing ligand. 

 

ROC Analysis 
In our study, the salivary cytokine levels 

significantly distinguish ischemic stroke patients from 
healthy individuals. Among the analyzed markers, 
salivary TNF-α, TNF-β, IFN-γ, and IL-12 
demonstrated exceptional diagnostic accuracy, 
attaining an AUC of 1 with 100% sensitivity and 
specificity (Table 1). 

Discussion 
In our previous study, we evaluated the 

diagnostic potential of unstimulated and stimulated 
saliva in assessing TNF-α, IL-6 and IL-10 in stroke 

patients [16]. Since unstimulated saliva proved more 
useful, this study focused on a detailed evaluation of 
its inflammatory profile. We found significantly 
higher levels of salivary pro-inflammatory cytokines 
(IL-1β, TNF-α, TNF-β), anti-inflammatory cytokines 
(IL-1ra, TRAIL), Th1 cytokines (IFN-γ and IL-12 
(p40)), and Th2 cytokines (IL-6) in patients with 
ischemic stroke compared to healthy participants. 
However, the levels of IL-1α, IL-4, and IL-9 were 
significantly lower in the saliva of the study group. 
The obtained results do not indicate a dominance of 
any particular branch of the immune response.  

Stroke is one of the leading causes of death 
worldwide. With the rising prevalence of stroke, 
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developing simple and effective diagnostic methods 
to monitor disease progression is essential. Recently, 
saliva has gained increasing attention due to its 
non-invasive nature, safety, and the ability to collect 
multiple samples without requiring specialized 
personnel. The use of stress-free biofluid collection 
minimizes patient discomfort, which is especially 
important for the elderly. Whole saliva is a mixture of 
salivary gland filtrate, gingival fluid, nasal and 
pharyngeal secretions, cells lining the oral cavity, and 
microorganisms [37]. Moreover, due to the abundant 
vascularization of the salivary glands, a significant 
portion of the molecules that are present in blood can 
enter the saliva [38]. Cytokines can move from blood 
to saliva through active transport, ultrafiltration, or 
passive diffusion [39, 40]. Additionally, cytokines can 
enter the saliva through gingival fluid, transudation 
across the oral mucosa, and inflamed areas where 
"leaky patches" develop [41]. The dental examinations 
revealed that stroke patients had poor oral hygiene 
and periodontal health, which could make leaky 
patches a major source of cytokines in saliva. 
Moreover, the levels of salivary cytokines positively 
correlated with dental indices. We found a 
particularly strong relationship between pro- 
inflammatory cytokines (IL-1α, TNF-α, TNF-β, IL-6) 
and the Plaque Index (PI), and between IL-1α and 

TNF-β and the Gingival Index (GI). It is well known 
that dental caries and periodontal diseases 
significantly increase the risk of stroke [42]. The 
presence of even one tooth with caries correlates with 
an increased risk of stroke [43]. Dental infections 
starting within the tooth or in the periodontium can 
spread to nearby bones and soft tissues [44]. 
Periodontal dysbiosis not only triggers a local 
inflammatory response but also stimulates systemic 
inflammation through the dissemination of pathogens 
in the bloodstream [45]. Systemic inflammation, 
molecular mimicry, and bacteremia can lead to 
atherosclerosis and cardiovascular diseases [46-48]. 
Bacteria associated with periodontitis, such as 
Porphyromonas gingivalis and Prevotella intermedia, can 
disrupt the endothelial barrier and thus enter the 
atherosclerotic plaques directly from the bloodstream 
[49]. Therefore, moderate and severe periodontitis 
contribute to the progression of atherosclerosis, which 
in turn promotes the development of stroke [50]. Since 
oral inflammation is the primary source of salivary 
cytokines [51, 52], our study included a control group 
of individuals with comparable oral hygiene and 
periodontal health. This allowed for proper 
comparison of results between the study and control 
groups. 

 

Table 1. Receiver Operating Characteristic (ROC) analysis for salivary cytokines. IL-1alpha: interleukin 1alpha; IL-1beta: 
interleukin 1beta; IL-1ra: interleukin 1 receptor antagonist; IL-2Ralpha/CD25: interleukin 2 receptor alpha/cluster of differentiation 25;  
IL-4: interleukin 4; IL-6: interleukin 6; IL-9: interleukin 9; IL-12 (p40): interleukin 12 homodimer; IL-16: interleukin 16; IL-17: interleukin 17; 
IL-18: interleukin 18; IFN-gamma: interferon gamma; TNF-alpha: Tumor necrosis factor alpha; TNF-beta: Tumor necrosis factor beta;  
TRAIL: Tumor necrosis factor-related apoptosis-inducing ligand. 

Biomarker Area Cut off point Sensitivity % 95% CI Specificity% 95% CI Likelihood ratio 
pro-inflammatory cytokines 
IL-1alpha 0.77 < 0.6638 71.43 50.04 - 86.19% 61.9 40.88 - 79.25% 1.88 
IL-1beta 0.81 > 152.9 81.82 61.48 - 92.69% 81.82 61.48 - 92.69% 4.5 
IL-16 0.5599 < 0.7127 59.09 38.73 - 76.74% 59.09 38.73 - 76.74% 1.444 
IL-18 0.53 < 0.2655 63.64 42.95 - 80.27% 45.45 26.92 - 65.34% 1.17 
TNF-alpha 1 > 21.18 100 83.18 - 100.0% 95.45 78.20 - 99.77% 22 
TNF-beta 1 > 21.18 100 83.18 - 100.0% 95.45 78.20 - 99.77% 22 
anti-inflammatory cytokines 
IL-1ra 0.94 > 6.535 95.24 77.33 - 99.76% 72.73 51.85 - 86.85% 3.49 
TRAIL 0.71 > 0.5253 66.67 45.37 -  82.81% 59.09 38.73 - 76.74% 1.63 
Th1 cytokines 
IFN-gamma 1 > 81.51 100 84.54 - 100.0% 95.45 78.20 - 99.77% 22 
IL-2Ralpha 0.77 > 51.58 77.27 56.56 - 89.88% 77.27 56.56 - 89.88% 3.4 
IL-12 (p40) 1 > 33.27 100 84.54 - 100.0% 95.45 78.20 - 99.77% 22 
Th2 cytokines 
IL-4 0.74 < 10.19 76.19 54.91 - 89.37% 59.09 38.73 - 76.74% 1.86 
IL-6 0.77 > 64.56 85.71 65.36 - 95.02% 68.18 47.32 - 83.64% 2.69 
IL-9 0.75 < 29.90 70 48.10 - 85.45% 63.64 42.95 - 80.27% 1.93 
Th17 cytokines 
IL-17 0.57 > 32.60 59.09 38.73 - 76.74% 54.55 34.66 - 73.08% 1.3 
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Inflammation resulting from a stroke is 
associated with secondary damage to brain tissues. 
During a stroke, the balance between pro- 
inflammatory and anti-inflammatory molecules is 
disturbed [29]. TNF-α, as one of the main 
pro-inflammatory cytokines, plays a significant role in 
enhancing the inflammatory response by regulating 
the expression of adhesion molecules and inducing 
the synthesis of free radicals [53]. In our study, the 
content of salivary TNF-α was significantly higher in 
stroke patients and correlated with cognitive 
impairment on the ACE-R scale. The ACE-R scale is 
used for initial differential diagnosis of dementia 
syndromes and for monitoring of disease progression. 
This scale assesses attention, orientation, memory, 
verbal fluency, language and visuospatial functions. It 
has been shown that ACE-R can be used for early 
assessment of patients with cerebrovascular changes 
[54]. We observed similar correlations in the ACE-R 
scale for TNF-β and IL-6. TNF-β activates signaling 
pathways associated with the transcription factor 
NF-κB (nuclear factor kappa-light-chain-enhancer of 
activated B cells) and MAPK (mitogen-activated 
protein kinase), thereby stimulating inflammation 
and cell death leading to cognitive impairment [55, 
56]. IL-6 increases prothrombotic activity and 
activates endothelial cells [57]. During the 
inflammatory process, IL-6 activates signaling 
pathways responsible for oxidative stress, 
proliferation, and lymphocyte differentiation [53]. 
However, IL-6 may have dual effects in brain tissue - 
in the early stage of stroke it shows pro-inflammatory 
activity, while in later stages, it has a potentially 
neurotrophic effect [4]. The protective effect of IL-6 
may be indicated by the positive correlation of 
salivary IL-6 with the functional status of patients on 
the FIM and SBS scales. 

The concentration of Th1 cytokines (IFN-γ and 
IL-12) and anti-inflammatory cytokines (IL-1ra, 
TRAIL) were also significantly higher in the saliva of 
stroke patients. IFN-γ synthesized by Th1 cells 
stimulates the polarization of microglia into the M1 
phenotype, which exhibits pro-inflammatory activity, 
and activates the JAKs (Janus kinases) and STAT 
(signal transducer and activator of transcription 
proteins) signaling pathways [4]. It also exerts 
pro-inflammatory and pro-thrombotic effects by 
regulating adhesion molecule expression, activating 
the NADPH oxidase complex, and inducting 
adhesion molecule synthesis [58]. On the other hand, 
IL-12 stimulates the production of pro-inflammatory 
cytokines and chemotactic proteins, while also 
inducing the expression of adhesion molecules on 
endothelial cells to facilitate the influx of blood cells 
[59]. Anti-inflammatory cytokines modulate the 

immune response through various molecular 
mechanisms [60]. Interestingly, the concentration of 
Th2 cytokines in saliva (except for pro-inflammatory 
IL-6) was significantly lower in the study group 
compared to the control group. The differentiation of 
helper lymphocytes into Th2 is promoted by 
interleukins IL-4 and IL-9, and their reduced 
expression may indicate an impaired humoral 
response in stroke patients. 

In our study, the salivary concentration of IL-2, 
IL-5, IL-7, IL-10, IL-12 (p70), IL-13, IL-15, and IFN-α2 
was below the detection level in healthy controls 
(most commonly) and in stroke patients. Therefore, 
we cannot fully characterize the impact of stroke on 
the salivary cytokine profile. Indeed, the low 
concentration of certain biomarkers in saliva poses a 
limitation to its use in laboratory medicine [61]. The 
level of salivary biomarkers is also influenced by local 
factors (caries and periodontal inflammation [38]) and 
general factors (body hydration level, olfactory 
stimulation, time of day (during saliva collection), or 
time since the last meal [62]). However, saliva 
collection has numerous advantages. It is a 
non-invasive, non-infectious, simple, and inexpensive 
procedure [63] that is comfortable for patients of all 
ages [64]. Unlike blood, saliva can be safely collected 
from individuals with coagulation disorders without 
the involvement of medical personnel [65].  

According to the Biomarkers Definition Working 
Group, a biomarker is a characteristic that is 
objectively measured and evaluated as an indicator of 
normal biological processes, pathological processes, 
or pharmacological responses to a therapeutic 
intervention [66]. Currently, there is no widely 
available and specific biomarker for stroke diagnosis. 
This prevents early diagnosis of the disease and above 
all, effective treatment of patients. An ideal stroke 
biomarker should have high sensitivity and 
specificity, be easily measurable in circulating 
biological fluids, and provide information on the 
effectiveness of treatment. More and more studies 
assess the biomarker potential of cytokines in stroke 
diagnosis. Christensen et al. assessed the levels of 
TNF-α, IL-1, IL-1ra, and IL-10 in the blood of 179 
stroke patients. At the onset of stroke, the levels of 
these cytokines were significantly higher than three 
months after the incident [67]. In our study, we also 
noted higher levels of TNF-α, IL-1, and IL-1ra in the 
study group, however, IL-10 was undetectable in 
saliva. Beamer et al. showed that serum IL-Ra and 
IL-6 levels were significantly higher in stroke patients 
compared to healthy individuals [68]. Kim et al., in 
addition to elevated IL-6 levels, also showed a 
significant increase in IL-4 levels, and a considerable 
decrease in IL-2 levels, in the blood of stroke patients 
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[69]. Tan et al. observed significantly higher levels of 
IL-4 and IL-9 in the blood of stroke patients, while 
IFN-γ levels did not differ between the groups [70]. 
ROC diagnostic utility analysis in our study indicates 
that salivary TNF-α, TNF-β, IFN-γ, and IL-12 levels 
significantly differentiate ischemic stroke patients 
from healthy individuals (AUC = 1, sensitivity = 
100%, specificity = 100%). Although the number of 
patients in our study was statistically calculated, 
verification of results on a larger population of 
patients is necessary. Salivary cytokines may be a 
potential diagnostic biomarker for stroke. Saliva is 
particularly attractive as a diagnostic material for 
brain diseases [71, 72]. For many biomarkers, a 
stronger brain-saliva correlation has been 
demonstrated than a brain-blood correlation, which 
may be particularly important in the diagnosis of 
stroke [73-75]. Unfortunately, we did not assess the 
inflammatory profile of the blood of stroke patients, 
so we cannot compare inflammatory changes at the 
systemic (blood) and local (saliva) level. However, 

many studies indicate a strong saliva-blood 
correlation for cytokines [76-78].  

Limitations 
Our study also has numerous limitations. One of 

the biggest is that we only analyzed the inflammatory 
profile of unstimulated saliva. Saliva composition 
may differ depending on its type - unstimulated 
saliva is primarily produced by the submandibular 
glands (constituting plasma filtrate), while stimulated 
saliva mainly comes from the parotid glands and is 
less sensitive to systemic factors [79-82]. Furthermore, 
since we did not analyze the inflammatory profile in 
the blood and cerebrospinal fluid, we cannot 
determine whether the inflammation originates 
locally (from the salivary glands) or centrally (from 
the brain). Therefore, further analyses comparing 
different circulating fluids in a larger stroke patient 
population are necessary. Additionally, a comparison 
of the salivary inflammatory profiles between patients 
with ischemic and hemorrhagic stroke should also be 
explored. 

 

 
Figure 8. Graphical conclusions of the study (generated using biorender.com).  In the unstimulated saliva of stroke patients, a significantly higher content of 
pro-inflammatory cytokines (IL-1β, TNF-α, TNF-β), anti-inflammatory cytokines (IL-1ra, TRAIL), Th1 cytokines (IFN-γ, IL-2Rα and IL-12 (p40)) and Th2 cytokines (IL-6) was 
found compared to healthy individuals. The content of IL-1α, IL-4 and IL-9 was significantly lower in the saliva of patients from the study group. IL-1α: interleukin 1alpha; IL-1β: 
interleukin 1beta; IL-1ra: interleukin 1 receptor antagonist; IL-2Rα: interleukin 2 receptor alpha; IL-4: interleukin 4; IL-6: interleukin 6; IL-9: interleukin 9; IL-12 (p40): interleukin 
12 homodimer; IFN-γ: interferon gamma; TNF-α: tumor necrosis factor alpha; TNF-β: tumor necrosis factor beta; TRAIL: tumor necrosis factor-related apoptosis-inducing 
ligand.  
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Conclusions 
In summary, stroke patients exhibit changes in 

salivary composition including an increased secretion 
of inflammatory mediators. The obtained results 
confirm the inflammatory etiology of ischemic stroke, 
but do not indicate the dominance of any branch of 
the immune response. The levels of salivary TNF-α, 
TNF-β, IFN-γ, and IL-12 significantly differentiate 
ischemic stroke patients from healthy individuals, 
making salivary cytokines a potential biomarker for 
stroke (Figure 8). Further studies examining cytokine 
levels in the saliva and blood of a larger stroke patient 
population are necessary. 

Key messages 
Stroke patients exhibited modified salivary 

composition, with an increased release of 
inflammatory markers. 

TNF-α, TNF-β, IFN-γ, and IL-12 are markers, 
which are useful to distinguish ischemic stroke 
survivors from healthy controls. 

While it is essential to validate these results in a 
larger patient population, salivary cytokines could 
serve as virtual diagnostic markers. 

Supplementary Material 
Supplementary table S1.  
https://www.medsci.org/v22p2686s1.pdf 
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