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Abstract 

Background  The aim of the study is to evaluate saliva levels of Soluble urokinase plasminogen activator receptor 
(suPAR), Hypoxia-inducible factor-1 alpha (HIF-1α) and tumor necrosis factor-alpha (TNF-α) in stage III grade A, grade 
B, grade C periodontitis and periodontal health and to understand the roles of these molecules in periodontal inflam-
mation process and also to compare the three biomarkers’ discriminative efficacy in periodontal disease.

Methods  A total of 80 individuals, 20 with stage III grade A periodontitis (group A), 20 with stage III grade B peri-
odontitis (group B), 20 with stage III grade C periodontitis (group C) and 20 with healthy periodontium (group H) were 
recruited for this study. Full-mouth clinical periodontal measurements were recorded in periodontal charts. Whole 
saliva samples were collected to determine the levels of suPAR, HIF-1α and TNF-α in study groups using enzyme-
linked immunosorbent assay (ELISA) method.

Results  The saliva concentration of suPAR, HIF-1α, and TNF α was significantly higher in group A, group B, and group 
C compared with group H (p < .05). Additionally, salivary suPAR concentration was significantly higher in group C 
than in groups A and B (p < .05). Positive statistically significant correlations were observed between three biomarkers 
and all clinical parameters (p < .05).

Conclusions  Increased levels of saliva suPAR, HIF-1α, and TNF α suggest that these molecules may play a role in peri-
odontitis. In addition, the higher salivary suPAR levels in grade C periodontitis compared to other grades suggest 
that suPAR may be one of the potential molecules that can be used to predict disease progression and periodontal 
disease classification.

Trial registration  Before starting the study, the study plan was uploaded to clinicaltrials.gov.tr ​​and an identification 
number was obtained (Date: 21.05.2024, İdentification number: NCT06430450).
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Introduction
As a result of the host response to periodontopatho-
gens found in microbial dental plaque, a large number 
of inflammatory mediators are produced. These biologi-
cal agents play a crucial role in both the onset and pro-
gression of periodontal disease [1]. Various studies have 
demonstrated that detecting cytokines and biomarkers 
involved in inflammation in serum, saliva, and gingival 
crevicular fluid (GCF) samples from individuals with 
periodontal disease can provide significant insights into 
the development and pathogenesis of the disease [2–6].

The soluble urokinase plasminogen activator receptor 
(suPAR), an indicator of systemic immunological activa-
tion, inflammation, and thrombogenesis, has recently 
been recognized as a mediator in several inflammatory 
disorders [7]. suPAR is produced upon the cleavage of 
the urokinase plasminogen activator receptor (uPAR) 
from the cell membrane. It has been identified as a bio-
logical mediator of the body’s immunological response 
and inflammation [8]. suPAR is present in plasma, cer-
ebrospinal fluid, urine, and other regions of the body 
characterized by active inflammation and immunological 
responses [9, 10] Elevated plasma suPAR levels have been 
documented in various illnesses including cancer, diabe-
tes, cardiovascular disease, and rheumatoid arthritis [8, 
11, 12].

Studies examining the relationship between salivary 
suPAR levels and periodontal diseases found positive 
correlations between salivary suPAR levels and clinical 
parameters [13, 14]. In addition, a significant positive 
relationship was shown between salivary suPAR concen-
tration and putative periodontopathogens (Fusobacte-
rium nucleatum, Tannerella forsythia, Parvimonas micra, 
Prevotella nigrescens, Campylobacter rectus, Prevotella 
intermedia, and Porphyromonas gingivalis) [15] Skottrup 
et al. stated that the determination of salivary suPAR lev-
els can aid in the early diagnosis and intervention of peri-
odontitis. Furthermore, some studies also suggested that 
suPAR could be a potential biomarker for future disease 
detection and treatment using saliva samples [15, 16].

In periodontitis, elevated levels of Gram-negative 
anaerobic bacteria cause edema and increased inflam-
matory cell infiltration in the diseased periodontal tis-
sues, which impairs capillary perfusion and disrupts the 
balance between oxygen consumption and supply [17, 
18]. Hypoxia-inducible factor-1 alpha (HIF-1α), a cru-
cial transcriptional regulator of oxygen balance, is the 
first mediator of adaptive cellular responses to hypoxia. 
HIF-1α stimulates the expression of numerous genes that 
play a crucial role in wound healing and tissue repair 
[19]. In clinical studies, higher levels of HIF-1α mol-
ecule were detected in saliva and GCF samples of peri-
odontitis patients compared to healthy patients [20–22]. 

Additionally, when gingival samples from patients with 
periodontitis were examined, higher levels of HIF-1α 
protein expression were found compared to healthy 
patients [23, 24]. However, some studies have reported 
that the TNF-α molecule, which is found at elevated lev-
els in periodontitis patients, increases HIF-1α protein 
expression and leads to an increase in the total amount of 
HIF-1α in GCF [20, 23, 24]. These data indicate a poten-
tial correlation between HIF-1α and the pathophysiology 
of periodontal inflammation [20, 21, 23, 24].

TNF-α is a cytokine synthesized by T cells and mac-
rophages and exhibits immunomodulatory and proin-
flammatory effects on various cell types [25]. It has been 
suggested that TNF-α plays a key role in the progression 
of periodontitis and facilitates the degradation of perio-
dontal tissues by inducing the synthesis of prostaglandin 
E2 (PGE2), interleukin-1 (IL-1), and matrix metallopro-
teinases [26, 27]. In this study, we chose to investigate the 
relationship between suPAR, HIF-1α and TNF-α a proin-
flammatory cytokine known to be associated with peri-
odontal diseases, to better understand their roles in the 
periodontal inflammation process.

To the best of our knowledge, no study has compara-
tively analyzed the levels of suPAR, HIF-1α and TNF-α 1 
in saliva samples of patients with stage III grade A, stage 
III grade B and stage III grade C periodontitis and healthy 
periodontium. Considering the data mentioned above, 
we hypothesized that suPAR and HIF-1α may play a role 
in periodontal disease and its varying degrees and that 
these molecules may help distinguish periodontal dis-
ease from a healthy periodontium. The present study had 
three aims: First, to comparatively investigate the salivary 
levels of suPAR and HIF-1α in groups with stage III grade 
A, stage III grade B, and stage III grade C periodontitis, as 
well as in individuals with a healthy periodontium. Sec-
ond, to evaluate the correlations between both molecules 
and full-mouth clinical parameters, as well as TNF-α. 
Third, to compare these three biomarkers’discriminative 
efficacy in periodontal disease.

Materials and methods
This cross-sectional study included 80 systemically 
healthy, non-smoking individuals (47 females and 33 
males; age range 18–70); 20 of these individuals had stage 
III grade A periodontitis, 20 had stage III grade B peri-
odontitis, 20 had stage III grade C periodontitis and 20 
were periodontally healthy. The study was conducted in 
accordance with the Helsinki Declaration and has been 
approved by the Karamanoglu Mehmetbey University 
Faculty of Medicine Local Scientific Medical Research 
Ethics Committee (Date: 13.09.2023, No:08–2023/04). 
The trial was registered on “clinicaltrials.gov” (United 
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States National Library of Medicine), with the identifica-
tion number NCT06430450.

Study participants were selected from patients referred 
to the Karamanoglu Mehmetbey University, the Faculty 
of Dentistry, Department of Periodontology, Karaman, 
Turkey, between July 2024 and September 2024. Approxi-
mately 350 individuals who applied to the periodontology 
clinic were examined for eligibility for the study. To par-
ticipate in the study, participants were informed about 
the study, invited to participate and examined for exclu-
sion and inclusion criteria. The study’s objectives and 
protocol were thoroughly explained to all participants, 
and written informed consent was obtained from those 
willing to participate.

The following criteria were applied for inclusion: 
individuals with different periodontal health condi-
tions (Stage III Grade A periodontitis, Stage III Grade 
B periodontitis, Stage III Grade C periodontitis, and 
periodontally healthy individuals), individuals without 
any systemic diseases, individuals who do not use any 
tobacco products, including those who use smokeless 
forms of tobacco, and individuals with at least 20 teeth 
present in the mouth, excluding third molars.

The exclusion criteria were as follows: individuals with 
any systemic disease, smokers and consumers of tobacco 
products, individuals who have undergone periodontal 
therapy within the past six months, individuals who have 
been administered any anti-inflammatory medications 
in the past three months or antibiotics in the past six 
months, pregnant or breastfeeding individuals, and indi-
viduals with fewer than 20 permanent teeth.

Participants who met the inclusion criteria and con-
sented to join the study were gradually enrolled in the 
study groups throughout the data collection period until 
the required sample size was achieved.

A comprehensive periodontal examination, including 
full-mouth charting and radiographic assessments, was 
performed on each participant to evaluate their peri-
odontal health.

Participants were categorized into 4 groups accord-
ing to their periodontal health status [28, 29]. While 
including the patients in stage III periodontitis, the 
following criteria were taken into consideration after 
clinical and radiological examination. BOP ≥ 30% in 
the whole mouth, interdental CAL ≥ 5 mm (at the site 
of the greatest loss), radiographic bone loss extending 
to the mid-third or apical third of the root. Addition-
ally, patients classified as Stage II periodontitis based 
on CAL and radiographic bone loss assessments, but 
who possessed at least one complexity factor (Prob-
ing depths ≥ 6 mm, vertical bone loss ≥ 3 mm, fur-
cation involvement class II or III, moderate ridge 
defects), were also included in the study as stage III 

periodontitis, as their stage shifts to stage III due to 
these factors. 30% or more of the teeth had CAL (gen-
eralized) in terms of disease extent [28, 29].

•	 Healthy periodontium (group H) (n = 20, 9 males/11 
females, mean age: 29.85): Intact periodontium or 
reduced periodontium in a non-periodontitis patient. 
Bleeding on probing (BOP) < 10% in the whole 
mouth, probing depth ≤ 3 mm.

•	 Stage III grade A periodontitis (group A) (n = 20, 9 
males/11 females, mean age: 49.65): Having stage III 
periodontitis and % of bone loss/age < 0.25 in the site 
of the tooth with the greatest loss.

•	 Stage III grade B periodontitis (group B) (n = 20, 7 
males/13 females, mean age: 41.15): Having stage III 
periodontitis and % of bone loss/age 0.25–1.0 in the 
site of the tooth with the greatest loss.

•	 Stage III grade C periodontitis (group C) (n = 20, 8 
males/12 females, mean age: 43.25): Having stage III 
periodontitis and % of bone loss/age > 1.0 in the site 
of the tooth with the greatest loss.

Clinical measurements
An experienced clinician (İ.T.) conducted a clinical perio-
dontal examination for all participants, assessing gingival 
index (GI) [30], plaque index (PI) [31], bleeding on prob-
ing (BOP), probing depth (PD) and clinical attachment 
level (CAL) to determine periodontal status. CAL and 
PD were measured at six different sites per tooth: disto-
buccal, mesiobuccal, mid-buccal, mesiolingual/mesio-
palatal, disto-lingual/disto-palatal, and mid-lingual/
mid-palatal. Meanwhile, GI, PI, and BOP were measured 
at four sites per tooth: mesial, distal, buccal, and lingual/
palatal aspects.

Saliva sampling
Saliva samples were collected 1–2 days after clinical 
measurements were made. Prior to the collection of the 
saliva sample, all participants refrained from eating and 
drinking for one hour, which took place in the morn-
ing. Unstimulated whole saliva was collected by having 
participants spit into a plastic cup. Then, the saliva col-
lected in the plastic cup was taken with a sterile syringe 
and transferred to the centrifuge tube. To eliminate cells 
and food debris and reduce saliva turbidity, which could 
affect analysis accuracy, the samples were centrifuged at 
room temperature for 10 min at 45 × g – 600 RPM. Sub-
sequently, 0.5 mL portions of saliva were transferred into 
sterile polypropylene tubes and preserved at − 80 °C until 
biochemical analysis.
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Measurement of suPAR, HIF‑1α, and TNF‑α in saliva 
samples
ELISA kits (Elabscience, Houston, TX, USA) were 
employed to assess the levels of salivary suPAR, HIF-1α, 
and TNF-α. Saliva samples and calibration standards 
were precisely dispensed into wells pre-coated with spe-
cific antibodies. The plates were incubated for ninety 
minutes at 37 °C. Afterward, each well received a 1-h 
incubation at 37 °C with a biotin-conjugated antibody. 
The wells were then washed three times using 350 µl of 
washing buffer. Following the addition of streptavidin 
HRP enzyme, the wells were incubated for 30 min at 37 
°C, and then subjected to five automatic washes with 
350 µl of washing buffer. A substrate for HRP enzyme 
was added, and the plate was incubated at 37 °C in the 
dark. After that, H2SO4 was added to stop the reaction. 
Using an ELISA plate reader, absorbance was measured 
at 450 nm. (BioTek, ELX 800, BioTek Instruments, Win-
ooski, VT, USA) and a standard curve was used to com-
pare the absorbance values in order to determine the 
concentration.

Sample size calculation and statistical analyses
The sample size was determined using a software pro-
gram (G*Power version 3.0.8, Heinrich Heine University, 
Düsseldorf, Germany) following a prior study that inves-
tigated saliva TNF-α levels in healthy individuals and per-
iodontitis [32]. For this study, 20 volunteers were needed 
for each group, with a 0.59 effect size, a 99% power, and 
α = 0.05. A software application (SPSS v.29.0; IBM Cor-
poration, Armonk, New York, USA) was used to perform 
statistical analysis. The Shapiro–Wilk test was employed 
to assess the data for normal distribution. Demographic, 
clinical and biochemical data were normally distributed. 
ANOVA and Tukey tests were used to compare clinical 
and biochemical parameters, age and tooth number. The 

distribution of genders among the groups was examined 
using the Chi-square test. The Pearson correlation test 
was used to examine the correlations for biochemical 
and clinical data. The capacity of three biomarkers to dis-
tinguish between periodontal health and periodontitis, 
as well as between grades A, B, and C of stage III peri-
odontitis, was evaluated using receiver-operating char-
acteristic (ROC) curves and area under the curve (AUC) 
analysis. The p < 0.05. threshold was established for sta-
tistical significance.

Results
The demographic data and clinical results for the study 
groups is presented in Table 1. The mean age was higher 
in periodontitis groups compared to group H and the 
mean age was higher in group A compared to group B 
(p < 0.001). The number of teeth was lower in group C 
compared to group H (p < 0.05) and the other groups 
were similar (p > 0.05).

Clinical results
PD and CAL values were significantly higher in peri-
odontitis groups than in group H (p < 0.001) and these 
values were significantly higher in group B and group C 
than in group A (p < 0.001). GI, PI and BOP (%) values 
were higher in periodontitis groups than in group H (p < 
0.001), and these values were similar in the periodontitis 
groups (p > 0.05).

Biochemical results
The biochemical results data for the study groups and 
saliva concentrations of suPAR, TNF-α and HIF-1α are 
presented in Table 2. Saliva concentration of suPAR was 
significantly higher in periodontitis groups compared 
to group H (p < 0.05), and it was significantly higher in 
group C compared to group A (p < 0.001) and group B 

Table 1  Patient characteristics and clinical periodontal parameters of study groups (Mean ± SD)

a Significant difference from group H
b Significant difference from Grade III periodontitis Grade A group

Patient characteristic Group H
(n = 20)

Group A
(n = 20)

Group B
(n = 20)

Group C
(n = 20)

p value

Age (y) 29.85 ± 6.81 49.65 ± 9.22a 41.15 ± 8.97a b 43.25 ± 8.89 a <.001

Sex (males/females) 9/11 9/11 7/13 8/12 >.05

Number of teeth 27.30 ± 1.34 25.35 ± 2.68 25.25 ± 3.02 24.80 ± 2.64 a <.05

Periodontal parameters

  PD (mm) 1.45 ± 0.18 2.97 ± 0.42a 3.62 ± 0.52ab 3.66 ± 0.63ab <.001

  CAL (mm) 0.00 ± 0.00 3.12 ± 0.46a 3.88 ± 0.58ab 3.95 ± 0.79ab <.001

  GI 0.25 ± 0.17 1.50 ± 0.24a 1.48 ± 0.40a 1.61 ± 0.32a <.001

  PI 0.44 ± 0.25 1.77 ± 0.33a 1.70 ± 0.31a 1.77 ± 0.44a <.001

  BOP (%) 0.85 ± 2.23 56.04 ± 20.68 a 64.10 ± 25.12a 68.07 ± 18.83a <.001
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(p < 0.05). Saliva concentration of TNF-α and HIF-1α was 
significantly higher in periodontitis groups compared to 
group H (p < 0.05), and saliva concentrations of TNF-α 
and HIF-1α were similar in the periodontitis groups (p > 
0.05).

Correlations
Correlations for clinical and biochemical parameters for 
the study are presented in Table  3. There were strong 
positive correlations between saliva suPAR levels and all 
clinical parameters (p < 0.01). Saliva HIF-1α levels had 
strong positive correlations with GI, PI and BOP (%) (p < 
0.01), and positive correlations with PD and CAL (p < 
0.05). Saliva TNF-α levels had strong positive correlations 
with CAL and PI (p < 0.01), and positive correlations with 
PD, GI and BOP (%) (p < 0.05). There were strong posi-
tive correlations between saliva suPAR levels and saliva 
TNF-α levels (p < 0.01), and there were positive correla-
tions between saliva suPAR levels and saliva Hif-1α levels 
(p < 0.05). No correlation between saliva levels of TNF-α 
and HIF-1α was observed (p ˃ 0.05).

ROC analyses
ROC analysis was performed to assess discriminative effi-
ciencies of salivary suPAR, HIF-1α, and TNF-α between 
periodontal health and periodontitis and between differ-
ent grades of stage III periodontitis (Table  4). Receiver 
operating characteristic curves of salivary suPAR, HIF-1α 
and TNF α are shown in Fig.  1. Salivary HIF-1α has 
acceptable discriminatory power to distinguish between 
healthy periodontium and periodontitis (AUC = 0.781), 
salivary TNF α has very good discriminatory power to 

distinguish between the healthy periodontium and perio-
dontitis (AUC = 0.835), and salivary suPAR has excellent 
discriminatory power to distinguish between the healthy 
periodontium and periodontitis (AUC = 0.955). Salivary 
suPAR also has acceptable discriminatory power to dis-
tinguish grade A from grade C (AUC = 0.793) and grade 
B from grade C (AUC = 0.761).

Discussion
The current study compared the salivary levels of suPAR, 
HIF-1α, and TNF-α in those with healthy periodontal tis-
sue and those with stage III, grade A, grade B, and grade 
C periodontitis. According to the literature, this is the 
first study on the levels of suPAR, HIF-1α, and TNF-α in 
saliva in relation to stage III periodontitis grades and per-
iodontal health. When the periodontally healthy group 
and periodontitis groups were compared, suPAR, HIF-1α 
and TNF-α were found to be significantly higher in all 
periodontitis groups compared to the healthy group. In 
the evaluation of stage III periodontitis groups according 
to grades, no difference was found in TNF-α and HIF-1α 
levels, while a significant difference was found in grade C 
suPAR levels compared to grade A and grade B periodon-
titis groups.

It has been demonstrated that infectious and inflam-
matory diseases such rheumatoid arthritis, bacteremia 
with endotoxemia, HIV infection, viral infections, and 
malaria raise serum suPAR levels. It is well recognized 
that leukocyte activation and inflammatory stimulation 
raise SuPAR levels in many body fluids [8]. It has been 
reported that suPAR is a stable biomarker for detecting 
disease activity in rheumatoid arthritis and high serum 

Table 2  Saliva levels of biochemical parameters in study groups

a Significant difference from group H
b Significant difference from Grade III periodontitis Grade A group
c Significant difference from Grade III periodontitis Grade B group

Saliva concentration 
(Mean ± SD)

Group H
(n = 20)

Group A
(n = 20)

Group B
(n = 20)

Group C
(n = 20)

p value

suPAR (ng/mL) 9.06 ± 5.62 22.07 ± 11.82 a 29.38 ± 12.62a 42.43 ± 16.91abc <.001

HIF-1α (pg/mL) 77.12 ± 37.04 125.74 ± 54.29a 127.53 ± 35.76a 122.89 ± 60.49a <.05

TNF-α (pg/mL) 4.69 ± 3.01 10.29 ± 5.08a 14.13 ± 12.24a 15.99 ± 7.73a <.05

Table 3  Correlations of clinical and biochemical parameters

a Correlation significant at the.05 level (2-tailed)
b Correlation significant at the.01 level (2-tailed

PD (mm) CAL (mm) GI PI BOP (%) suPAR (ng/mL) HIF-1α (pg/mL) TNF-α (pg/mL)

suPAR (ng/mL) .502b .520b .495b .514b .504b 1 .322a .481b

Hif-1α (pg/mL) .271 a .307a .394b .491b .327b .322a 1 .228

TNF-α (pg/mL) .274a .321b .241a .346b .274a .481b .228 1
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suPAR levels are associated with tissue destruction and 
erosion in rheumatoid arthritis [33, 34].

In studies examining salivary suPAR levels in peri-
odontal diseases, salivary suPAR levels were found to be 
significantly higher in both gingivitis and periodontitis 
compared to the healthy group and salivary suPAR lev-
els have been shown to positively correlate with clinical 
periodontal parameters [13–15, 35]. In addition, a study 
reported that salivary suPAR levels were significantly 
higher in severe and moderate gingivitis than in mild 
gingivitis and that salivary suPAR levels may be related 
to the severity of the disease [35]. In our study, similar 
to previous studies, salivary suPAR levels were found to 
be significantly higher in all periodontitis groups com-
pared to the healthy group and were significantly higher 
in group C compared to groups A and B. Additionally, in 
this study, salivary suPAR levels showed a strong positive 
correlation with all clinical parameters, similar to previ-
ous studies [13, 14]. It was an important finding that it 
was higher in periodontitis with an aggressive destruc-
tion pattern than in slow and moderate destruction 
patterns. This suggests that suPAR may be one of the 
potential biomarkers that can be used to determine dis-
ease severity and progression rate. In a scoping review 
examining potential salivary biomarkers associated with 
periodontitis, suPAR was reported as one of the potential 
biomarkers that provide valuable information from early 
diagnosis of periodontal disease to severity assessment 
and treatment planning [36]. The results of our study 
have once again proven this situation stated in this scop-
ing review. As is known, TNF-α is one of the molecules 

known to play a key role in the pathogenesis of periodon-
tal disease [37, 38]. Taşdemir et  al. found a very strong 
positive correlation between GCF TNF-α levels and GCF 
suPAR and saliva suPAR levels in their study. Similar 
to the previous study, a very strong positive correlation 
was found between saliva TNF-α levels and saliva suPAR 
levels in this study. This raises the question of whether 
suPAR, like TNF-α may be one of the cytokines that play 
a key role in the pathogenesis of periodontal disease.

According to previous studies, anaerobic bacterial bio-
film, enhanced inflammatory cell infiltration, and micro-
thrombosis cause a hypoxic gradient to form in deep 
periodontal pockets [20, 39]. In comparison to healthy 
tissues, the density of HIF-1α-positive cells and the quan-
tities of HIF-1α protein are noticeably higher in inflam-
matory gingival tissues next to periodontal pockets [24, 
40].

In their study evaluating salivary and GCF HIF-1α lev-
els in chronic and aggressive periodontitis, Afacan et al. 
found a significant difference in the chronic and aggres-
sive periodontitis groups compared to the healthy group, 
but they could not find a significant difference between 
chronic and aggressive periodontitis [20]. They attributed 
this situation to the fact that the aggressive and chronic 
periodontitis patients included in the study had similar 
GI and BOP values. Similar to previous studies showing 
that HIF-1α levels in saliva samples were significantly 
higher in periodontitis groups than in healthy groups, in 
this study, salivary HIF-1α levels were found to be signifi-
cantly higher in periodontitis groups than in the healthy 
group [20]. However, no significant difference was found 

Table 4  Receiver operating characteristic analysis of salivary suPAR, Hif-1α and TNF-α in periodontal health and periodontitis

Abbreviations: AUC​ area under the curve, CI confidence interval
* Significance level at p <.05

Group AUC​ Cutoff value (ng/
mL)

Sensitivity Specificity 95% CI p value*

Periodontal health vs
periodontitis (suPAR)

0.955  > 16.015 84.00 93.33 0,873–0,991 <.001

Stage III grade A vs. B periodontitis (suPAR) 0.639  > 24.45 52.94 93.33 0,451–0,801 .195

Stage III grade A vs. C periodontitis (suPAR) 0.793  > 24.45 72.22 93.33 0,616–0,913 .001

Stage III grade B vs. C periodontitis (suPAR) 0.761  > 33.565 72.22 88.24 0,588–0,889 .002

Periodontal health vs
periodontitis (Hif-1α)

0.781  > 107.072 66.67 81.25 0,663–0,873  <.001

Stage III grade A vs. B periodontitis (Hif-1α) 0.542  > 67.768 100.00 22.22 0,366–0,711 .683

Stage III grade A vs. C periodontitis (Hif-1α) 0.535  > 226.432 18.75 100.00 0,356–0,707 .738

Stage III grade B vs. C periodontitis (Hif-1α) 0.568  ≤ 107.828 62.50 64.71 0,385–0,739 .523

Periodontal health vs
periodontitis (TNF-α)

0.835  > 8.16 73.08 93.75 0,726–0,914 <.001

Stage III grade A vs. B periodontitis (TNF-α) 0.524  ≤ 9.49 56.25 58.82 0,343–0,700 .821

Stage III grade A vs. C periodontitis (TNF-α) 0.593  > 11.9 68.42 70.59 0,417–0,753 .357

Stage III grade B vs. C periodontitis (TNF-α) 0.599  > 12.57 63.16 68.75 0,420–0,760 .337
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between the periodontitis groups. Positive correlations 
were found between salivary HIF-1α concentrations and 
PD and CAL levels, while strong positive correlations 
were found between PI, GI and BOP. Considering the 
results of previous studies and the results of this study, 
it is conceivable that HIF-1α may play a role in inflam-
matory responses and bone resorption and attachment 
loss during the progression of periodontal disease [20, 41, 
42]. However saliva HIF-1α level was thought to be insuf-
ficient to determine the progression rate and progression 
pattern of periodontitis.

TNF-α is a pro-inflammatory cytokine that has a signif-
icant role in the etiology of periodontal disease. Salivary 

TNF-α levels were considerably greater in periodontitis 
groups than in the healthy group in our study, which is 
consistent with previous studies [43–45]. But no sig-
nificant difference was found between stage III grade A, 
grade B and grade C. While there is no study in the lit-
erature examining salivary TNF-α in different grades of 
periodontitis, only one study investigated whether there 
was a difference between the grades in the gingival crev-
icular fluid of patients with stage IV periodontitis, and in 
this study, similar to our study, no significant difference 
was found between the grades of periodontitis in terms 
of TNF-α levels [46]. In studies conducted before the 
current classification in 2017, no difference was found 

Fig. 1  Receiver operating characteristic curves of salivary suPAR, HIF-1α, and TNF α. A Periodontal health vs. stage III periodontitis. B Stage III grade 
A vs. grade B periodontitis. C Stage III grade A vs. grade C periodontitis. D Stage III grade B vs. grade C periodontitis
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between salivary TNF-α levels in patients with aggres-
sive periodontitis and chronic periodontitis, and while it 
was stated that TNF-α correlated with clinical periodon-
tal parameters indicating the current clinical status of the 
disease, but no significant relationship was found with 
the rate of progression and destruction pattern of the dis-
ease [47–49].

The present study has some limitations. First, the 
cross-sectional design of the study limits the ability to 
clearly and definitively establish the relationship between 
the different grades of stage III periodontitis and the sali-
vary levels of these three cytokines and more compre-
hensive studies are needed in the future. Secondly, serum 
and DOS samples could be collected from the patients to 
investigate the relationship between the different grades 
of stage III periodontitis and serum and DOS levels of 
suPAR, HIF-1α, and TNF-α. Finally, changes in the lev-
els of these three cytokines could have been examined in 
individuals with the disease following treatment. Another 
limitation of the study is that the mean age of the peri-
odontitis groups was higher than the healthy group. This 
may be considered as a confounding factor in terms of 
interpreting the data. There is only one study in the lit-
erature examining the relationship between salivary 
suPAR levels and age, and in this study, salivary suPAR 
levels were found to be 3.79 ng/mL in individuals aged 
74–89 years, while they were found to be 3.16 ng/mL in 
individuals aged 24–66 years, and it was stated that saliva 
suPAR levels were statistically significantly higher in the 
group aged 74 and over [50]. In our study, there were 
only three patients aged 60 and over, and the patient with 
the highest age was 68 years. We could not find a study 
in the literature examining the relationship between sali-
vary HIF-1α levels and age. Previous studies investigating 
the relationship between salivary TNF-α levels and age 
have reported a significant decline in TNF-α concentra-
tions with advancing age [51, 52]. In light of these find-
ings, lower TNF-α levels might have been expected in 
our study as well, considering that the mean age of the 
periodontitis groups was higher than the healthy group. 
However, our results demonstrated that salivary TNF-α 
levels were significantly elevated in the periodontitis 
groups compared to the healthy controls. This finding 
may indicate that the increase in salivary TNF-α levels 
associated with periodontitis is particularly pronounced, 
independent of age-related variations.

Conclusion
Within the limits of this study, salivary levels of suPAR, 
HIF-1α and TNF-α were found to be increased in peri-
odontal disease groups. Both molecules may have an 
important role in the pathogenesis of periodontal dis-
ease. Salivary concentrations of both molecules can 

potentially be used as diagnostic markers for peri-
odontal disease. In particular, salivary concentrations 
of suPAR were higher in group C compared to groups 
A, B, and healthy periodontium groups. This result 
suggests that salivary suPAR concentration may be a 
potential inflammatory risk indicator/biomarker in 
the classification of periodontitis and the prediction 
of the progression rate of periodontitis. Our findings 
supported previous articles evaluating the relationship 
between these molecules and inflammatory diseases. 
In addition, studies examining the salivary concentra-
tions of these molecules in different stages and grades 
of periodontitis may further clarify the role of these 
molecules in the pathogenesis, prediction of progres-
sion rate, and classification of periodontal diseases.

Acknowledgements
This study was supported by Karamanoğlu Mehmetbey University Scientific 
Research Projects Coordination Office (Project Number: 35-M-23).

Authors’ contributions
İT performed data collection, formal analysis, funding acquisition, develop-
ment of research methodology, project management, writing, review, and 
editing of the article. ÖÖ gave ideas in terms of methodology. HEY performed 
and interpreted the biochemical analyses of the study. EK performed collec-
tion and analysis of literature information required for the study ŞA performed 
collection and analysis of literature information required for the study. MS 
performed formal analysis, development of research methodology, project 
management, writing, review and editing of the article.

Funding
This study was supported by Karamanoğlu Mehmetbey University Scientific 
Research Projects Coordination Office (Project Number: 35-M-23).

Data availability
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was conducted in accordance with the Helsinki Declaration and has 
been approved by the Karamanoglu Mehmetbey University Faculty of Medi-
cine Local Scientific Medical Research Ethics Committee (Date: 13.09.2023, 
No:08–2023/04).
The study’s objectives and protocol were thoroughly explained to all par-
ticipants, and written informed consent was obtained from those willing to 
participate.

Consent for publication
Not Applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Periodontology, Faculty of Dentistry, Karamanoğlu Mehmet-
bey University, Üniversite Mah. 2055 Sok. No:5, Karaman 70200, Turkey. 
2 Department of Medical Biochemistry, School of Medicine, Izmir Katip Celebi 
University, Izmir, Turkey. 3 Izmir Biomedicine Genome Center, Dokuz Eylul Uni-
versity, Izmir, Turkey. 4 Department of Pediatric Dentistry, Faculty of Dentistry, 
Adıyaman University, Adıyaman, Turkey. 5 Vocational School of Health Services, 
Karamanoğlu Mehmetbey University, Karaman, Turkey. 6 Department of Peri-
odontology, Faculty of Dentistry, Izmir Katip Çelebi University, Izmir, Turkey. 



Page 9 of 10Taşdemir et al. BMC Oral Health          (2025) 25:760 	

Received: 22 March 2025   Accepted: 12 May 2025

References
	1.	 Zhang Y, Jia R, Zhang Y, Sun X, Mei Y, Zou R, et al. Effect of non-surgical 

periodontal treatment on cytokines/adipocytokines levels among 
periodontitis patients with or without obesity: a systematic review and 
meta-analysis. BMC Oral Health. 2023;23(1):717.

	2.	 Ejeil AL, Igondjo-Tchen S, Ghomrasseni S, Pellat B, Godeau G, Gogly B. 
Expression of matrix metalloproteinases (MMPs) and tissue inhibitors of 
metalloproteinases (TIMPs) in healthy and diseased human gingiva. J 
Periodontol. 2003;74(2):188–95.

	3.	 Yue Y, Liu Q, Xu C, Loo WT, Wang M, Wen G, et al. Comparative evaluation 
of cytokines in gingival crevicular fluid and saliva of patients with aggres-
sive periodontitis. Int J Biol Markers. 2013;28(1):108–12.

	4.	 Górska R, Gregorek H, Kowalski J, Laskus-Perendyk A, Syczewska M, 
Madaliński K. Relationship between clinical parameters and cytokine 
profiles in inflamed gingival tissue and serum samples from patients with 
chronic periodontitis. J Clin Periodontol. 2003;30(12):1046–52.

	5.	 Knie LV, Leknes KN, Xue Y, Lie SA, Bunæs DF. Serum biomarker levels in 
smokers and non-smokers following periodontal therapy. A prospective 
cohort study. BMC Oral Health. 2024;24(1):463.

	6.	 Zhang Y, Kang N, Xue F, Qiao J, Duan J, Chen F, et al. Evaluation of 
salivary biomarkers for the diagnosis of periodontitis. BMC Oral Health. 
2021;21(1):266.

	7.	 Isola G, Polizzi A, Alibrandi A, Williams RC, Leonardi R. Independent 
impact of periodontitis and cardiovascular disease on elevated soluble 
urokinase-type plasminogen activator receptor (suPAR) levels. J Periodon-
tol. 2021;92(6):896–906.

	8.	 Thunø M, Macho B, Eugen-Olsen J. suPAR: the molecular crystal ball. Dis 
Markers. 2009;27(3–4):157–72.

	9.	 Donadello K, Scolletta S, Covajes C, Vincent J-L. suPAR as a prognostic 
biomarker in sepsis. BMC Med. 2012;10:1–9.

	10.	 Koch A, Voigt S, Kruschinski C, Sanson E, Dückers H, Horn A, et al. Circulat-
ing soluble urokinase plasminogen activator receptor is stably elevated 
during the first week of treatment in the intensive care unit and predicts 
mortality in critically ill patients. Crit Care. 2011;15:1–14.

	11.	 Eugen-Olsen J, Andersen O, Linneberg A, Ladelund S, Hansen T, Langkilde 
A, et al. Circulating soluble urokinase plasminogen activator receptor pre-
dicts cancer, cardiovascular disease, diabetes and mortality in the general 
population. J Intern Med. 2010;268(3):296–308.

	12.	 Huang Y, Zhang Z, Zheng Y, Zhao Z, Zhong Y, Zhang Q, et al. Effects of 
non-surgical periodontal therapy on periodontal clinical data in peri-
odontitis patients with rheumatoid arthritis: a meta-analysis. BMC Oral 
Health. 2021;21:1–11.

	13.	 Taşdemir İ, Erbak Yılmaz H, Narin F, Sağlam M. Assessment of saliva and 
gingival crevicular fluid soluble urokinase plasminogen activator receptor 
(suPAR), galectin-1, and TNF-α levels in periodontal health and disease. J 
Periodontal Res. 2020;55(5):622–30.

	14	 Gustafsson A, Ajeti V, Ljunggren L. Detection of suPAR in the saliva of 
healthy young adults: comparison with plasma levels. Biomarker insights. 
2011;6:BMI.S8326.

	15.	 Skottrup PD, Dahlén G, Baelum V, Lopez R. Soluble urokinase-type plas-
minogen activator receptor is associated with signs of periodontitis in 
adolescents. Eur J Oral Sci. 2018;126(4):292–9.

	16.	 Alftaikhah SAA, Issrani R, Alnasser M, Almutairi HA, Khattak O, Iqbal A, 
et al. Salivary Biomarkers in Periodontitis: A Scoping Review. Cureus. 
2023;15(12).

	17.	 Tanaka M, Hanioka T, Takaya K, Shizukuishi S. Association of oxygen 
tension in human periodontal pockets with gingival inflammation. J Peri-
odontol. 1998;69(10):1127–30.

	18.	 Karhausen J, Haase VH, Colgan SP. Inflammatory hypoxia: role of hypoxia-
inducible factor. Cell Cycle. 2005;4(2):255–7.

	19.	 Eltzschig HK, Carmeliet P. Hypoxia and inflammation. N Engl J Med. 
2011;364(7):656–65.

	20.	 Afacan B, Öztürk VÖ, Paşalı Ç, Bozkurt E, Köse T, Emingil G. Gingival 
crevicular fluid and salivary HIF-1α, VEGF, and TNF-α levels in periodontal 
health and disease. J Periodontol. 2019;90(7):788–97.

	21.	 Tayman MA, Kurgan Ş, Önder C, Güney Z, Serdar MA, Kantarcı A, et al. 
A disintegrin-like and metalloproteinase with thrombospondin-1 
(ADAMTS-1) levels in gingival crevicular fluid correlate with vascular 
endothelial growth factor-A, hypoxia-inducible factor-1α, and clinical 
parameters in patients with advanced periodontitis. J Periodontol. 
2019;90(10):1182–9.

	22.	 Afacan B, Keleş Yücel ZP, Paşali Ç, Atmaca İlhan H, Köse T, Emingil G. 
Effect of non-surgical periodontal treatment on gingival crevicular fluid 
hypoxia inducible factor-1 alpha, vascular endothelial growth factor 
and tumor necrosis factor-alpha levels in generalized aggressive peri-
odontitis patients. J Periodontol. 2020;91(11):1495–502.

	23.	 Ng KT, Li JP, Ng KM, Tipoe GL, Leung WK, Fung ML. Expression of 
hypoxia-inducible factor-1α in human periodontal tissue. J Periodontol. 
2011;82(1):136–41.

	24	 Gölz L, Memmert S, Rath-Deschner B, Jäger A, Appel T, Baumgarten G, 
et al. Hypoxia and P gingivalis synergistically induce HIF-1 and NF-κB 
activation in PDL cells and periodontal diseases. Mediat Inflamm. 
2015;2015(1):438085.

	25.	 Erdemir EO, Duran I, Haliloglu S. Effects of smoking on clinical parame-
ters and the gingival crevicular fluid levels of IL-6 and TNF-α in patients 
with chronic periodontitis. J Clin Periodontol. 2004;31(2):99–104.

	26.	 Dr B. Stimulation of bone resorption and inhibition of bone formation 
in vitro by human tumour necrosis factors. Nature. 1986;319:516–8.

	27.	 Nishikawa M, Yamaguchi Y, Yoshitake K, Saeki Y. Effects of TNFα and 
prostaglandin E2 on the expression of MMPs in human periodontal 
ligament fibroblasts. J Periodontal Res. 2002;37(3):167–76.

	28.	 Caton JG, Armitage G, Berglundh T, Chapple IL, Jepsen S, Kornman KS, 
et al. A new classification scheme for periodontal and peri‐implant 
diseases and conditions–Introduction and key changes from the 1999 
classification. Wiley Online Library; 2018. p. S1-S8.

	29.	 Tonetti MS, Greenwell H, Kornman KS. Staging and grading of peri-
odontitis: Framework and proposal of a new classification and case 
definition. J Periodontol. 2018;89:S159–72.

	30.	 Löe H. The gingival index, the plaque index and the retention index 
systems. J Periodontol. 1967;38(6):610–6.

	31	 Silness J, Löe H. Periodontal disease in pregnancy II. Correlation 
between oral hygiene and periodontal condition. Acta Odontologica 
Scandinavica. 1964;22(1):121–35.

	32.	 Singh P, Gupta ND, Bey A, Khan S. Salivary TNF-alpha: A poten-
tial marker of periodontal destruction. J Indian Soc Periodontol. 
2014;18(3):306–10.

	33.	 Toldi G, Bekő G, Kádár G, Mácsai E, Kovács L, Vásárhelyi B, et al. Soluble 
urokinase plasminogen activator receptor (suPAR) in the assessment of 
inflammatory activity of rheumatoid arthritis patients in remission. Clin 
Chem Lab Med (CCLM). 2013;51(2):327–32.

	34.	 Slot O, Brünner N, Locht H, Oxholm P, Stephens RW. Soluble urokinase 
plasminogen activator receptor in plasma of patients with inflamma-
tory rheumatic disorders: increased concentrations in rheumatoid 
arthritis. Ann Rheum Dis. 1999;58(8):488–92.

	35.	 El-Patal MAE, Khalil MA, Shipl W, Barakat I, Youssef EM, El Attar S, et al. 
Detection of soluble urokinase type plasminogen activator recep-
tors in children with gingivitis and normal subjects. BMC Oral Health. 
2022;22(1):436.

	36.	 Issrani R, Alnasser M, Almutairi H, Khattak O, Iqbal A, Prabhu N. Salivary 
Biomarkers in Periodontitis: A Scoping Review. Cureus. 2024;15(12).

	37.	 Grauballe MB, Østergaard JA, Schou S, Flyvbjerg A, Holmstrup P. Effects 
of TNF-α blocking on experimental periodontitis and type 2 diabetes 
in obese diabetic Z ucker rats. J Clin Periodontol. 2015;42(9):807–16.

	38.	 Ding C, Ji X, Chen X, Xu Y, Zhong L. TNF-α gene promoter polymor-
phisms contribute to periodontitis susceptibility: evidence from 46 
studies. J Clin Periodontol. 2014;41(8):748–59.

	39.	 Shan C, Xia Y, Wu Z, Zhao J. HIF-1α and periodontitis: Novel insights 
linking host-environment interplay to periodontal phenotypes. Prog 
Biophys Mol Biol. 2023;184:50–78.

	40	 Vasconcelos RC, Costa AdLL, Freitas RdA, Bezerra BAdA, Santos BRMd, 
Pinto LP, et al. Immunoexpression of HIF-1α and VEGF in periodontal 
disease and healthy gingival tissues. Braz Dental J. 2016;27:117–22.

	41.	 Shi Q-Y, Huang S-G, Zeng J-H, Fang X-G. Expression of hypoxia induc-
ible factor-1α and vascular endothelial growth factor-C in human 
chronic periodontitis. J Dental Sci. 2015;10(3):323–33.



Page 10 of 10Taşdemir et al. BMC Oral Health          (2025) 25:760 

	42.	 Savage A, Eaton KA, Moles DR, Needleman I. A systematic review of 
definitions of periodontitis and methods that have been used to identify 
this disease. J Clin Periodontol. 2009;36(6):458–67.

	43.	 Preshaw PM, Taylor JJ. How has research into cytokine interactions and 
their role in driving immune responses impacted our understanding of 
periodontitis? J Clin Periodontol. 2011;38:60–84.

	44.	 Frodge BD, Ebersole JL, Kryscio RJ, Thomas MV, Miller CS. Bone 
remodeling biomarkers of periodontal disease in saliva. J Periodontol. 
2008;79(10):1913–9.

	45.	 Afacan B, Atmaca İH. Salivary Azurocidin and Tumor Necrosis Factor-α 
Levels in Patients with Stage III-IV, Grade C Periodontitis. Ege Üniversitesi 
Diş Hekimliği Fakültesi Dergisi. 2020;41(1):47–54.

	46.	 Yiğit U, Karaaslan F, Dikilitaş A, Aydın EÖ. The association between grade 
of periodontitis and gcf levels of tnf-α and mip-1α: a preliminary study. 
Med J Süleyman Demirel Univ. 2022;29(2):243–8.

	47.	 Gümüş P, Nizam N, Lappin DF, Buduneli N. saliva and serum levels of 
B-cell activating factors and Tumor Necrosis Factor-α in patients with 
periodontitis. J Periodontol. 2014;85(2):270–80.

	48.	 Kurtiş B, Tüter G, Serdar M, Akdemir P, Uygur C, Firatli E, et al. Gingival 
crevicular fluid levels of monocyte chemoattractant protein-1 and tumor 
necrosis factor-alpha in patients with chronic and aggressive periodonti-
tis. J Periodontol. 2005;76(11):1849–55.

	49.	 Varghese SS, Thomas H, Jayakumar N, Sankari M, Lakshmanan R. Estima-
tion of salivary tumor necrosis factor-alpha in chronic and aggressive 
periodontitis patients. Contemp Clin Dentistr. 2015;6(Suppl 1):S152–6.

	50.	 Wlazel RN, Szwabe K, Guligowska A, Kostka T. Soluble urokinase plasmi-
nogen activator receptor level in individuals of advanced age. Sci Rep. 
2020;10(1):15462.

	51.	 Costantino E, Castell SD, Harman MF, Pistoresi-Palencia MC, Actis AB. 
Salivary Proinflammatory Cytokines IL-1β, IL-6 and TNF Decrease With 
Age. BioRxiv. 2022:2022.04. 25.489450.

	52.	 Riis JL, Out D, Dorn LD, Beal SJ, Denson LA, Pabst S, et al. Salivary 
cytokines in healthy adolescent girls: Intercorrelations, stability, and asso-
ciations with serum cytokines, age, and pubertal stage. Dev Psychobiol. 
2014;56(4):797–811.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Salivary levels of suPAR, HIF-1α and TNF-α in different grades of stage III periodontitis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Introduction
	Materials and methods
	Clinical measurements
	Saliva sampling
	Measurement of suPAR, HIF-1α, and TNF-α in saliva samples
	Sample size calculation and statistical analyses

	Results
	Clinical results
	Biochemical results
	Correlations
	ROC analyses

	Discussion
	Conclusion
	Acknowledgements
	References


