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ABSTRACT

Objective: The onset, severity and progression of periodontal diseases are mainly related to the inflammatory host response against periodontal 
pathogens. The aim of this study was to evaluate salivary interleukin (IL) – 1β, IL-13, IL-21 and IL-33 levels in patients with stage III grade C 
periodontitis and compare it with periodontally healthy individuals.

Methods: A total of 58 individuals, including 28 periodontally healthy and 30 stage III grade C periodontitis patients were included in this 
study. Periodontal parameters including plaque index, gingival index, bleeding on probing, probing depth and clinical attachment level were 
measured. Saliva samples were obtained from all patients. Salivary interleukin (IL) – 1β, IL-13, IL21, IL-33 levels were assessed using enzyme-
linked immunosorbent assay.

Results: All clinical parameters were significantly higher in periodontitis patients compared to healthy individuals (p<0.001). Elevated salivary 
IL-1β and IL-21 levels were found in the periodontitis group compared to healthy ones (p=0.009 and p<0.001, respectively). However, IL-13 and 
IL-33 levels were similar in both groups (p= 0.92). IL-1β was significantly correlated with both clinical and biochemical parameters but IL-21 was 
correlated with only clinical parameters.

Conclusion: This study showed that elevated salivary IL-21 and IL-1β levels are associated with periodontitis and might be used as a marker for 
the diagnosis of periodontitis.
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Salivary Levels of IL-21 as a Potential Marker of Stage III Grade 
C Periodontitis

1. INTRODUCTION

Periodontitis is a common infectious condition with 
the presence of gingival inflammation, alveolar bone 
resorption, and attachment loss (1). Host response against 
pathogenic microorganisms in dental biofilm is a main 
factor for pathogenesis of periodontitis (2). Cytokines are 
the messenger molecules between cells that regulate this 
response. Moreover, dysregulated production of cytokines 
is associated with the initiation and progression of several 
infective and inflammatory diseases such as periodontitis (2-
4). Cytokines can act antagonistically or synergistically and are 
classified according to their functions as pro-inflammatory 
or anti-inflammatory molecules (3). The pro-inflammatory 
cytokine IL-1ß, act as a critical mediator of inflammation 
and tissue destruction. It plays a vital role in regulating 
inflammatory and immunological events, such as leukocyte 
chemotaxis, monocyte/macrophage activation, production 
of matrix metalloproteinases (MMPs), prostaglandins and 
T cell activation (5). Elevated levels of IL-1ß were detected 

in saliva, serum, gingival crevicular fluid (GCF) and gingival 
tissue of patients with periodontitis (6-8).

Anti-inflammatory cytokines promote physiological health 
by stimulating the protective antibodies production and 
diminishing the levels of destructive inflammatory cytokines 
(9, 10). IL-13 is an anti-inflammatory cytokine activated by T 
helper 2 cells (Th2) (11). It has been shown that IL-13 inhibits 
pro-inflammatory cytokine synthesis and osteoclastogenesis 
(12, 13). Although, there are several studies about IL-13 
levels in GCF and serum, there is no study that compares 
the salivary levels of IL-13 in both healthy and periodontitis 
groups. Miranda et al. showed similar serum IL-13 levels in 
both periodontally healthy and periodontitis patients (14). 
On the other hand, Elabdeen et al. found lower plasma IL-
13 levels in aggressive periodontitis patients compared 
to the healthy controls (15). In GCF, Gorgun et al. showed 
lower IL-13 levels in aggressive periodontitis patients than 
chronic periodontitis and periodontally healthy groups 
(16). Moreover, three studies have evaluated IL-13 levels in 
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periodontitis before and after periodontal treatment. While 
two of these studies found significantly elevated GCF IL-13 
levels after treatment (16, 17), the other showed no change 
(18).

IL-21 is predominantly released by Th17 cells and acts as 
a pro-inflammatory cytokine. It targets a broad range of 
immune cells (19, 20). A growing body of evidence shows 
that T-cell responses associated with inflammation and 
tissue destruction are improved by IL-21 (21-25). Moreover, 
it suppresses the production of the anti-inflammatory IL-13 
cytokine produced by Th2 cells (26). There is a bidirectional 
activating relationship between IL-21 and IL-1ß. While IL-1β 
increases IL-21 secretion by inducing Th17 cells, IL-21 has 
the ability to upregulate IL-1β (27-29). There are limited and 
contradictory results regarding IL-21 levels in periodontitis 
compared to healthy controls. A study showed elevated 
salivary IL-21 levels in periodontitis compared to healthy 
controls (30). However, Gumus et al. found no difference in 
serum or salivary IL-21 levels between groups (31).

IL-33 plays a crucial role in inflammation. Since IL-33 has 
an effect on both increasing Th2 derived anti-inflammatory 
cytokines and stimulating mast cell degranulation or 
production of pro-inflammatory cytokines, it acts as an 
immunoregulator (32, 33). Although, elevated salivary 
levels of IL-33 in periodontitis patients compared to healthy 
controls has been reported (31), there are also studies that 
revealed no difference between these groups in saliva and 
GCF (34, 35).

The objective of the study was to compare the salivary IL-1β, 
IL-13, IL-21, and IL-33 levels in patients with stage III grade C 
periodontitis and healthy controls.

2. METHODS

2.1. Study Population

A total of 58 individuals (29 male and 29 female) were 
recruited from the Department of Periodontology, Faculty 
of Dentistry, Marmara University, Istanbul, Turkey. A medical 
and dental histories were recorded. All individuals were 
systemically healthy, non-smoker, aged over 20 years and 
had at least 20 teeth (except third molars). The individuals 
that were included in the study met the following criteria; 
they were not pregnant or lactating, had not received 
periodontal treatment and were not using any antibiotics, 
immunosuppressive or nonsteroidal anti-inflammatory drugs 
in the past 6 months.

The participants were categorized into healthy or stage III 
grade C periodontitis groups according to the consensus 
report of the 2017 World Workshop on the Classification of 
Periodontal and Peri-Implant Diseases and Conditions (36). 
The periodontally healthy group was defined as presence 
of intact periodontium, no sites with attachment loss and 
radiographic evidence of alveolar bone loss, no history of 
periodontitis, bleeding on probing (BOP) <10%, probing 
depth (PD) <3mm, while stage III periodontitis patients had 

at least 4 interdental sites clinical attachment level (CAL)> 5 
mm due to periodontitis, radiographic bone loss reaching to 
the mid-third of the root or beyond, teeth loss less than 4 
teeth due to periodontitis.

Grade assessment was carried out according to the ratio 
between radiographic bone loss (%) and age. Since the bone 
loss (%)/age values were >1.0, all periodontitis patients were 
defined as grade C.

The clinical research ethics committee of Marmara University, 
Faculty of Medicine, Istanbul, approved the present study 
protocol (12.06.2020/ 09.2020.652). All patients were 
informed about the study, and a written informed consent 
form in compliance with the 1964 Helsinki Declaration and 
its later amendments was obtained.

2.2. Clinical Measurements

A single calibrated examiner (NGG) carried out a full mouth 
periodontal examination of all participants. Before clinical 
measurements, intra-examiner calibration was performed 
by measuring PD and CAL values twice on five patients with 
one day interval resulting in intraclass correlation coefficients 
were 0.92 for PD and 0.90 for CAL.

Plaque index (PI) (37), gingival index (GI) (38), BOP, PD, CAL 
measurements were recorded at six sites of each tooth 
except third molars. All clinical values were examined using 
a UNC15 probe (Hu-Friedy, Chicago, IL). Self-reports of the 
patients were used as a basis for assessing existing tooth loss 
due to periodontitis.

2.3. Collection and Analyses of Salivary Samples

Unstimulated saliva samples were collected from all 
individuals a day after clinical measurements. All samples 
were obtained between 9 am and 10 am to decrease the effect 
of circadian rhythm on biomarker levels. The participants 
were asked not to brush their teeth, floss, chew gum, eat or 
drink within the last 3 hours. During saliva collection, they 
were requested to accumulate the saliva in the mouth for 
5 min and spit into sterile 2 ml Eppendorf tubes (Safe-Lock 
Tubes 1.5 ml, Sigma, Hamburg). Then all saliva samples were 
stored immediately at − 80 °C before assays.

Salivary concentrations of IL-1β, IL-13, IL-21 and IL-33 were 
determined using specific ELISA kits (Elabscience, Houston, 
TX, USA and Bioassay Technology Laboratory, Shanghai, 
China). The manufacturer’s guidelines were followed for 
each assay, using saliva samples. The minimum detection 
thresholds for IL-1β, IL-13, IL-21 and IL-33 were 4.69 pg/mL, 
0.2 ng/L, 2.46 ng/L and 2.61 ng/L, respectively.

2.4. Statistical Analyses

The minimum sample size was determined based on a study 
investigating salivary IL-1β levels in a similar group design 
(39). This analysis indicated that the minimum required 
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sample size was 14 for each group at α=0.05 significance 
level and with a power of 90%.

All statistical analyses were assessed using a statistical 
software package (SPSS 22.0 for Windows, Chicago, IL). 
Descriptive statistics such as median, minimum-maximum, 
mean and standard deviation values were used to present 
age, gender distribution, clinical and biochemical data. 
Difference in gender distribution was analyzed by Chi-
square test. Normality analyzes of all data were performed 
using Kolmogorov Smirnov test. Intergroup comparisons 
were carried by either Students’ t-test or Mann Whitney U 
test, depending normality of the distribution. Correlations 
between clinical and biochemical parameters were 
determined by Spearman rank correlation test. For testing 
the possible utility of IL-1β and IL-21 in periodontitis 
diagnosis, receiver operating characteristics (ROC) and area 
under the curve (AUC) analyses were constructed. Statistical 
significance was accepted as p<0.05.

3. RESULTS

Demographic variables are presented in Table 1. The median 
age and gender distribution were similar in both groups 
(p=0.103 and p=0.525, respectively). Significantly higher 
values of clinical periodontal measurements were detected 
in the periodontitis group compared to periodontally healthy 
ones (p<0.001) (Table 2).

Table 1. Age and gender distribution pattern of healthy individuals 
and periodontitis patients

Healthy
N=28

Periodontitis
N=30

p* p**

Age
Median

Min-Max
(Mean+SD)

31.00
23-48

(33.50±7.63)

35.50
25-59

(36.23±7.94)
0.103

Gender
N (%)

Female
Male

15 (53.6)
13 (46.4)

14 (46.7)
16 (53.3)

0.599

SD: Standart Deviation. *Mann Whitney-U test, **Chi-square test; p<0.05

The saliva levels of IL-1β, IL-13, IL-21, IL-33 in both groups 
are shown in Table 3. Elevated salivary levels of IL-21 and 
IL-1β were found in the periodontitis group compared to 
the periodontal health (p<0.001 and p=0.009, respectively). 
However, saliva IL-13 and IL-33 levels did not differ between 
healthy and periodontitis groups (p= 0.932 and p=0.926, 
respectively).

Correlations of salivary interleukin levels with clinical 
periodontal parameters and with each other are presented 
in Table 4. IL-1β levels correlated positively with both clinical 
and biochemical parameters (p<0.01 or p<0.05) but IL-21 
levels only with all clinical parameters (p<0.01). Moreover, 
positive correlation was found between IL-13 and IL-33 
(p<0.01).

AUC values and ROC curves for IL-1β and IL-21 in discriminating 
periodontitis patients from healthy controls are shown in 
Figure 1. IL-1β and IL-21 provided larger AUC values than 0.5 
(0.699 and 0.937, respectively).

 
 

 
 
 

Biochemical 
parameters AUC %95 (CI) Cut-off Sensitivity Specificity p 

IL-1β (pg/mL) 0.699 0.564-0.833 18.595 0.633 0.643 0.009 
IL-21 (ng/L) 0.937 0.881-0.993 240.045 0.800 0.786 <0.001 

 

Figure 1. Receiver operating characteristics (ROC) curve of IL-1β and IL-21 in regard to 

periodontitis with area under the curve (AUC), 95% confidence intervals, cut off, sensitivity, 

specificity and p values. 

Figure 1. Receiver operating characteristics (ROC) curve of IL-1β and 
IL-21 in regard to periodontitis with area under the curve (AUC), 95% 
confidence intervals, cut off, sensitivity, specificity and p values.

Table 2. Clinical Measurements of Study Groups

Periodontal Parameters

Healthy
N=28

Median
Min-Max

(Mean+SD)

Periodontitis
N=30

Median
Min-Max

(Mean+SD)

p

PI
0.11

0.01-0.33
(0.12±0.07)

1.85
1.05-3.39

(1.88±0.51)
<0.001*

GI
0.07

0.01-0.18
(0.06±0.04)

1.90
0.41-2.22

(1.75±0.46)
<0.001*

BOP (%)
5.75

1.19-10.50
(6.11±2.52)

93.64
20.51-100

(82.24±23.45)
<0.001*

PD (mm)
1.91

1.52-2.32
(1.91±0.16)

4.28
3.12-5.82

(4.30±0.63)
<0.001#

CAL (mm)
1.92

1.52-2.32
(1.93±0.17)

4.76
3.22-5.99

(4.73±0.69)
<0.001#

SD: Standart Deviation; PI: Plaque Index; GI: Gingival Index; BOP: Bleeding 
on Probing; PD: Probing Depth; CAL: Clinical Attachment Level. *Mann 
Whitney-U test, #Student’s t-test; p<0.05
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Table 3. Saliva Levels of Interleukins in Study Groups

Biochemical
Parameters

Healthy
N=28

Median
(Mean±SD)

Periodontitis
N=30

Median
(Mean±SD)

p*

IL-1β (pg/mL)
10.02

2.32-61.62
18.17±16.40

26.30
2.37-368.56
54.91±76.09

0.009

IL-13 (ng/L)
18.79

11.01-23.65
17.76±3.82

18.12
9.82-23.13
17.86±3.43

0.932

IL-21 (ng/L)
200.78

127.65-255.01
197.33±37.76

261.49
223.37-312.65
265.43±24.73

<0.001

IL-33 (ng/L)
319.99

121.92-466.96
300.14±82.77

303.76
140.64-433.81
306.72±65.59

0.926

SD-Standart deviation. *Mann Whitney-U test; p<0.05

Table 4. Correlation of Biochemical and Clinical Parameters

IL-1β (pg/mL) IL-13 (ng/L) IL-21 (ng/L)
IL-33 

(ng/L)

PI r 0.326* 0.090 0.668** 0.104

GI r 0.406** 0.050 0.684** -0.011

PD r 0.407** 0.139 0.679** 0.126

CAL r 0.414** 0.161 0.677** 0.167

BOP (%) r 0.406** 0.062 0.716** 0.054

IL-1β (pg/mL) r - 0.612** 0.441** 0.455**

IL-13 (ng/L) r - 0.210 0.837**

IL-21 (ng/L) r - 0.228

PI: plaque index; GI: gingival index; BOP: bleeding on probing; PD: probing 
depth; CAL: clinical attachment level, r: Correlation coefficient. Spearman’s 
Rank Correlation Test; *p<0.05, **p<0.01

4. DISCUSSION

The present study is the first study that investigated salivary 
IL-1β, IL-13, IL-21 and IL-33 levels in patients with stage III 
grade C periodontitis and healthy controls. Various cytokines 
have been studied in the literature to understand the host-
mediated nature of peridontitis. Although, periodontitis 
is diagnosed according to the clinical measurements and 
radiographic findings, these parameters do not provide 
information about disease activity and early diagnosis. Thus, 
it is important to explore a reliable biomarker of periodontal 
tissue destruction with high specificity, sensitivity and utility 
(40).

Periodontal diseases are associated with increased levels 
of particular pro-inflammatory cytokines in saliva due to 
repeated insult of dental biofilms (41-43). IL-1β is a pro-
inflammatory cytokine that involves in inflammation, immune 
regulation and bone resorption in periodontitis. Considered 
number of studies showed the well-established role of IL-1β 
in pathogenesis of periodontitis (6, 7). In line with earlier 

findings, the present study resulted in significantly higher 
salivary IL-1β levels in patients with periodontitis compared 
to healthy ones (6, 7). Furthermore, IL-1β is a strong 
biomarker in discriminating periodontitis patients from 
periodontally healthy individuals with its high AUC value 
(0.699). The positive relation between clinical parameters 
and IL-1β found in the present study supports the knowledge 
about the pathogenic role of IL-1β in periodontitis.

Levels of anti-inflammatory cytokines are expected to 
be lower in periodontitis than healthy individuals (10). 
Unexpectedly, in the present study, the salivary levels of IL-
13, an anti-inflammatory cytokine did not differ between 
groups. To our knowledge, there is no study available 
regarding to the salivary IL-13 levels in periodontal health or 
disease. Future studies are needed to better understand its 
role in periodontitis.

In an in vitro study, it was shown that IL-1β enhances Th2 
differentiation and IL-13 production (44). In accordance with 
this study, the positive relation was found between IL-1β 
and IL-13 in the present study. However, future studies are 
needed to establish the relationship.

IL-21 is a pro-inflammatory cytokine that affects the functions 
of various immune cells and exaggerates the host-immune 
response. It involves the development of Th17 cells and 
suppresses the Th2 cell differentiation and function (26, 45, 
46). Thus, IL-21 have a critical function in the pathogenesis 
of periodontal disease. The present findings demonstrated 
elevated salivary IL-21 levels in periodontitis compared to 
healthy individuals (p<0.001). In accordance with present 
results, several studies showed higher IL-21 levels in 
periodontitis (30, 46, 47). Similar to our findings, Lokhande 
et al. found higher serum and salivary IL-21 levels in patients 
with periodontitis than healthy controls (30). Dutzan et al. 
found overexpressed IL-21 in periodontitis-affected tissues 
than healthy ones (47). Since cytokines that highly expressed 
in gingival tissues during inflammation, are spilled over 
eventually to saliva, this finding may explain the higher 
salivary levels of this interleukin. On the other hand, a single 
study revealed similar IL-21 levels between periodontitis 
and healthy controls (31). Furthermore, the diagnostic 
accuracy of IL-21 was found to be good in the present 
study with its high AUC value (0.937). Thus, IL-21 can be an 
important mediator for periodontal disease. The positive and 
significant correlation between IL-21 and IL-1β levels seen 
here may be attributable to the fact that IL-21 upregulates 
the IL-1β expression and IL-1β stimulates IL-21 production, 
as mentioned earlier (27-29). Although, IL-1β is a well-known 
biomarker that differentiates health and disease, there are 
very limited data on the role of IL-21 in periodontitis. Our 
results demonstrated that IL-21 might be a crucial marker for 
the diagnosis of periodontitis similarly to IL-1β.

Early evidence demonstrated that IL-33 is released from 
damaged endothelial cells and functions as an alarmin. It 
induces the production of anti-inflammatory cytokines like 
IL-13 as a result of stimulating Th2 cells, but at the same 
time it increases mast cell degranulation and the synthesis 
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of pro-inflammatory cytokines such as IL-1β (32, 33). Results 
of the present study revealed similar salivary IL-33 levels in 
both healthy and periodontitis patients which is consistent 
with other studies by Saglam et al. (34) and Buduneli et al. 
(35). However, Gumus et al. found elevated salivary IL-33 
levels in periodontitis group compared to healthy individuals 
(31). Moreover, in an experimental animal study higher 
expression was found in periodontitis compared to healthy 
ones (48). Future studies are needed to understand its role 
in periodontitis.

There was a positive relation between IL-33 and IL-1β. The 
positive relation between salivary IL-33 and IL-1β levels 
supports the knowledge about the inductive effect of IL-33 
on mast cell degranulation and therefore, IL-1β production 
(33). Furthermore, we found positive relation between IL-
33 and IL-13. This finding may be explained by the inductive 
effect of IL-33 on Th2 cells and IL-13 mentioned before (32).

The limitations of the present study were investigation of the 
cytokines in a single body fluid and a cross-sectional study 
design.

5. CONCLUSIONS

In conclusion, IL-21 levels like IL-1β, were detected higher 
in the periodontitis patients than healthy ones suggesting a 
crucial role in periodontitis pathogenesis. Follow-up studies 
including different body fluids like GCF and/or serum, are 
needed to confirm that IL-21 could be used as a salivary 
biomarker of peridontitis.
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