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ABSTRACT 

Aim & Hypothesis: To compare the levels of IL-1β, IL-17, IL-36β, IL-37 and IL-

38 in gingival crevicular fluid (GCF) and saliva collected from periodontitis 

patients and healthy subjects. The hypothesis of the study was that the levels of IL-

1β, IL-17, IL-36β, IL-37 and IL-38 in GCF and saliva would be different in 

periodontitis patients compared to healthy subjects. 

Materials & Methods: In this cross-sectional study, clinical data, GCF and saliva 

samples were collected from 40 participants, divided into healthy and periodontitis 

groups based on specific selection criteria. The samples were analyzed by a blind 

assessor using Luminex multiplex technology to quantify the levels of IL-1β, IL-

17, IL-36β, IL-37, and IL-38. Statistical analyses included chi-square or Fisher's 

exact tests for categorical variables and t-tests or Mann-Whitney U tests for 

continuous variables. Generalized linear models (GLMs) adjusted for age, gender 

and calculated saliva weight, and generalized estimating equations (GEE) were 

used for correlated data. 

Results: GCF levels of IL-1β and IL-17, both amount and concentration, were 

significantly elevated in periodontitis patients (p < 0.001). Conversely, IL-36β 

concentration in GCF was reduced in periodontitis patients. Additionally, the 

concentrations of IL-37 and IL-38 in GCF were markedly lower in periodontitis 

patients (p=0.046, p=0.012 respectively). Salivary IL-1β concentration was also 
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significantly higher in periodontitis patients (p= 0.005). 

Conclusions: Our study supports our hypothesis that periodontitis patients have 

distinct IL-1β, IL-17, IL-36β, IL-37, and IL-38 GCF and salivary profiles 

compared to periodontally healthy subjects. Further studies are needed to confirm 

if IL-1β, IL-17, IL-36β, IL-37, and IL-38 can be used as diagnostic markers and 

therapeutic targets for periodontitis. 
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1.1 Periodontitis 

Periodontal disease is an infectious inflammatory disease of the periodontium associated 

with dental bacterial plaque and, if left untreated, can lead to tooth loss 1,2. The prevalence of 

periodontitis in US adults over the age of 30 is considered high, affecting (~46%) around 64.7 

million adults, categorizing periodontitis as the 6th most chronic human disease and a significant 

public health concern 3,4. Periodontitis is characterized by gingival inflammation, periodontal 

pocket depth (PD) formation, bleeding on probing (BOP), clinical attachment loss and alveolar 

bone resorption 5. Several factors contribute to the etiopathogenesis of periodontitis initiated by 

the accumulation of bacterial plaque that triggers the host immune/inflammatory response 

responsible for the periodontal tissue destruction 6,7. Innate immunity is the first line of host 

defense against periodontal pathogens that plays a crucial role in attempting to contain the 

periodontal infection or in propagating further periodontal tissue destruction. Its’ response to the 

pathogenic bacteria is facilitated by the local secretion of cytokines from several host immune 

cells such as macrophages, neutrophils, and lymphocytes8. Cytokines are known as low 

molecular weight proteins that function as inflammatory mediators and regulate the extent and 

the period of the host response 9. 

 Dysbiosis, also known as dysregulated host immune response or microbial community 

imbalance, can result in disruption within the periodontium that results in loss of the supporting 

bone and degraded extracellular matrix 10. Interleukin-1 (IL-1) Cytokine family has both pro-

inflammatory and anti-inflammatory properties. The pro-inflammatory ILs include IL-1a, IL-1b, 

IL-18, IL-33, IL-36, while the anti-inflammatory ILs include IL-1 receptor antagonist (IL-1Ra), 

IL-36Ra, IL-37, and IL-38 6. The destructive actions of the pro-inflammatory cytokines are 

supposed to be controlled by anti-inflammatory cytokines that attempt to reduce the progression 
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of periodontal disease11. The regulation of inflammatory mediators by endogenous mechanisms 

and the balance between pro- and anti-inflammatory mediators determines the severity of tissue 

destruction. 

IL-1beta (IL-1b), Tumor necrosis factor-a (TNF-a), IL-6, and Receptor activator of 

nuclear factor-kappa-Β ligand (RANKL) have the most substantial evidence among cytokines 

functioning in networks 12. The first cytokines involved in the early stages of the pathogenesis of 

periodontal disease are TNF-a, IL-1β, and IL-6. The alveolar bone destruction is the outcome of 

periodontal cells stimulated by the mediators of inflammatory cells to secrete matrix 

metalloproteinases (MMPs) that are proteolytic enzymes breaking down the connective tissue 

and contribute to bone loss. Prostaglandins (PGs) are lipid mediators of inflammation. The 

production of a potent alveolar bone resorption stimulator Prostaglandin E2 (PGE2) by 

periodontal ligament cells is enhanced by cytokines of the innate immune response including IL-

1β, TNF-a, and parathyroid hormone 13. According to the Seventh European Workshop on 

Periodontology Field Consensus, the Osteoprotegerin (OPG) to RANKL ratio (OPG/RANKL) 

seems to be a valuable biomarker test for bone loss 12. 

Periodontal disease diagnostic tests can be developed with the use of oral fluids, which 

are easily collected and contain locally and systemically derived biomarkers that may help 

develop tools for predicting the periodontal status of an individual 14,15. Gingival crevicular fluid 

(GCF) is an inflammatory exudate as well as a physiological fluid, and its composition includes 

tissue breakdown products, inflammatory mediators, and antibodies. The composition of GCF is 

used prospectively to identify subclinical changes, thus serving a diagnostic purpose 14.  
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 Saliva contains different biomolecules that aid in detecting early oral and systemic 

diseases, monitoring treatment outcomes and contributing to disease prognosis by developing 

distinct biomarkers. Different salivary biomarkers investigated in the oral, pancreatic, lung, and 

breast cancers reported having a potential for detecting cancer 16. In systemically healthy 

subjects, matrix metalloproteinase-8 (MMP-8), MMP-9, IL-1β, and IL-6 salivary biomarkers 

resulted in a good capability to identify periodontitis, as concluded in a recent systematic review 

17. Nevertheless, literature is limited on IL-1 family members in saliva and their role in 

periodontal disease. This could be due to the methodological challenges in detecting and 

quantifying these cytokines in saliva. 17 

 

1.2 IL-1b 

 IL-1b is a pro-inflammatory cytokine that plays a key role in periodontal tissue 

destruction 6. Monocytes/macrophages and dendritic cells (DCs) secrete IL-1b in response to 

other pro-inflammatory cytokines such as TNF-a and in response to several pathogen-associated 

molecular patterns (PAMPs). IL-1b activates IL-receptor, which will lead to the recruitment of 

other molecules and ultimately trigger a greater magnitude of inflammatory genes6,18. IL-1b has 

been considered a strong GCF biomarker for periodontitis severity, disease progression, adverse 

outcomes, and treatment 19. A systematic review by Stadler et al. aimed to compare the levels of 

Cytokines/Chemokines in GCF between chronic periodontitis and healthy patients. The pro-

inflammatory cytokines IL-1β, IL-6, interferon-gamma (IFN-γ), and monocyte chemoattractant 

protein-1 MCP-1/ CCL2 chemokine levels in GCF were significantly higher in patients with 

chronic periodontitis compared to healthy 20. IL-1b has a role in the differentiation of T cells to 
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the major source of IL-17, T helper-17 (Th17) cells, and Toll-like receptor ( TLR) activation, 

which will result in the IL-37 secretion 6,21. 

 

1.3 IL-17  

 IL-1 has a key role in the differentiation of T cells toward IL-17-producing cells that have 

an essential role in several inflammatory and autoimmune diseases 22. As a pro-inflammatory 

cytokine, IL-17 is critical in host defense against microbial infections and is found to be 

associated with many autoimmune disorders, metabolic disorders, and cancer 21. IL-17 was 

found to be higher in GCF and blood collected from periodontitis patients compared to healthy 

subjects and concluded its prominent role in periodontal inflammation 23. The role of salivary IL-

17 in periodontitis is still not well understood, as different studies show varying results regarding 

its levels in periodontitis patients compared to healthy subjects. The study by Vahabi et al found 

higher salivary IL-17 concentrations in healthy subjects compared to chronic periodontitis 

patients24. In contrast, another study by Yang et al found significantly higher levels of salivary 

IL-17 in periodontitis patients compared to healthy subjects25. 

 

1.4 IL-36b 

 IL-36 and its subfamily (IL-36α, IL-36β, IL-36γ, and IL-36Ra ) are pro-inflammatory 

cytokines mainly expressed by epithelial cells, fibroblasts, and keratinocytes. IL-36 cytokines 

have been investigated recently for their role in autoimmune diseases, including psoriasis, 

rheumatoid arthritis (RA), inflammatory bowel disease (IBS), systemic lupus erythematosus 

(SLE), neuromyelitis optica spectrum disorder, primary Sjögren’s syndrome (pSS), Myasthenia 

gravis and systemic sclerosis 26. They have a role in regulating the inflammation of the mucosa 
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and hemostasis by amplifying the production of antimicrobial peptides and cytokines 6. The first 

study demonstrated the presence of IL-36γ, IL-36β, and IL-33 in GCF samples done by Kurşunlu 

et al. 27. In this study, patients with generalized aggressive periodontitis had higher GCF levels of 

IL-36β than patients with chronic periodontitis. In contrast, gingivitis patients had similar IL-36β 

levels as healthy subjects, suggesting that increased GCF levels of IL-36β might be related to the 

severity of the periodontitis 27. More studies are needed to investigate the expression and 

secretion of IL-36 cytokines in GCF and saliva samples in periodontitis patients to better 

understand their role in the pathogenesis of periodontal diseases 6.  

 

1.5 IL-37 

 IL-37 is an anti-inflammatory cytokine produced by macrophages after IL-1b and 

transforming growth factor-b (TGF-b) activates Toll-like Receptors (TLRs). IL-37 inhibits IL-

18, a proinflammatory cytokine, from binding to IL-18Ra 6. It is considered unique because of 

its role in suppressing both innate and acquired immunity 28. Patients with inflammatory diseases 

such as SLE, IBS, psoriasis, atherosclerosis, pSS, and rheumatoid arthritis (RA) have increased 

IL-37 mRNA production. In contrast, the severity of certain diseases such as allergic rhinitis, 

asthma, and insulin resistance showed reduced levels of IL-37, which may reveal a failure in 

fighting inflammation 28.  

 A genome-wide association study investigated the role of IL-37 and revealed that the 

downgrade of IL-37 led to the upregulation of IL-1β highlighting the possible anti-inflammatory 

role of IL-37 in periodontitis 29. However, the role of IL-37 in its periodontal disease is still 

limited, and more studies are needed.  
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 Another study compared the levels of IL-37 in GCF, saliva, and plasma in healthy and 

periodontally diseased subjects 30; IL-37 was detected in all biofluids. However, the authors 

concluded that IL-37 is not a useful diagnostic marker for distinguishing periodontitis from 

health 30. There is limited evidence of the role of IL-37 in periodontal disease, and its’ role needs 

to be investigated further.  

 

1.6 IL-38  

 IL-38 is a newly discovered cytokine. It is secreted by various immune cells, mainly B 

cells, and expressed in the heart, thymus, kidney, and skin. Different expression levels of IL-38 

were found in different autoimmune diseases such as RA, SLE, psoriasis, and irritable bowel 

syndrome 31. IL-38 is similar to IL-36Ra, presenting its antagonistic effect through its binding to 

IL-36 Receptor. The dose-response curve of IL-38 is like that of IL-37. It was found that low 

levels of IL-38 have higher potency in blocking IL-17 candida-induced responses, while high 

levels of IL-38 increased IL-17 secretion, resembling IL-37 characteristics. The biology of IL-38 

is not yet meticulously comprehended 32. 

 The ability of IL-38 to inhibit the cell response of T helper 17 (Th17) was studied in 

Primary Sjogren’s Syndrome pathophysiology, knowing that pSS patients presented higher levels 

of IL-17 secreted from Th17.  The study involved collecting blood and saliva samples from 

minor salivary gland mononuclear cells of pSS patients and comparing them to controls. The 

results presented low IL-38 and higher Th17 cytokine expression in patients with pSS than 

controls in both serum samples, concluding the inhibition of Th17 response by IL-3833.  

The only study that investigated the role of IL-38 in oral fluids and serum was published 

recently 34. The authors concluded that IL-38 amount in GCF increases as the severity of 
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periodontitis increases and IL-38 could be possibly used to determine the activity of periodontal 

disease 34.  

The blood serum levels of IL-38 were higher in patients with untreated or early multiple 

sclerosis and systemic sclerosis than in treated patients and healthy participants in a sex-matched 

cross-sectional study 35. Further studies are needed to investigate the role of IL-38 cytokines in 

the pathogenesis of oral and periodontal diseases.  

 

1.7 GCF/Saliva Biomarkers and Periodontal Diseases 

 Current clinical diagnostic parameters for periodontitis include various periodontal 

measurements such as PD, BOP, clinical attachment level (CAL), plaque index (PI), and alveolar 

bone levels radiographically. However, all these periodontal measurements reflect historical 

activity of periodontitis but not current disease activity and they do not allow us to identify 

susceptible individuals who might be at risk of future periodontitis progression 36. Dental 

medicine needs a more precise diagnostic tool that acts as “point of care” and facilitates earlier 

diagnosis, accurate prognosis, and assessment of periodontal therapeutic outcomes. Identifying 

patients at risk for periodontal destruction progression is a challenge for clinicians, and 

developing a new periodontal diagnostic tool with biomarkers using GCF and saliva can 

facilitate earlier diagnosis and improve the management of periodontal disease37,38. 

 Kornman stated that stratifying patients into specific well-defined categories is the first 

step in personalized periodontal medicine 37. Identifying periodontitis biomarkers from an easily 

accessible diagnostic oral fluid has the benefit of distinguishing patients that require personalized 

preventive care and customized treatment protocol,leading to less invasive and lower-cost 
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treatments and enhancing the outcome by controlling the progression of the periodontal disease 

39.  

 

1.8 Aims and Hypotheses 

 The aim of this cross-sectional study was to compare the levels of IL-1β, IL-17, IL-36β, 

IL-37 and IL-38 in GCF and saliva collected from periodontitis patients and healthy subjects.  

 The hypothesis of the study was that the levels of IL-1β, IL-17, IL-36β, IL-37 and IL-38 

in GCF and saliva would be different in periodontitis patients compared to healthy subjects. 

Specifically, we hypothesize that the levels of IL-1β, IL-17, and IL-36β would be higher in 

periodontitis patients compared to healthy subjects and that the levels of IL-37 and IL-38 would 

be lower in periodontitis patients compared to healthy subjects.  



 10 

 

2. Materials and Methods 

2.1 Study population 

 We conducted a cross-sectional study involving 40 participants (n=40) divided equally 

into two groups (n=20 subjects/group): 20 periodontally healthy subjects (Group A) and 20 

periodontitis patients (Group B). Volunteers were recruited and enrolled from the Department of 

Periodontology and other clinics at Tufts University School of Dental Medicine. The study 

protocol was reviewed and approved by the Tufts University Health Sciences Institutional 

Review Board (IRB) prior to subjects’ enrollment (00002786).  

 

2.2 Inclusion and exclusion criteria 

We used the following criteria to enroll the study subject to all groups: 

1. Participants between the age of 18 – 75 years old.  

2. Having at least 20 natural teeth in their dentition – excluding third molars.  

3. In good systemic health.  

 

Specific inclusion criteria for the periodontitis group: 

1. BOP ≥ 20 % of probing sites. 

2. ≥ 5 teeth with at least one site each with PD ≥5 mm, CAL >3mm and BOP. 

3. Radiographic indication of interproximal bone loss >2mm, measured from the cemento-

enamel junction (CEJ) to the bone crest at sites with PD ≥5 mm and BOP. 
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Based on the new classification introduced by the American Academy of Periodontology 

(AAP) and the European Federation of Periodontology (EFP) in 2017, patients who are 

diagnosied with either Stage 3 or stage 4 periodontitis were enrolled in this study.40 

 

Specific inclusion criteria for the periodontally healthy group: 

1. BOP< 10% of the surfaces in total.  

2. Absence of PD > 4 mm. 

3. Absence of CAL > 4 mm.  

4. Radiographic evidence of interproximal bone level at a distance of ≤ 2 mm, measured 

from the CEJ to the bone crest. 

 

We also applied the following exclusion criteria: 

1. Systemic disease (self-reported) that has an impact on periodontal status (e.g., diabetes 

mellitus, HIV/AIDS, rheumatoid arthritis). 

2. Self-reported history of any autoimmune disease (e.g., pSS, SLE, psoriasis, IBS).  

3. Self-reported history of immunosuppressive chemotherapy or history of any disease 

known to severely compromise immune function (e.g., cytomegalovirus infection) within 

the last 5 years.  

4. Any acute intraoral infection (e.g., herpetic gingivostomatitis, herpangina, abscesses).  

5. Need for antibiotic premedication for routine dental procedures.  

6. Use of antibiotics within the last 3 months.  

7. Self-reported daily use of steroids or non-steroid anti-inflammatory therapy within the last 

3-months.  
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8. Patients who self-report pregnancy or lactation (to avoid any radiographs on pregnant 

women, also hormonal changes that can affect periodontal health and aggravate existing 

periodontal disease).  

9. Inability or unwillingness to sign an informed consent form. Evaluated by the PI/Co-Is. 

10. Current smokers.  

11. Previous periodontal treatment (even prophylaxis) in the past 3 months prior to the 

examination.  

12. Anything that would place the individual at increased risk or preclude the individual’s full 

compliance with or completion of the study at the discretion of the investigators. 

Evaluated by the PI/Co-Is. 

13. Non-English speakers. 

14. Pregnant individuals. 

 

Written informed consent was obtained from all participants after reviewing the study 

protocol in detail with each subject and giving them ample time to study and think, and answer 

any of their questions. 

 

2.3  Clinical examination 

2.3.1 Single-Visit Study (50-70 minutes): 

Informed consents were obtained by the investigator (PI/Co-Is). The subjects were asked to 

read the informed consent form (ICF), given ample time to have any questions answered, and 

then asked to sign the ICF. The subjects were given a copy of the ICF. The subjects were asked to 
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complete demographic information and a medical history. The subjects were asked about any 

family history of periodontitis. 

An oral exam, including evaluation of oral cavity soft and hard tissues, was completed 

following standard of care procedure in US dentistry using a mouth mirror and dental 

explorer/probe. Inclusion/exclusion criteria were evaluated. 

The study visit procedures and the estimated time of the single visit study are shown in Table 

1. The study schema is depicted in Figure 1.  

 

Table 1. The study visit procedure and the estimated time. 
 

 
 

                        Appointment 
Procedures 

Visit 1 Estimated time 

Informed Consent Form X 

30-40 minutes 
Demographics and medical history  X 
Evaluate eligibility and withdrawal criteria X 
Periodontal clinical examination and radiographical 
evaluation X 

Acquisition of Gingival crevicular fluid and saliva 
sample X 2-15 minutes 

Payment X 1 minute 
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Figure 1: Study Schema. 
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2.3.2 Periodontal clinical examination: 

Clinical parameters were recorded at the same visit by one experienced periodontal resident 

(RA) and verified by the PI at six periodontal sites (mesiobuccal, buccal, distobuccal, 

distolingual/distopalatal, lingual/palatal, and mesiolingual/mesiopalatal) of all teeth, excluding 

third molars.  

Parameters include the following: plaque index (PI), gingival index (GI), Bleeding on 

Probing (BOP) within 15 seconds, suppuration on probing within 15 seconds (SUB), and 

mobility (MOB) scored according to Table 2. Probing Depth (PD); Recession (REC); Clinical 

Attachment Level (CAL), were measured and recorded to the nearest millimeter (mm). 

Parameters were determined using a University of North Carolina periodontal probe (PCP-UNC 

15; Hu-Friedy Manufacturing Company, Chicago, III).  

 
Table 2. Scoring of indices. 

 0 1 
Plaque Index Plaque not present Plaque present 
Gingival Index Gingival redness not present Gingival redness present 
Bleeding on Probing No bleeding within 15 seconds of 

probing 
Bleeding within 15 seconds of 
probing 

Suppuration on Probing No suppuration within 15 seconds of 
probing 

Suppuration within 15 seconds of 
probing 

Mobility Not present Present 
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2.3.3 Radiographic evaluation: 

The same examiner (RA) who performed the clinical examination also conducted a 

radiographic evaluation of any interproximal bone loss for each patient based on radiographs that 

had  already been taken for each patient. In the case of absence of any radiographs exposed over 

12 months before, new radiographs were taken upon the discretion of the examiner. It was the 

study team’s clinical judgment that it is standard of care to use recent radiographs (no older than 

12 months) and to take new radiographs if recent ones do not exist and are necessary to verify 

our diagnosis and stored in a patient’s dental record. Any new radiographs taken for the research 

study were at no cost to the patient or the patient’s dental insurance. Only recent radiographs can 

provide high diagnostic quality for accuracy in the diagnosis of periodontal diseases, especially 

in distinguishing periodontitis from gingivitis (based on the presence/absence of interproximal 

bone loss). Clinical judgment was used as to the need for and type of radiographic images for 

evaluation and/or monitoring of periodontal disease.  

The above-mentioned clinical and radiographic examination is part of the standard 

comprehensive periodontal examination of any patient who is screened and treated in the 

Department of Periodontology or the Undergraduate Clinic at Tufts University School of Dental 

Medicine, Boston, MA, for accurate diagnosis of periodontal disease. The radiographs were 

taken as standard of care and added to the subjects’ dental records.  

During screening, subjects were asked to bring in existing radiographs that were less than 

one year old if they had them. If they were of good diagnostic quality, they were used. If not, 

new ones were taken following the standard of care (SOC) procedures outlined above.  

 Subjects were then divided into periodontally healthy or periodontitis subject groups 

following the above criteria.  
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2.4 Gingival crevicular fluid (GCF) sampling 

GCF samples were collected from two sites on two different teeth (one site from each 

tooth, N=2 GCF samples per subject) and pooled in the same Eppendorf tube that was coded and 

labeled.  

In healthy subjects, the GCF samples were randomly collected from one site on one 

maxillary posterior tooth (premolar/molar area) and one site on one mandibular posterior tooth 

(premolar/molar area).  

In periodontitis subjects, GCF samples were collected from two sites of two different 

teeth (one site from each tooth, N=2 GCF samples per subject), pooled in the same coded labeled 

Eppendorf tubes. The sites with the deepest PDs were selected; in cases of similar PDs, the most 

accessible site from posterior teeth (premolar/molar area) from the maxilla/mandible was 

selected.  

GCF sample collection started with removing first supragingival plaque with a curette. 

Then, the area was isolated with cotton rolls and air-dried. Periopaper strips (Periopaper, 

Interstate Drug Exchange, Amityville, NY, USA) were inserted gently 1-2 mm into the opening 

of the sulcus subgingivally and left in place for 30 seconds. Blood or saliva visibly contaminated 

periopaper was discarded following proper discarding procedures. GCF volume was determined 

from each periopaper strip using Periotron 8000 (Oraflow), which was calibrated based on 

protocol previously described 41. Referring to the standard calibration curve, the readings were 

converted to an actual volume (μl) by using the device’s software (Periotron MLCONVRT).  

Two periopaper strips (N=2 GCF samples per subject) were immediately placed in coded 

labeled Eppendorf tubes after measuring the GCF volume with Periotron device and stored at -80 

°C until they were transported to the Forsyth Institute for further laboratory cytokine analysis 
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(one transportation). Proper storage and handling procedures were followed by the study team as 

outlined in the IBC registration. A log (Excel Spreadsheet) of samples placed in the freezer was 

continuously updated by the study team 42. 

 

2.5 Saliva samples 

 

2.5.1 Saliva samples collection  

First, the samples’ vial weight (gm) was measured before and after saliva collection using 

Ohaus Adventurer SL Precision Balance with Round Draftshield (AS-153). The participants 

were asked to provide saliva samples. Unstimulated whole saliva with a sample volume range of 

1-5 ml was collected from all subjects by sitting quietly and drooling into a cup for 5 minutes 

after initial swallowing. Saliva samples vials were then placed in ice and transported to the PI’s 

laboratory for further centrifuging and processing. 

 

2.5.2 Saliva Samples Processing 

The samples were aliquoted into 1 ml solutions from the whole saliva collected placed in 

different Eppendorf tubes. Samples were centrifuged in coded labelled tubes, maintaining the 

temperature at 4°C for 20 min at a force of 12,000 relative centrifugal forces (rcf) using 

Eppendorf centrifuge 5415 D machine. The supernatant was transferred in new Eppendorf tubes 

with coded labels and stored in the PI’s laboratory freezer (-80 °C) until transported to the 

Forsyth Institute for further laboratory cytokine analysis. A log (Excel Spreadsheet) of samples 

placed in the freezer was updated continuously.  
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2.6 Cytokines Quantification 

Levels of IL-1β, IL-17, IL-36β, IL-37, and IL-38 were determined using a multiplexed 

sandwich immunoassay analysis performed by the Multiplex Core Facility at the Forsyth 

Institute (Cambridge, MA) based on the flowmetric LuminexTM xMAP technology. The kits 

used were Millipore Human High Sensitivity T Cell Panel (Millipore - HSTCMAG-28SK) and 

Millipore Human Cytokine/Chemokine IV Panel (Millipore - HCYP4MAG-64K-03).  GCF 

samples were vortexed and centrifuged at 14,500 g for 5 minutes. 

A 12.5 μL aliquot from each sample was combined with a 12.5 μL 1:500 dilution of a 

protease inhibitor cocktail (Millipore Corporation). The values were calculated to the final 

sample dilution. 

The saliva samples were liquified and centrifuged at 9300g for 5 minutes at room 

temperature. Salivary IL-1β, IL-17, IL-36β, IL-37 and IL-38 concentrations were analyzed using 

the LuminexTM xMAP technique at the Forsyth Institute (Cambridge, MA).  

The amount of a cytokine refers to the total quantity present in each sample of GCF, 

measured in picograms (pg). The concentration is the amount of the cytokine per unit volume, 

expressed in picogram per microliter (pg/μL) for GCF and picogram per milliliter (pg/mL) for 

salivary samples. The cytokine concentration provides information on the cytokine levels present 

in each volume.    

 The amount (pg) and concentrations of the cytokines from both GCF (pg/μl) and saliva 

(pg/mL) samples were recorded. GCF concentration was calculated by dividing the amount of 

each cytokine (pg) by the volume of each sample (μl). The laboratory technicians provided the 

results in an Excel sheet.  
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The Pro-inflammatory index is a measure used to assess the level of inflammatory 

mediators in a sample. It was calculated by adding the amounts (pg) of IL-1β, IL-17, and IL-36β, 

and then dividing this sum by the volume (µl for GCF and ml for saliva samples). This 

calculation gives the concentration of pro-inflammatory mediators in the sample.  The Anti-

inflammatory index, on the other hand, measures the concentration of anti-inflammatory 

mediators in a sample. It was calculated by adding the amounts (pg) of anti-inflammatory 

cytokines, IL-37 and IL-38, and then dividing this sum by the volume (µl of GCF and ml for 

saliva samples) .  

 Luminex technology utilizes fluorescently dyed microspheres that bind to specific 

antibodies targeting various cytokines, generating unique spectral signatures for each cytokine. 

Samples are analyzed using a flow cytometry-like system, where lasers excite the dyes, and the 

fluorescence intensity is measured to accurately quantify the cytokines 43. 

 

2.7 Statistical Analysis: 

 Based on data from previously published studies 27,30, a power calculation was performed 

using nQuery (nQuery Advisor, 7.0). For IL-37, a calculation was made assuming a Type I error 

rate of 5% and a Type II error rate of 20%. The assumed mean ± SD GCF concentration was 

19.86±16.02 pg/μl for healthy subjects, while the assumed mean ± SD IL-37 GCF concentration 

was 5.01±7.61 pg/μl for subjects with periodontitis. The minimum sample size was calculated to 

be 13 subjects per group for IL-37 30. 

For IL-36β, a sample size calculation was made assuming a Type I error rate of 5% and a 

Type II error rate of 20%. The assumed mean ± SD GCF concentration was 78.15±47.22 pg/μl 

for healthy subjects, and the assumed mean ± SD IL-36β GCF concentration was 35.16±25.21 
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pg/μl for subjects with periodontitis. The minimum sample size was calculated to be 14 subjects 

per group for IL-36β 27. 

To have a more robust sample for our study, the sample size was increased to 20 subjects 

per group for a total of 40 participants, which represents 94.99% and 92.62% power for IL-37 

and IL-36β, respectively. 

Demographic and clinical data were analyzed using counts and percentages for 

categorical variables and means, standard deviations (SDs), medians, and inter-quartile ranges 

(IQRs) for continuous variables. To compare two groups in terms of categorical variables, the 

chi-square test or Fisher's exact test was used. Depending on the assumption of normality (which 

was assessed using the Shapiro-Wilk test), the independent-samples t-test or Mann-Whitney U 

test was used to compare two groups in terms of continuous variables in analyses of independent 

data. Multivariable modeling was also conducted using generalized linear models (GLMs) to 

adjust for age, gender, and saliva weight; the Akaike information criterion (AIC) was used to 

specify the distribution family in the GLMs. For analyses with two sites per subject, generalized 

estimating equations (GEE) were used to account for the presence of correlated data within a 

subject. The Spearman correlation was used to evaluate associations between continuous 

variables. All tests of significance were two-sided, and the level of significance was set at 

p<0.05. The analysis was performed using SPSS 28 (IBM Corp., Armonk, NY, USA) and SAS 

9.4 (SAS Institute Inc., Cary, NC, USA).  

 

2.8 Data Imputation   

We used data imputation method to replace the missing values with one-fifth of the 

minimum detected value for each interleukin in order to address missing data. We used  a 
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recognized data imputation method commonly applied in proteomic analysis for datasets that 

include missing values 44. This common method ensures that imputed values are based on the 

minimum observed value and fall within the range of the dataset 45,46. 
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3. RESULTS 

3.1 Demographics and Clinical parameters  

Table 3. presents the mean demographic and clinical parameters for both study groups 

(healthy and periodontitis). Each group included 20 subjects. The mean ± SD age in the healthy 

group was 51.40±12.13 years, and the mean ± SD age in the periodontitis group was slightly 

lower, at 50.40±12.7 years. The difference in age between the two groups was not statistically 

significant (p= 0.801) as determined by the independent-samples t-test. 

 The majority of healthy patients were female (65%), while the majority of  periodontitis 

patients were male (55%). The groups had a similar mean number of missing teeth (1.45±1.80, 

1.45±2.00, respectively). The difference in gender distribution and the number of missing teeth 

was not statistically significant (p = 0.204 and p= 0.490, respectively) as determined by the chi-

square test for gender and the Mann-Whitney U test for number of missing teeth.  

 Significant differences were observed in all measured clinical parameters PD, CAL, BOP, 

PI, SUB, MOB between healthy and periodontitis patients determined by the Mann-Whitney U 

test.  

 PD and CAL were higher in the periodontitis group compared to the healthy group 

(p<0.001). There was a notable difference in PI, with healthy individuals at 16.18% compared to 

59.23% in the periodontitis group (p<0.001). 

 In the periodontitis group, BOP was significantly higher at 48.55% as compared to the 

healthy group’s 2.01% (p<0.001). No suppuration was found in the healthy group, but it was 

detected in 4.44% of cases from the periodontitis group (p<0.001). The rate of mobility rose 

significantly to 20.67% for the periodontitis group and was significantly different from that of 

healthy group which stood at 2.18% (p<0.001). 
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Ethnicity and race of the participants are summarized in Table 3. Overall, most of the 

participants were not Hispanic or Latino and identified as White in both groups. No individuals 

of Native Hawaiian/Pacific Islander or American Indian/Alaskan descent reported in either 

group. 
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Table 3. Demographic and clinical parameters for periodontally healthy and periodontitis 
subjects. 
 

Mean (± SD) 
Median (25th – 75th percentiles) Healthy (n = 20) Periodontitis (n = 20) P-value 

Age 51.40±12.13 
12.13(42.0-63.80) 

50.40±12.73 
50.50(42.25-59.50) 0.801a 

Gender  
% Male  (N) 35% (7) 55% (11) 

0.204b 
% Female (N) 65% (13) 45% (9) 

Number of missing teeth 1.45±1.80 
1.00(0.00-2.80) 

1.45±2.00 
0.00(0.00-3.50) 0.749c 

Probing depth (mm) 2.39±0.26 
2.42(2.22-2.54) 

3.69±0.84 
3.50(3.18-4.09) <0.001*c 

Clinical Attachement level (mm) 0.69±0.85 
0.20(0.036-1.21) 

3.76±1.66 
3.53(2.85-4.37) <0.001*c 

PI ( % ) 16.18±19.07 
11.80(0.00-25.90) 

59.23±35.95 
56.10(28.30-100) <0.001*c 

BOP ( % ) 2.01±2.40 
1.23(0.60-2.44) 

48.55±36.74 
44.20(17.04-83.66) <0.001*c 

Suppuration ( % ) 0.00 
0.00 

4.44±9.23 
0.30(0.00-6.10) <0.001*c 

MOB ( % ) 2.18±7.25 
0.00 

20.67±21.50 
14.60(0.90-32.14) <0.001*c 

 
% Ethnicity (N) Total P-value 

Not Hispanic or Latino 90% (18) 80% (16) 85% ( 34) 
0.695d Hispanic or Latino 5% (1) 10% (2) 7.5% (3) 

Unknown/Not reported 5% (1) 10% (2) 7.5% (3) 
% Race (N) 

White 65% (13) 50% (10) 57.5% (23) 

0.088d 

Black/African American 0% 25% (5) 12.5% (5) 
Native Hawaiian/Pacific 

Islander 0% 0% 0% 

American Indian/Alaskan 0% 0% 0% 
Asian 20%(4) 15%(3) 17.5%(7) 

Multiple 0% 5.0% (1) 2.5%(1) 
Don’t Know 0% 0% 0% 

No Answer/Other 15%(3) 5.0% (1) 10% (4) 
 

* Statistically significant difference (P < .05). 

a Determined by Independent-samples t-test. 

b Determined by Chi-square test. 

c Determined by Mann-Whitney U test. 

d Determined by Fisher's exact test. 
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3.2 Data for groups of sites of GCF collection 

The clinical parameters of sites used for GCF sampling for healthy and periodontitis 

patients are displayed in Table 4.  Fourty-two samples were collected from the maxillary arch 

and 38 samples were collected from the mandibular arch following our previously described 

methodology.  

 Probing depths mean ± SD PD between healthy groups' sites was 2.85±0.36 mm, while in 

periodontitis sites mean ± SD PD was 7.57±1.44 mm. For sites with periodontitis, mean ± SD 

CAL was 7.90±2.19 mm, while in healthy group mean ± SD CAL was 0.57±1.15 mm. 

 Sites of GCF collection in healthy subjects had 25% PI, while in periodontitis patients PI 

was higher and scored 70%. BOP was 100% for periodontitis patients and 0% in healthy ones 

No suppuration was noted in healthy subjects, while 10% of sites had suppuration among 

periodontitis patients. Mobility was also not found among sites of GCF collection in healthy 

subjects, while 30% of sites of GCF collection in periodontitis patients displayed mobility 

Statistically significant differences were found across all parameters between sites of 

GCF collection in healthy and periodontitis patients. The p-values for PD, CAL, and % BOP 

were found to be less than 0.0001, while the p-value for PI was 0.005, as determined by 

generalized estimating equations (GEE). 
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Table 4. Clinical parameters for all groups of sites of GCF. 
 

 Healthy (n = 20) Periodontitis (n = 20) Total 
Arch:    

Maxillary 
Mandibular 

20 22 42 
20 18 38 

 P- Value 

PD (mm) 
Mean (SD) 2.85±0.36  7.57±1.44 

<0.001*a 
Median (25th - 75th percentiles) 3.00 (3.00-3.00) 7.00 (6.00-9.00) 

CAL (mm) 
Mean (SD) 0.57±1.15 7.90±2.19 

<0.001*a 
Median (25th - 75th percentiles) 0.00 (0.00-0.75) 8.00 (6.00-9.75) 

PI ( % ) 25% 70% 0.005*a 
BOP ( % ) 0% 100% <0.001*a 

Suppuration ( % ) 0% 10% <0.001*a 
MOB ( % ) 0% 30% <0.001*a 

 

* Statistically significant difference (P < .05). 

a Determined by Generalized estimating equations (GEE)  

 
 
3.3 Data for GCF volume  

The GCF volume measurements for the two groups are shown in Table 5. For healthy 

subjects, the mean ± SD GCF volume was 1.21±0.58 ul. For periodontitis patients, the mean ± 

SD GCF volume was 2.11±0.5 ul. The difference in GCF volume between healthy individuals 

and those with periodontitis was statistically significant (p<0.001) as determined by the Mann-

Whitney U test. Figure 2 depicts GCF volume levels in both studied groups.  
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Table 5. GCF volume mean levels ±SD for all groups of GCF collection. 
 

 Healthy (n = 20) Periodontitis (n = 20) P-value 
GCF volume    

Mean ± SD 1.20±0.58 2.11±0.50 
<0.001*c 

Median (25th - 75th percentiles) 1.00 (0.73-1.70) 2.31 (1.80-2.50) 
 

* Statistically significant difference (P < .05). 

c Determined by Mann-Whitney U test. 

 
 
Figure 2. Box-plot of GCF volume of healthy and periodontitis subjects. 
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3.4 Frequency of detection of inflammatory cytokines 

The percentage of sites testing positive for detection of IL-1β, IL-17, IL-36β, IL-37β, and IL-

38 in GCF and saliva between healthy individuals and periodontitis patients are shown in Tables 

6 and 7 along with their associated p-values determined with Fisher's exact test. Figures 3 and 4 

are bar charts illustrating the frequency of detection in both studied groups.  

• GCF 

IL-1β and IL-36β were positive in all GCF samples (100%) in both the healthy and 

periodontitis groups. IL-17 was detected in only 50% of the healthy group's GCF samples 

compared to 100% detection in periodontitis patients (p<0.001). IL-37 was detected in 95% of 

both the healthy and periodontitis groups, with no statistically significant difference (p=1.000). 

IL-38 was detected in 85% of the sites of GCF samples in healthy subjects, while in a lower 

number of samples (60%) in GCF samples of periodontitis patients (p=0.150).  

• Saliva 

IL-1β and IL-36β were detected in all healthy and periodontitis patients (100%), similar 

to GCF samples’ frequency detection. IL-17 had a low detection frequency of only 20% in both 

the healthy and periodontitis groups.  

IL-37 was found in a high frequency of detection (95%) in both the healthy and periodontitis 

groups. IL-38 was detected in 50% of salivary samples in periodontitis patients but more 

frequently in saliva of healthy subjects (75%) following a similar trend as in GCF detection. No 

statistically significant difference was found in the detection frequency of inflammatory 

cytokines in saliva between healthy and periodontitis patients. 
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Since the detection frequency of IL-17, IL-37, and IL-38 were not 100% in GCF and 

saliva, we used data imputation method  by replacing the missing values with 1/5 of the 

minimum detected level of each interleukin. 
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Table 6: Frequency of detection of IL-1β, IL-17, IL-36β, IL-37, IL-38 in GCF. 
 
% sites (N) positive for Healthy (n = 20) Periodontitis (n = 20) P-Value 

IL-1β 100% (20) 100% (20) 1.000d 
IL-17 50% (10) 100% (20) <0.001*d 

IL-36β 100% (20) 100% (20) 1.000d 
IL-37 95% (19) 95% (19) 1.000d 
IL-38 85% (17) 60% (12) 0.150d 

 

* Statistically significant difference (P < .05). 

d Determined by Fisher's exact test. 

 
 
Table 7: Frequency of detection of IL-1β, IL-17, IL-36β, IL-37, IL-38 in Saliva. 
 
% sites (N) positive for Healthy (n = 20) Periodontitis (n = 20) P-Value 

IL-1β 100% (20) 100% (20) 1.000d 
IL-17 20% (4) 20% (4) 1.000d 

IL-36β 100% (20) 100% (20) 1.000d 
IL-37 95% (19) 95% (19) 1.000d 
IL-38 75% (15) 50% (10) 0.190d 

 

* Statistically significant difference (P < .05). 

d Determined by Fisher's exact test. 
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Figure 3: Bar chart of frequency of detection of IL-1β, IL-17, IL-36β, IL-37, IL-38 in GCF. 
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Figure 4: Bar chart of frequency of detection of IL-1β, IL-17, IL-36β, IL-37, IL-38 in saliva. 
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3.5 Inflammatory Mediators’ Levels in GCF 

 Tables 8 and 9 present the levels of inflammatory mediators in GCF samples (amount and 

concentration) collected from both groups (healthy and periodontitis). Figures 5 and 6 are bar 

charts depicting the amounts and concentrations of interleukins in both groups. For  IL-1β, IL-

17, IL-37, and IL-38 amount and concentration data the Shapiro-Wilk test indicated that the data 

did not follow a normal distribution. Therefore, the Mann-Whitney U test was used to assess 

statistical significance between the two groups. Regarding IL-36β concentration, the Shapiro-

Wilk test indicated that our data did not follow a normal distribution. Therefore, the Mann-

Whitney U test was used to assess statistical significance between the two groups. IL-36β 

amount data did not exhibit evidence of non-normality after conducting the Shapiro-Wilk test 

and an independent-samples t-test was accordingly used. 

 

• Amount (pg) of inflammatory mediators in GCF 

We first compared the amount levels of inflammatory mediators between healthy and 

periodontitis patients without adjusting covariates (age and gender). IL-1β and IL-17 amount 

(pg) were significantly higher in periodontitis patients compared to healthy subjects (p <0.001). 

IL-36β amount levels were higher in the periodontitis group compared to the healthy group. IL-

37 amount levels were higher in healthy subjects compared to periodontitis patients, while IL-38 

showed similar levels in both groups. For IL-36β, IL-37, and IL-38 there was no significant 

difference in GCF amount between the healthy and periodontitis groups.  

There was no difference for amount levels of inflammatory mediators in GCF when we 

adjusted for age and gender compared to the results before adjusting for the covariates (age and 

gender). 
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• Concentration levels (pg/ul) of inflammatory mediators in GCF 

 The concentration was calculated by dividing the amount (pg) of each sample by GCF 

volume (ul).  

GCF concentration of IL-1β and IL-17 was significantly higher in periodontitis subjects 

compared to healthy subjects (p<0.001). These differences also remained significant after 

adjustment for gender and age (p<0.001 and p=0.002, respectively). 

IL-36β showed a significantly higher GCF concentration in healthy subjects compared to 

periodontitis patients (p=0.049). However, the difference for IL-36β did not remain significant 

after adjusting for age and gender (p =0.088). 

GCF concentration of IL-37 was significantly higher in healthy individuals compared to 

periodontitis patients (p=0.046; p=0.017 after adjustment). 

IL-38 concentration was significantly higher in healthy individuals compared to 

periodontitis patients (p=0.012), which remained significant after adjusting for age and gender (p 

= 0.011).  

GCF concentrations of all interleukins in both healthy and periodontitis patients are 

illustrated in box-plots seen in Figure 7.  
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Table 8: GCF amount (pg) of IL-1β, IL-17, IL-36β, IL-37, IL-38.  
 
Interleukin  Healthy Periodontitis P-value 

IL-1β 
Mean (SD) 44.20±59.06 383.22±388.8 <0.001*a 

Median (25th - 75th percentiles) 20.02 (5.88-49.41) 284.8 (159.59-449.09) <0.001*b 

IL-17 
Mean (SD) 0.42±0.50 2.75±1.84 <0.001*a 

Median (25th - 75th percentiles) 0.19 (0.058-0.67) 2.50 (1.11-3.92) <0.001*b 

IL-36β 
Mean (SD) 184.45±89.28 224.18±99.08 0.191a 

Median  (25th - 75th percentiles) 174.82 (121.1-212.2) 219.8 (132.79-304.31) 0.157b 

IL-37 
Mean (SD) 62.63±70.06 57.93±52.16 0.889a 

Median (25th - 75th percentiles) 49.8 (22.91-72.82) 40.05 (20.48-88.73) 0.455b 

IL-38 
Mean (SD) 10.77 ± 6.94 11.36 ±12.17 0.611a 

Median (25th - 75th percentiles) 10.58 (6.33-15.2) 7.76 (0.78-20.2) 0.269b 
 

* Statistically significant difference (P < .05). 

a Determined by Mann-Whitney U test 

b Adjusted for age and gender 
 
 
Figure 5: Bar chart of amount (pg) of IL-1β, IL-17, IL-36β, IL-37, IL-38 in GCF of healthy and 
periodontitis subjects.  
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Table 9: GCF concentrations (pg/µl) of IL-1β, IL-17, IL-36β, IL-37, IL-38. 
 
Interleukin  Healthy Periodontitis P-value 

IL-1β 
Mean (SD) 37.69±49.49 183.70±173.29 <0.001*a 

Median  (25th - 75th percentiles) 18.51 (4.64-54.63) 132.01 (73.30-244.47) <0.001*a 

IL-17 
Mean (SD) 0.455±0.62 1.34 ±0.89 <0.001*a 

Median  (25th - 75th percentiles) 0.23 (0.47-0.67) 1.24 (1.24-2.05) 0.002*b 

IL-36β 
Mean (SD) 182.86 ± 117.79 124.94±96.90 0.049*a 

Median  (25th - 75th percentiles) 158(93.80-244.18) 89.8(58.87-159.86) 0.088b 

IL-37 
Mean (SD) 60.69±75.63 30.16±31.06 0.046*a 

Median (25th - 75th percentiles) 37.44 (24.55-55.01 18.14 (10.58-46.18) 0.017*b 

IL-38 
Mean (SD) 10.54 ±7.90 4.99±4.91 0.012*a 

Median (25th - 75th percentiles) 8.66 (4.93-13.99) 3.93 ( 0.43-8.60) 0.011*b 
 

* Statistically significant difference (P < .05). 

a Determined by Mann-Whitney U test 

b Adjusted for age and gender 
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Figure 6: Bar chart of concentrations (pg/ µl) of IL-1β, IL-17, IL-36β, IL-37, IL-38 in GCF of 
healthy and periodontitis subjects.  
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Figure 7: Box-plot of GCF concentrations (pg/ µl) of IL-1β, IL-17, IL-36β, IL-37, IL-38 in GCF 
of healthy and periodontitis subjects.  
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3.6 Pro-inflammatory and Anti-inflammatory index in GCF 

The results of the pro-inflammatory and anti-inflammatory indices in GCF are shown in 

Table 10.  

The pro-inflammatory and anti-inflammatory index ratios in GCF are depicted in Figure 

7. There was a statistically significant difference in the pro-inflammatory and anti-inflammatory 

indices between healthy and periodontitis patients (p= 0.006). 

The results suggest a significant increase in pro-inflammatory mediators which are IL-1b 

IL-17 and IL-36b and a significant decrease in anti-inflammatory mediators IL-37 and IL-38 in 

periodontitis patients compared to healthy subjects in GCF. 

Figures 8 and 9 illustrate the pro-inflammatory and anti-inflammatory indices by group.  

 

Table 10: GCF levels of  Pro-inflammatory interleukins (IL-1β, IL-17, IL-36β) and Anti-
inflammatory interleukins (IL-37, IL-38) in (pg/µl). 
 

Index  Healthy (n=20) Periodontitis  (n=20) P-value 

Pro-inflammatory (pg/µl) 
Mean ± SD 5.53±4.80 20.23±23.55 

0.006*a Median  
(25th - 75th percentiles) 3.90 (2.14-8.20) 11.16 (4.22-23.43) 

Anti-inflammatory 
(pg/µl) 

Mean ± SD 0.46±0.59 0.16±0.18 
0.006*a Median  

(25th - 75th percentiles) 0.25 (0.12-0.46) 0.09 (0.04-0.23) 
 

* Statistically significant difference (P < .05). 

a Determined by Mann-Whitney U test 
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Figure 8: Pie-chart of pro-inflammatory index and anti-inflammatory index ratios in GCF of 
healthy and periodontitis subjects.  
 
 

 
 
 
 
Figure 9: Box-plot of  pro-inflammatory index and anti-inflammatory index ratios in GCF of 
healthy and periodontitis subjects. 
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3.7. Association between frequency of detection of interleukins in GCF with 

GCF volume and mean PD of sites of sample collection 

 
Table 11 summarizes the results of the association analysis between frequency of 

detection of interleukins in GCF and GCF volume (µl) and mean PD of the site where GCF was 

collected. 

Given that IL-1β and IL-36 had 100% frequency detection rates, no variability in the 

detection was found across the samples. The statistical analysis to explore relationships of the 

detection of IL-1β and IL-36 with volume and mean PD would not be informative.  

For IL-17 our data showed a significant association with mean PD (p < 0.001), but a non-

significant association with GCF volume.  

The association between IL-37 and IL-38 levels with both volume and mean PD, were 

not statistically significant. 
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Table 11: Association between frequency of detection of interleukins in GCF with GCF volume 
(µl) and  PD of site of sample collection. 
 

Interleukine  Detected Not detected P 

IL-17 

N 30 10 

0.129a 
Volume (µl)   
Mean (SD) 1.74±0.67 1.37±0.64 

Median (25th - 75th percentiles) 1.80 (1.12-2.60) 1.16 (0.80-1.10) 
Mean PD    
Mean (SD) 6.00±6.50 5.85±0.24 

<0.001*a 
Median (25th - 75th percentiles) 6.50 (3.00-8.13) 3.00 (2.50-3.00) 

IL-37 

N 38 2 

0.908a 
Volume (µl)   
Mean (SD) 1.70±0.68 1.64±0.84 

Median (25th - 75th percentiles) 1.64 (0.10-42.50) 0.90 (1.04-2.70) 
Mean PD   

0.864a Mean (SD) 5.20±2.52 5.50±4.94 
Median (25th - 75th percentiles) 4.30 (3.00-7.12) 5.00 (NA) 

IL-38 

N 29 11 

0.440a 
Volume (µl)   
Mean (SD) 1.60±0.72 1.80±0.58 

Median (25th - 75th percentiles) 1.67 (0.90-2.40) 1.81 (1.20-2.23) 
Mean PD   

0.104a Mean (SD) 4.80±2.52 6.40±2.50 
Median (25th - 75th percentiles) 3.00 (3.00-7.00) 7.00 (3.00-9.00) 

 

* Statistically significant difference (P < .05). 

a Determined by Mann-Whitney U test 

e This test could not be conducted for IL-1b and IL-36b as they exhibited 100% detection. 

NA The interquartile range could not be determined because the sample size is low.
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 3.8. Correlation of GCF amount of interleukins with GCF volume and mean 

PD of sites of sample collection 

 

The correlation results of GCF amount of interleukins with GCF volume and with mean 

PD of sites of sample collection are shown in Table 12.  

GCF amount of IL-1β and IL-17 showed a moderate positive correlation with GCF 

volume and a strong positive correlation with mean PD. Both correlations were statistically 

significant (p <0.001). 

GCF amount of IL-36β, IL-37 and IL-38 did not did not show any significant correlation 

with either GCF volume or mean PD of sites of sample collection.  

 
 
Table 12: Spearman’s correlation coefficient between GCF interleukins amount (pg) with GCF 
volume (µl) and mean PD of sites of sample collection. 
 

Interleukin  Volume (µl) Mean PD 

IL-1β 
rho 0.559 0.747 

p-value <0.001* <0.001* 

IL-17 
rho 0.519 0.725 

p-value <0.001* <0.001* 

IL-36 
rho 0.065 0.189 

p-value 0.680 0.240 

IL-37 
rho 0.010 -0.025 

p-value 0.950 0.917 

IL-38 
rho 0.182 -0.066 

p-value 0.260 0.685 
 

* Statistically significant difference (P < .05). 
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3.9 Correlation of GCF concentration of interleukins with GCF volume and 

mean PD of sites of sample collection 

Table 13 shows the results of the correlational analysis between GCF interleukins 

concentration (pg/µl) with GCF volume (µl) and with mean PD of sites of sample collection. 

GCF concentration of IL-1β showed a moderate positive correlation with GCF volume 

and with mean PD of sites of sample collection. Both correlations were statistically significant (p 

<0.001). 

 GCF concentration of IL-17 showed a weak positive correlation with GCF volume that 

was not statistically significant but a moderate significant correlation with mean PD of sites of 

sample collection (p<0.001).  

GCF concentration of IL-36β showed a statistically significant negative correlation with 

both GCF volume and mean PD of sites of sample collection (p<0.001, p=0.030 respectively).  

GCF concentration of IL-37 and IL-38 showed a statistically significant negative 

correlation with both GCF volume and mean PD of sites of sample collection (p<0.05).  
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Table 13: Spearman’s correlation coefficient between GCF interleukins concentration (pg/µl) 
with GCF volume (µl) and with mean PD of sites of sample collection. 
 

Interleukin  Volume (µl) Mean PD 

IL-1β 
rho 0.388 0.658 

p-value 0.013* <0.001* 

IL-17 
rho 0.196 0.576 

p-value 0.226 <0.001* 

IL-36 
rho -0.701 -0.344 

p-value <0.001* 0.03* 

IL-37 
rho -0.437 -0.430 

p-value 0.005* 0.006* 

IL-38 
rho -0.322 -0.376 

p-value 0.042* 0.017* 
 

* Statistically significant difference (P < .05). 

 
 
3.10 Correlation between GCF interleukins  
 

Table 14 presents the results regarding the Spearman's correlation coefficients among 

GCF interleukins. It was observed that IL-17 showed a strong positive correlation with IL-1β, 

with a coefficient of 0.77 (p< 0.001). No other significant correlations were observed between 

IL-1β and any the other interleukins.  
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Table 14: Spearman’s correlation coefficient between GCF interleukins.  
 

Interluekin IL-1B IL-17 IL-36B IL-37 IL-38 

IL-1β 
rho 1 0.77 -0.096 -0.265 -0.264 

p-value - <0.001 0.555 0.098 0.099 

IL-17 
rho 0.77 1 0.097 -0.335 -0.26 

p-value <0.001 - 0.552 0.035 0.105 

IL-36β 
rho -0.096 0.097 1 0.204 0.162 

p-value 0.555 0.552 - 0.207 0.317 

IL-37 
rho -0.265 -0.335 0.204 1 0.261 

p-value 0.098 0.035 0.207 - 0.103 

IL-38 
rho -0.264 -0.26 0.162 0.261 1 

p-value 0.099 0.105 0.317 0.103 - 
* Statistically significant difference (P < .05). 

 
 
 
3.11 Concentration of Interleukins in Saliva 

 The concentration was calculated by dividing the amount (pg) by saliva volume (ml). 

Table 15 presents the concentrations values of interleukins in saliva of the healthy and 

periodontitis groups as well as the p-values before and after adjustment for age, gender and 

saliva weight using the nonparametric Mann-Whitney U test and generalized linear model 

analysis accordingly.  

IL-1β levels were significantly different between the groups, with periodontitis patients 

showing higher mean±SD salivary levels (45.70±70.13 pg/mL) compared to healthy individuals 

(17.91±28.2 pg/mL). This difference was significant after adjusting for age and gender (p= 

0.029) and when adjusting for age, gender, and saliva weight (p= 0.005). 

Due to low frequency of detection of IL-17 in saliva, only descriptive analysis was 

performed showing that the healthy group had mean±SD IL-17 concentration of 0.80±2.20 
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pg/mL, while the periodontitis group showed a mean±SD of 0.14±0.41 pg/mL. No comparisons 

between the healthy and periodontitis groups for salivary levels of IL-17 were conducted.  

IL-36β also showed higher salivary concentration in periodontitis patients compared to 

healthy subjects, but the difference was not statistically significant even after adjustment for the 

saliva weight (p=0.410). 

  IL-37 salivary levels were higher in healthy subjects compared to periodontitis patients, 

but this difference was not statistically significant before and after the adjustments.  

IL-38 salivary concentrations were higher in healthy subjects than in periodontitis 

patients without any significant difference before and after the adjustments.  

The concentration of interleukins in saliva in the healthy and periodontitis groups is also 

illustrated in Figure 10.  
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Table 15: Salivary concentrations (pg/ml) of IL-1β, IL-17, IL-36β, IL-37, IL-38. 
 
Interleukin  Healthy Periodontitis P-value 

IL-1β 
Mean (SD) 17.91±28.2 45.70±70.13 0.052a 

0.0290*b 
0.005*c 

Median 
(25th - 75th percentiles) 2.20 (0.60-26.04) 6.90 (2.92-81.6) 

IL-17 
Mean (SD) 0.80±2.20 0.14±0.41 

 Median 
(25th - 75th percentiles) 0 0 

IL-36β 
Mean (SD) 653.4±466.8 691.40±455.04 0.620a 

0.530b 
0.410c 

Median 
(25th - 75th percentiles) 612.6 (277.50-989.40) 594.8 (352.83-838.32) 

IL-37 
Mean (SD) 44.61±55.8 28.41±40.06 0.607a 

0.418b 
0.412c 

Median 
(25th - 75th percentiles) 21.94 (3.26-75.1) 10.2 (4.32-43.91) 

IL-38 
Mean (SD) 41.20±48.30 24.61±39.30 0.106a 

0.139b 
0.092c 

Median 
(25th - 75th percentiles) 24.3 (0.77-70.91) 5.90 (0.38-38.91) 

 

* Statistically significant difference (P < .05). 

a Determined by Mann-Whitney U test. 

b Adjusted for age and gender. 

c Adjusted for age and gender and saliva weight. 
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Figure 10: Bar chart of concentrations (pg/ml) of IL-1β, IL-17, IL-36β, IL-37, and IL-38 in the 
saliva of periodontitis patients and healthy subjects. 
   
 

 
 
 
 
 
3.12.  Pro-inflammatory and Anti-inflammatory index in saliva 

 Table 16 shows the results of the pro-inflammatory and anti-inflammatory index in saliva 

that were calculated in the same manner as described earlier in GCF (3.7). The mean salivary 

levels of pro-inflammatory interleukins were higher in periodontitis patients compared to healthy 

subjects, but the difference was not statistically significant (p=0.068). 
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Salivary levels of anti-inflammatory interleukins were higher in healthy subjects compared to the 

periodontitis patients but not statistically significant (p=0.068). Figure 11 presents pie-charts 

depicting the results, and Figure 12 shows box-plots of the indexes.   

 
 
Table 16: Salivary Concentrations of Pro-inflammatory interleukins (IL-1β, IL-17, IL-36β) and 
Anti-inflammatory interleukins (IL-37, IL-38). 
 
 

Index  Healthy (n=20) Periodontitis  (n=20) P-value 

Pro-inflammatory 
Mean ± SD 38.2±98.12 100.5±303.11 

0.068a Median 
(25th - 75th percentiles) 9.10 (4.60-16.6) 26.53 (5.93-48.61) 

Anti-inflammatory 
Mean ± SD 0.27±0.55 0.103±0.144 

0.068a Median 
(25th - 75th percentiles) 0.10 (0.06-0.22) 0.037 (0.02-0.16) 

 

* Statistically significant difference (P < .05). 

a Determined by Mann-Whitney U test. 

 
 
 
Figure 11: Pie-charts of Pro-inflammatory index and Anti-inflammatory index ratios in the saliva 
of healthy and periodontitis subjects.  
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Figure 12: Box-plots of Pro-inflammatory index and Anti-inflammatory Index ratios in the saliva 
of healthy and periodontitis subjects. 
 
 
 

 
 
 

3.13. Association between Salivary weight and Frequency of detection of 

Interleukins  

Table 17 presents the results of the association analysis between calculated salivary 

weight and the detection frequency of the investigated interleukins. 

The association between saliva weight and IL-1β and IL-36β was not calculated since 

both interleukins were detected in 100% of salivary samples, leaving no variability in detection 

frequency to correlate with saliva weight.  
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There was a statistically significant association between saliva weight and IL-17 (p= 

0.018). All other interleukins did not show any significant correlations with saliva weight. 

 

Table 17: Association between calculated saliva weight and detection frequency. 
 
Interleukine Calculated saliva weight Detected Not detected P 

IL-17 
N 8 32 

0.018*a Mean (SD) 3.04±1.20 5.90±3.23 
Median (25th - 75th percentiles) 3.01 (2.03-4.30) 4.30 (3.60-8.12) 

IL-37 
N 38 2 

0.974a Mean (SD) 5.01±3.05 6.30±5.29 
Median (25th - 75th percentiles) 4.06 (3.50-5.01) 6.30 (NA) 

IL-38 
N 25 15 

0.639a Mean (SD) 4.98±3.22 5.23±3.01 
Median (25th - 75th percentiles) 10.37 (3.27-6.40) 4.50 (3.40-5.21) 

 

* Statistically significant difference (P < .05). 

a Determined by Mann-Whitney U test 

e This test could not be conducted for IL-1b and IL-36b as they exhibited 100% detection. 

NA The interquartile range could not be determined because the sample size is low. 



 54 

 
3.14 Correlation between Salivary Levels of Interleukins and Salivary Weight 

 Table 18 focuses on the correlation between salivary weight and salivary concentration 

of interleukins.  

There was a significant negative correlation between IL-17 concentration and the weight 

of saliva (rho=-0.348; p=0.028). The correlations between IL-1β, IL-36β, IL-37, and IL-38 and 

salivary weight were not statistically significant. 

 

Table 18: Spearman’s correlation coefficient between salivary levels of interleukins (pg/ml) and 
salivary weight. 
 

Calculated saliva weight 

Interleukins IL-1β IL-17 IL-36β IL-37 IL-38 

rho -0.251 -0.348 -0.250 -0.095 0.138 

p-value 0.118 0.028* 0.120 0.562 0.394 
 

* Statistically significant difference (P < .05). 

 
 
3.15 Correlation between Saliva and GCF cytokines concentrations  

Table 19 presents the Spearman’s correlation coefficients and the p-values for the 

relationship between cytokines’ concentrations in saliva and GCF.  

IL-1β in saliva showed a strong and statistically significant correlation with IL-1β in GCF 

with a correlation coefficient of 0.574 and a p-value <0.001. Similarly, IL-38 demonstrated a 

significant positive correlation, with a coefficient of 0.536 and a p-value <0.001. In contrast, IL-

17 and IL-36β did not show significant correlations between saliva and GCF, with coefficients of 

0.067 and 0.051 and p-values of 0.681 and 0.754 respectively. IL-37 presented a slight negative 

correlation between saliva and GCF; however, the correlation was not statistically significant, 
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with a coefficient of -0.037, and a p-value of 0.821. These results suggest a variable association 

between specific inflammatory mediators in saliva and GCF.  

 
Table 19: Spearman’s correlation coefficient between calculated interleukins concentration 
levels in Saliva (pg/ml) and GCF (pg/µl). 
 

Saliva mediators GCF mediators Correlation Coefficient P-value 
IL-1β IL-1B 0.574 <0.001* 
IL-17 IL-17 0.067 0.681 

IL-36β IL36b 0.051 0.754 
IL-37 IL-37 -0.037 0.821 
IL-38 IL-38 0.536 <0.001* 

 

* Statistically significant difference (P < .05). 
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4. DISCUSSION 

This cross-sectional study aimed to evaluate the differences in salivary and GCF levels 

(amount and concentration) of interleukins IL-1β, IL-17, IL-36β, IL-37, and IL-38 between 

periodontitis patients and healthy subjects. Our study showed significant differences in the level 

of the investigated interleukins between periodontitis patients and healthy subjects.  

The specific selection criteria method used in our study permitted a clear distinction 

between healthy and periodontitis subjects, allowing us to compare the levels of the cytokines. 

Periodontitis patients presented significantly higher PD, CAL, PI, BOP, suppuration and mobility 

than healthy subjects (p <0.001). We also followed very specific criteria for GCF sample site 

collection for all subjects. All GCF collection sites in periodontitis patients had PD >5 mm 

(mean 7.57+1.44 mm), CAL >3 mm (mean 7.90+2.19 mm), and 100% BOP, while all healthy 

subjects had PD & CAL < 3mm and absence of BOP.  

We used the intracrevicular approach for GCF sampling with perio paper strips in all 

subjects keeping the periopaper in the sulcus for exactly 30 seconds or before 30 seconds when 

the periopaper was visibly wet as a standardized method. Different GCF sampling methods have 

been previously reported in the literature other than the technique followed in our study 47 48. 

One frequently described method is the intracrevicular washing technique, which includes an 

ejection needle and a collection needle; this technique described by Salonen and Puanio in 

199149 is not common due to increased technique sensitivity and high possibility of 

contamination of GCF fluid with blood.  Another method is the microcapillary technique using a 

calibrated pipette with an a priori-determined set volume for GCF collection. The drawback of 

this technique is the duration of the sample collection. Previous studies have reported an 
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extended collection duration, especially in healthy sites that patients can not tolerate. Some 

studies have allocated 10 minutes as the maximum time for collection, which could also increase 

the possibility of contamination50. In our study, the intracrevicular approach with perio paper 

strips was followed in all subjects, keeping the periopaper in the sulcus for exactly 30 seconds or 

before 30 seconds when the periopaper was visibly wet as a standardized method.  

We then quantified GCF volume absorbed in perio paper strips using Periotron 8000. We 

frequently calibrated the device (almost once a month) using distilled water that has similar 

viscosity to GCF in order to achieve higher estimate of the volume of GCF. We used 

supplemented software to convert the volume of the samples to ul referring to a standardized 

curve 51. GCF volume was found to be higher in sites collected from periodontitis patients 

compared to healthy subjects in our study. This finding aligns with previous studies that 

suggested that the increased vascular permeability in the inflammation site of periodontal tissues 

of periodontitis patients increases GCF volume 52.  

Sensitive techniques are required to accurately measure proteins and inflammatory 

mediators in biological samples of low volumes such as GCF. The most widely used 

quantification analysis for cytokines is enzyme-linked immunosorbent assay (ELISA). Although 

ELISA is a sensitive analysis that has been frequently used it allows only a small panel of 

cytokines (usually one or two) to be analyzed, limiting the ability to detect multiple cytokines in 

a low volume collected such as GCF. On the other hand, Multiplex Luminex analysis technology 

was selected in our study as it offers the advantage of allowing simultaneous detection and 

quantification of multiple cytokines within a small-volume sample 53.  

Both IL-1β and IL-36β were detected in 100% of GCF samples from both periodontitis 

patients and healthy subjects, confirming that these interleukins are consistently present in 
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periodontal tissues regardless of the state of periodontal health. IL-17 was detected in 100% of 

the periodontitis group's samples and only 50% of the healthy group's samples, a difference that 

was statistically significant (p < 0.001). IL-37 was detected in 95% of samples from both groups, 

showing no significant difference in frequency of detection between periodontitis and healthy 

subjects. Lastly, IL-38 was present in 85% of healthy subjects’ samples and 60% of periodontitis 

patients’ samples; however, this difference was not statistically significant.  

The problem of missing values in proteomic research is very common but rarely reported 

on how it was handled by investigators raising questions about the reproducibility of research 

experiments and the validity of data . Cytokines can often be found below the detection limit due 

to technical errors, use of antibodies with reduced sensitivity or real absence in biological 

samples.54 Different methods of replacing missing values have been discussed to translate the 

data and the proteomics technologies to valuable biological and appropriate data 55-57. We used 

here the data imputation method as it ensures the usability of data using small values from that 

fall within the range of the dataset45,46. The samples (IL-17, IL-37, and IL-38) that had values 

below the Luminex detection threshold were given a value by dividing the detection limit of each 

cytokine by five (detection limit/5). This approach is known as a limit of detection (LOD)-based 

imputation method 44,45. 

 

4.1 Pro-inflammatory interleukins in GCF 

Our findings showed higher levels of pro-inflammatory cytokines (IL-1β, IL-17) in 

periodontitis patients compared to healthy subjects in GCF samples, confirming results from 

previous studies.20,23 Our data enhances our understanding that periodontitis is an exacerbated 
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inflammatory response to oral bacterial plaque and interleukins play an important role in the 

process of bone resorption and tissue destruction 20 21.  

Correlational findings (Table 12) showed the relationship between the levels of the 

cytokines investigated and PD of GCF sample site collection. Both IL-1β and IL-17 in GCF 

showed a positive significant correlation with the mean PD and volume of GCF sample site 

collection. Furthermore, we also show a strong positive correlation between IL-1β and IL-17 

(Table 12) indicating that higher levels of IL-1β are associated with higher IL-17 levels in 

humans, highlighting their role in periodontitis and suggesting their possible synergistic effect in 

periodontitis severity. 

We observed a significantly higher concentration of IL-36β in GCF of healthy subjects 

(182.86+117.79 pg/ul) compared to periodontitis patients (124.94+96.90 pg/ul) (p=0.049). This 

finding is consistent with the study by Kursunlu et al, who reported that the mean ± SD amount 

of IL-36β in GCF was 7.86±2.08 pg in aggressive periodontitis patients, 7.01 ± 4.75 pg in 

chronic periodontitis patients, and 6.28±1.71 pg in healthy subjects. Additionally, the 

concentrations were 35.84±28.60 pg/ul for aggressive periodontitis, 35.16±25.21 pg/ul for 

chronic periodontitis, and significantly higher at 78.15±48.22 pg/ul in healthy individuals 27. 

As a member of the IL-1 family, a possible dual role of IL-36 in periodontitis 

pathogenesis promoting inflammatory responses that exacerbate tissue destruction but also 

contributing to the resolution phase of inflammation aiding tissue repair and healing 6. However, 

the scientific evidence for IL-36β is still limited and more studies are needed to understand better 

the role of IL-36β in the pathogenesis of periodontitis.  
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4.2 Anti-inflammatory interleukins in GCF 

IL-37 plays a protective role against periodontal inflammation. IL-37 has been considered 

to inhibit the production of pro-inflammatory cytokines, suggesting its function in suppressing 

inflammatory responses 6,58.  

In our study, the concentration of IL-37 was significantly higher in GCF of healthy 

subjects (60.69+75.63 pg/ul) compared to periodontitis patients (30.16+31.06 pg/ul) (P=0.046) 

(without any adjustments) and after adjusting for age and gender (P=0.017). Similar findings 

were reported in a previous study by Saglam et al. in 2015, in which the GCF concentration of 

IL-37 was lower in chronic periodontitis group compared to healthy group 30.  In contrast, a 

study by Ho et al. reported a higher GCF level of IL-37 in a periodontitis group compared to 

healthy subjects 59. The different results could be attributed to the methodology of GCF 

collection; the latter study collected GCF from 6 different sites in each subject and were pooled 

together for analysis using periopaper strips in the gingival crevice for 60 seconds, while in both 

our study and Saglam et al, paper strips were left in place for 30 seconds, collected, and pooled 

from two different sites and analyzed separately.  47 

Our findings about low levels of IL-37 and high levels of IL-1β in the periodontitis 

subjects are very interesting and align with previous genome wide association study (GWAS) 

findings 29, highlighting the downgrade of IL-37 in the upregulation of IL-1β and the promotion 

of a hyper-inflammatory periodontal environment 29. In this GWAS study IL-37 was only studied 

at the mRNA expression level  29. However, our study shows first to the best of our knowledge 

that downregulated expression of IL-37 may upregulate IL-1β expression at the proteomic level. 

Further studies are suggested to dissect potential connection mechanisms at the molecular level 
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and clinically evaluate how IL-1β/IL-37 ratio could be used as a potential diagnostic and 

therapeutic biomarker for periodontitis. 

 IL-38 has been previously reported to be involved in Th-17-dependent inflammatory 

autoimmune diseases, with most studies concluding its anti-inflammatory effect in RA, psoriasis, 

SLE, and IBD 60. Its role in periodontitis has not been widely investigated. Our study found that 

IL-38 concentration was significantly higher in healthy subjects (10.54+7.90 pg/ul) compared to 

those with periodontitis (4.99+4.91 pg/ul) (p=0.012). In contrast to our findings, Korkmaz et al. 

reported higher GCF levels of IL-38 in patients with periodontitis (8.18+2.95 pg/ul) compared to 

healthy subjects (4.27+0.82 pg/ul) (P<0.001) 34. However, the levels of IL-38 were reported in 

amount (pg/30s) without making any references to the volume of GCF, which is important to 

normalize data of amount of cytokine into concentration. While Korkmaz et al. reported the total 

amount of cytokines, our study also reported the concentration levels that are more representative 

of the interleukin profile in the sample. In addition, Korkmaz et al. found a significant positive 

correlation between IL-38 amount with PD of GCF sample site collection. However, in our study 

the correlation between IL-38 amount with mean PD of GCF sample site collection was non-

significant (Table 12).  

 Furthermore, our findings show that IL-38 concentration levels are inversely related to 

periodontal disease severity, supporting the anti-inflammatory role of IL-38.  The correlational 

analysis showed a statistically significant negative correlation with GCF volume and the mean 

PD of GCF sample site (Table 13). 
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Saliva  

Whole unstimulated saliva was collected to explore the levels of inflammatory mediators 

in the whole oral cavity of patients. Saliva contains nonsalivary elements such as GCF, immune 

cells, and tissue metabolites 61. Unstimulated saliva is mostly chosen compared to stimulated 

saliva to avoid any dilution in the concentration of biomarkers 62.  

The frequency of detection patterns for interleukins in saliva samples of our patients were 

100% for IL-1β and IL-36β. However, IL-17 showed a low detection rate of only 20% in both 

the periodontitis and healthy groups. IL-37 was consistently detected in 95% of samples from 

both groups. IL-38 was found in 50% of periodontitis patients’ samples and 75% of healthy 

saliva samples, without any statistically significant difference in the frequency of detection 

between the groups.  

 

4.3 Pro-inflammatory interleukins in saliva (IL-1β, IL-17, IL-36β) 

Salivary biomarkers have been proposed to predict periodontal disease status and 

progression as saliva is a noninvasive diagnostic fluid without showing any sensitive technique 

of collection 63 64. IL-1β is the most researched saliva biomarker for periodontitis. A recent 

systematic review and meta-analysis by Arias-Bujanda et al. indicated that IL-1β had the highest 

value of sensitivity for periodontal diagnosis, reaching up to 78.7% and a specificity of 78% 17. A 

more recent investigation showed that periodontitis patients with progressed sites exhibited 

elevated levels of salivary inflammatory biomarkers, including IL-1β, and experienced a 

significant decrease the inflammatory biomarkers after non-surgical periodontal therapy 64. In the 

present study, salivary levels of IL-1β were significantly higher in periodontitis patients, 
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consistent with our findings from GCF levels of IL-1β. This aligns with the predominant role of 

IL-1β in leading the inflammatory processes in the oral cavity.  

Since frequency of detection of IL-17 was 20% in both studied groups, the analysis of IL-

17 was strictly descriptive without proceeding to any comparisons between studied groups. The 

mean ± SD concentration of four samples detecting IL-17 in healthy subjects was (0.8±2.2 

pg/ml) compared to four samples detecting IL-17 in periodontitis patients (0.14±0.41 pg/ml). 

Another study reported a lower salivary concentration of IL-17 in a Turkish population with 

periodontitis (3.15±9.35 pg/ml) compared to the healthy group (4.57±10.22 pg/ml). However, the 

difference was not statistically significant 24. A contradictory study by Yang et al. reported that 

the IL-17 concentration was significantly higher in periodontitis patients (7.74±1.89 pg/ml) than 

in healthy subjects (3.39±1.20 pg/ml). However, both studies failed to report the detection 

frequency of IL-17 in saliva samples following a similar absence to report in several similar 

studies. Isaza-Guzman et al. reported that IL-17 was detected in 8.7% of Colombian population 

saliva samples, and no relationship between diagnosis of periodontitis and salivary IL-17 levels 

was found 65. The varying results of IL-17 in saliva could be due to different sample sizes, 

definitions of diseases and inclusion criteria, amount of saliva collected, the collection of 

stimulated or unstimulated saliva, and time of collection during the day. More studies are needed 

to investigate why IL-17 is detected in a smaller percentage of salivary samples compared to 

GCF samples although the same antibodies from Multiplex immunoassay analysis were used for 

both saliva and GCF analysis in our study.  

IL-36β levels in saliva were higher in periodontitis patients (691.4±455.01 pg/ml) 

compared to healthy subjects (653.4±55.8 pg/ml), an opposite finding compared to the GCF 

levels of IL-36β from our study; however, the difference did not show statistical significance. 
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The role of salivary IL-36β in periodontitis is yet to be determined. IL-36β has been known to 

have a pro-inflammatory role in autoimmune diseases. Serum levels of IL-36β were found to be 

upregulated in rheumatoid arthritis patients 26,66. A study concluded that IL-36 family members 

(IL-36a, IL-36β, and IL-36g) play a role in inflammatory bowel disease, with a significantly 

higher expression in patients with active disease compared to control subjects and found different 

patterns of expressions in Ulcerative colitis (UC) and Crohn’s disease (CD). Furthermore, IL-36β 

was found to be higher in active CD compared to active UC and controlled UC, suggesting IL-

36β as a diagnostic tool for inflammatory bowel disease 67. Serum levels of IL-36β and IL-36γ 

were significantly higher in patients with another inflammatory disorder, Neuromyelitis Optica 

spectrum disorder, compared to healthy subjects. Interestingly, the levels of IL-36β and IL-36γ 

were observed to decrease in disease remission 68. No other studies have investigated the salivary 

levels of IL-36β, limiting our ability to compare the results. Our study seems to be to the best of 

our knowledge the first study to report IL-36β in saliva, and thus, further studies are needed to 

explore the role of IL-36β in periodontal disease.  

 

4.4 Anti-inflammatory interleukins in saliva (IL-37, IL-38)  

In our study, salivary IL-37 and IL-38 exhibited higher levels in healthy subjects 

compared to patients with periodontitis; however, this difference was not statistically significant. 

The protective, regulating role of these cytokines in healthy individuals may limit the 

inflammatory response and delay the development of tissue-destructive processes that are typical 

of periodontitis. Contrary to our findings, Saglam et al. reported that the salivary concentrations 

of IL-37 were similar in all study groups (healthy, gingivitis, and periodontitis) 30. Similar to our 

results, a recently published cross-sectional study evaluated salivary IL-38 levels and found that 
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IL-38 levels were higher in healthy subjects compared to periodontitis and gingivitis patients 69. 

Korkmaz et al. reported higher levels of salivary IL-38 in periodontitis patients compared to 

heathy subjects, contradicting our findings 34.  

The correlational analysis between saliva and GCF interleukins showed a significant 

correlation of IL-1β and IL-38 in both saliva and GCF, indicating that they might have a parallel 

role in the inflammatory process in the oral environment. Cytokines have a “yin-yang” role in 

regulating the host immune response which can explain the increased expression of IL-38 in 

response to IL-1β to counteract the deleterious pro-inflammatory effects of IL-1β. On the other 

hand, Toraman et al. detected a negative correlation between salivary IL-38 and IL-1β levels, but 

it was not statistically significant 69. The lack of significance shown in the link between IL-17, 

IL-36β, and IL-37 highlights the complex nature of cytokine modulation and the potential 

independent pathways impacting their concentrations in both saliva and GCF. Further research 

might explore the mechanisms driving these differences, potentially offering further insights into 

their distinct roles. 

The dynamic relationship between pro-inflammatory and anti-inflammatory cytokines is 

critical in understanding how the host regulates the immune system. Pro-inflammatory cytokines 

contribute to initiating and sustaining the inflammation, while anti-inflammatory cytokines help 

in the regression of the inflammation promoting its resolution and the return to tissue 

homeostasis. The balance between these two arms is needed to achieve the desired pathogen 

elimination without excessive tissue damage 6,70. An imbalance in the “yin-yang” dynamics of 

these cytokines could lead to either a hyper-inflammatory response in the case of increased pro-

inflammatory cytokines or an impaired immune system unable to battle pathogens properly in 

the case of reduced anti-inflammatory cytokines 70,71.  
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Our study highlights a significant elevation of pro-inflammatory index investigated (IL-

1β, IL-17 and IL-36β) in GCF samples of subjects with periodontitis (20.23+23.55 pg/ul) 

compared to healthy subjects (5.53+4.80 pg/ul) (P=0.006). However, the difference between pro-

inflammatory and anti-inflammatory indices in saliva samples did not reach statistical 

significance (P = 0.068).  

Additional research is necessary to study the interaction of interleukins in periodontitis, 

understand how they influence each other, and fully comprehend the disease's pathogenesis. The 

application of personalized medicine in periodontal clinics can help identify cases that are at high 

risk of progressing into severe conditions. By deeply understanding the mechanism of the 

disease, a more targeted approach can be implicated and avoid missing the opportunity for early 

prevention and treatment 37.  

FDA-approved therapeutic drugs (Anakinra, Rilonacept, and Canakinumab) have been 

developed targeting the pro-inflammatory activity of IL-1β and IL-1a in inflammatory diseases 

such as rheumatoid arthritis 6,72. Recombinant IL-37 has shown protective effects in different 

inflammatory models, while IL-38 is increasingly being investigated for its therapeutic use in 

modulating inflammation 6,58,73,74. Another drug being investigated is an NLRP3 inflammasome 

(Nod-like receptor protein 3) inhibitor. NLRP3 inflammasome pathway activation leads to the 

secretion of inflammatory cytokines, and its inhibition has shown promise in treating 

inflammatory disease 75. Furthermore, recent studies have been focusing on the therapeutic use 

of Specialized Proresolving Mediators (SPMs) that promote the termination of intlammation 

such as Resolvins and Lipoxins76. These mediators have been found to restrict the inflammation 

process and promote the resolution of inflammation and return to tissue homeostasis 77,78. 
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In addition to the high cost, targeting specific cytokines can lead to significant side 

effects, such as an increased risk of cancer and infections due to diminished host defenses, as 

well as the potential development of progressive central nervous system disorders. Consequently, 

their use has been limited 79. Due to these concerns, such treatments have not yet been widely 

adopted for periodontitis and need to be further explored.  

 

4.5 Strengths and Limitations of this study  

 The strengths of our study include the meticulous selection criteria for enrolling patients, 

allowing clear differentiation between the two groups as well as the specific criteria for GCF 

sample site collection. Another strength is our decision to use the Luminex technology to be able 

to simultaneously investigate different mediators within the expected low GCF volume, which 

cannot be achieved using other techniques like ELISA. Furthermore, we reported the detection 

frequency, amount and concentration of each cytoking, while many other similar studies failed to 

report.. Moreover, we applied adjusted analysis for cofounders (age, gender) in a small sample 

size (N=20 per group). 

Our study's cross-sectional design did not allow any prospective insights into the levels of 

interleukins in GCF and saliva or the effects of periodontal treatments on interleukin 

concentrations and progression of periodontal disease. Longitudinal studies are needed to fulfil 

this goal. Another limitation is the sample size which was determined after referring to previous 

studies on GCF levels of IL-37 and IL-36β, and not saliva. This might explain the low detection 

percentage of salivary IL-17. An additional limitation is the absence of assessing bacterial plaque 

at sites of GCF collection or overall in the mouth 80. The generalizability of our findings is 

limited due to the convenience of the sampling method used to recruit subjects. Furthermore, 
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relying on self-reported medical histories might lead to the inclusion of subjects with certain 

undiagnosed systemic conditions, including Sjögren’s disease, which could explain the low 

volume of saliva collected in a small number of enrolled subjects. These limitations might have 

had an impact on the overall interleukins levels and the lack of signfinicance between the two 

groups, especially in saliva.  

Future studies should investigate interleukin levels before and after periodontal intervention. 

Using our novel data on salivary levels of several inflammatory mediatiors will now allow us to 

determine better and recalculate the power and sample size needed for a similar study, potentially 

yielding more significant results. Accurate assessment of the subject’s health status by obtaining 

the medical history from their health care providers’ medical records is needed.  

Despite these limitations, our study contributes to a deeper understanding of the pathogenesis 

of periodontitis, confirming the critical role of specific interleukins in its pathogenesis. The 

significant elevation of IL-1β and IL-17 in GCF from periodontitis patients supports their role in 

the disease mechanism and highlights their potential utility as biomarkers for disease severity. 

Thus far, GCF IL-38 levels have only been examined in one study34. The results of our study 

show that healthy subjects have higher levels of IL-38 in GCF compared to periodontitis 

patients. This finding is important since it confirms the possible anti-inflammatory role of IL-38 

in periodontal tissues. Our findings support the established anti-inflammatory roles of IL-37 and 

IL-38 in autoimmune disorders and also point to a possible protective role in preserving 

periodontal health highlighting their importance to be therapeutic targets in periodontal therapy. 

We believe that our study lays the groundwork for future investigations that can explore the 

profile of these interleukins and their correlation and ratios with other inflammatory mediators 
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before and after periodontal therapy as well as during periodontal maintenance and disease 

progression.  

The clinical translation of our study pave the way of a chairside diagnostic test development 

incorporating these cytokines, along with other mediators. This would allow for a precise early 

diagnosis, monitoring and therapeutic outcome evaluation leading to a better, more centered 

patient treatment and disease management.  

Second clinical translation of our findings is in therapeutic innovation. There is potential for 

the development of drugs that aid in modulating the activity of the cytokines, monoclonal 

antibodies based drugs that not only block the pro-inflammatory cytokine activity but also 

promotes the anti-inflammatry cytokine activity and production such as IL-37 and IL-38.  

Moreover, developing vaccines that upregulate the anti-inflammatory cytokines. The 

development of mRNA vaccines and the focus on personalized vaccine have been increasingly 

investigated as a form of immunotherapy in various cancer treatments 81. More studies are 

essential for development of therapeutic technologies that provide a safe and an effective 

diagnostic and treatment modality in clinical settings.  
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5. CONCLUSIONS 

Our study supports our hypothesis that periodontitis patients have different IL-1β, IL-17, 

IL-36β, IL-37 and IL-38 GCF and salivary profiles compared to periodontally healthy subjects. 

1. IL-1β and IL-17 levels (amount and concentration) are significantly higher in GCF of 

periodontitis patients. 

2. IL-36β concentration in GCF is lower in periodontitis patients, but this significance is 

lost after adjustment for age and gender. 

3. IL-37 and IL-38 concentration levels in GCF are significantly lower in periodontitis 

patients. 

4. Pro-inflammatory index in GCF is significantly higher in periodontitis patients. 

5. Anti-inflammatory is in GCF is significantly higher in healthy subjects.  

6. IL-17 detection frequency and concentration in GCF positively correlate with mean PD. 

7. IL-1β and IL-17 amounts strongly correlate with mean PD and GCF volume. 

8. IL-1β concentration in GCF moderately correlates with mean PD and GCF volume. 

9. IL-36β concentration in GCF negatively correlates with mean PD and GCF volume. 

10. IL-37 and IL-38 concentrations in GCF negatively correlate with mean PD and GCF 

volume. 

11. IL-17 concentration in GCF strongly correlates with IL-1β. 

12. Lower IL-37 levels may lead to increased IL-1β levels in GCF at the proteomic level. 

13. IL-1β concentration in saliva is significantly higher in periodontitis patients. 

14. No significant differences in salivary pro-inflammatory and anti-inflammatory indices 

was found between study groups. 

15. IL-17 detection and concentration in saliva negatively correlate with saliva weight. 
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16. Salivary IL-1β concentration strongly correlates with GCF IL-1β concentration. 

17. Salivary IL-38 concentration positively correlates with GCF IL-38 concentration. 
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APPENDIX A 

Table 1. The study visit procedure and the estimated time. 
 

 
Table 2. Scoring of indices. 

 
Table 3. Demographic and clinical parameters for periodontally healthy and periodontitis 
subjects. 
 

Mean (± SD) 
Median (25th – 75th percentiles) Healthy (n = 20) Periodontitis (n = 20) P-value 

Age 51.40±12.13 
12.13(42.0-63.80) 

50.40±12.73 
50.50(42.25-59.50) 0.801a 

Gender  
% Male  (N) 35% (7) 55% (11) 

0.204b 
% Female (N) 65% (13) 45% (9) 

Number of missing teeth 1.45±1.80 
1.00(0.00-2.80) 

1.45±2.00 
0.00(0.00-3.50) 0.749c 

Probing depth (mm) 2.39±0.26 
2.42(2.22-2.54) 

3.69±0.84 
3.50(3.18-4.09) <0.001*c 

Clinical Attachement level (mm) 0.69±0.85 
0.20(0.036-1.21) 

3.76±1.66 
3.53(2.85-4.37) <0.001*c 

PI ( % ) 16.18±19.07 
11.80(0.00-25.90) 

59.23±35.95 
56.10(28.30-100) <0.001*c 

                        Appointment 
Procedures Visit 1 Estimated time 

Informed Consent Form X 

30-40 minutes 
Demographics and medical history  X 
Evaluate eligibility and withdrawal criteria X 
Periodontal clinical examination and radiographical 
evaluation X 

Acquisition of Gingival crevicular fluid and saliva 
sample X 2-15 minutes 

Payment X 1 minute 

 0 1 
Plaque Index Plaque not present Plaque present 
Gingival Index Gingival redness not present Gingival redness present 
Bleeding on Probing No bleeding within 15 seconds of 

probing 
Bleeding within 15 seconds of 
probing 

Suppuration on Probing No suppuration within 15 seconds of 
probing 

Suppuration within 15 seconds of 
probing 

Mobility Not present Present 
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BOP ( % ) 2.01±2.40 
1.23(0.60-2.44) 

48.55±36.74 
44.20(17.04-83.66) <0.001*c 

Suppuration ( % ) 0.00 
0.00 

4.44±9.23 
0.30(0.00-6.10) <0.001*c 

MOB ( % ) 2.18±7.25 
0.00 

20.67±21.50 
14.60(0.90-32.14) <0.001*c 

 
% Ethnicity (N) Total P-value 

Not Hispanic or Latino 90% (18) 80% (16) 85% ( 34) 
0.695d Hispanic or Latino 5% (1) 10% (2) 7.5% (3) 

Unknown/Not reported 5% (1) 10% (2) 7.5% (3) 
% Race (N) 

White 65% (13) 50% (10) 57.5% (23) 

0.088d 

Black/African American 0% 25% (5) 12.5% (5) 
Native Hawaiian/Pacific 

Islander 0% 0% 0% 

American Indian/Alaskan 0% 0% 0% 
Asian 20%(4) 15%(3) 17.5%(7) 

Multiple 0% 5.0% (1) 2.5%(1) 
Don’t Know 0% 0% 0% 

No Answer/Other 15%(3) 5.0% (1) 10% (4) 
 

* Statistically significant difference (P < .05). 

a Determined by Independent-samples t-test. 

b Determined by Chi-square test. 

c Determined by Mann-Whitney U test. 

d Determined by Fisher's exact test. 
 
Table 4. Clinical parameters for all groups of sites of GCF. 
 

 Healthy (n = 20) Periodontitis (n = 20) Total 
Arch:    

Maxillary 
Mandibular 

20 22 42 
20 18 38 

 P- Value 

PD (mm) 
Mean (SD) 2.85±0.36  7.57±1.44 

<0.001*a 
Median (25th - 75th percentiles) 3.00 (3.00-3.00) 7.00 (6.00-9.00) 

CAL (mm) 
Mean (SD) 0.57±1.15 7.90±2.19 

<0.001*a 
Median (25th - 75th percentiles) 0.00 (0.00-0.75) 8.00 (6.00-9.75) 

PI ( % ) 25% 70% 0.005*a 
BOP ( % ) 0% 100% <0.001*a 

Suppuration ( % ) 0% 10% <0.001*a 
MOB ( % ) 0% 30% <0.001*a 
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* Statistically significant difference (P < .05). 

a Determined by Generalized estimating equations (GEE)  

 
Table 5. GCF volume mean levels ±SD for all groups of GCF collection. 
 

 Healthy (n = 20) Periodontitis (n = 20) P-value 
GCF volume    

Mean ± SD 1.20±0.58 2.11±0.50 
<0.001*c 

Median (25th - 75th percentiles) 1.00 (0.73-1.70) 2.31 (1.80-2.50) 
 

* Statistically significant difference (P < .05). 

c Determined by Mann-Whitney U test. 

 
Table 6: Frequency of detection of IL-1β, IL-17, IL-36β, IL-37, IL-38 in GCF. 
 
% sites (N) positive for Healthy (n = 20) Periodontitis (n = 20) P-Value 

IL-1β 100% (20) 100% (20) 1.000d 
IL-17 50% (10) 100% (20) <0.001*d 

IL-36β 100% (20) 100% (20) 1.000d 
IL-37 95% (19) 95% (19) 1.000d 
IL-38 85% (17) 60% (12) 0.150d 

 

* Statistically significant difference (P < .05). 

d Determined by Fisher's exact test. 

 
 
Table 7: Frequency of detection of IL-1β, IL-17, IL-36β, IL-37, IL-38 in Saliva. 
 
% sites (N) positive for Healthy (n = 20) Periodontitis (n = 20) P-Value 

IL-1β 100% (20) 100% (20) 1.000d 
IL-17 20% (4) 20% (4) 1.000d 

IL-36β 100% (20) 100% (20) 1.000d 
IL-37 95% (19) 95% (19) 1.000d 
IL-38 75% (15) 50% (10) 0.190d 

 

* Statistically significant difference (P < .05). 

d Determined by Fisher's exact test. 

 

Table 8: GCF amount (pg) of IL-1β, IL-17, IL-36β, IL-37, IL-38.  
 
Interleukin  Healthy Periodontitis P-value 

IL-1β Mean (SD) 44.20±59.06 383.22±388.8 <0.001*a 
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Median (25th - 75th percentiles) 20.02 (5.88-49.41) 284.8 (159.59-449.09) <0.001*b 

IL-17 
Mean (SD) 0.42±0.50 2.75±1.84 <0.001*a 

Median (25th - 75th percentiles) 0.19 (0.058-0.67) 2.50 (1.11-3.92) <0.001*b 

IL-36β 
Mean (SD) 184.45±89.28 224.18±99.08 0.191a 

Median  (25th - 75th percentiles) 174.82 (121.1-212.2) 219.8 (132.79-304.31) 0.157b 

IL-37 
Mean (SD) 62.63±70.06 57.93±52.16 0.889a 

Median (25th - 75th percentiles) 49.8 (22.91-72.82) 40.05 (20.48-88.73) 0.455b 

IL-38 
Mean (SD) 10.77 ± 6.94 11.36 ±12.17 0.611a 

Median (25th - 75th percentiles) 10.58 (6.33-15.2) 7.76 (0.78-20.2) 0.269b 
 

* Statistically significant difference (P < .05). 

a Determined by Mann-Whitney U test 

b Adjusted for age and gender 

 

Table 9: GCF concentrations (pg/µl) of IL-1β, IL-17, IL-36β, IL-37, IL-38. 
 
Interleukin  Healthy Periodontitis P-value 

IL-1β 
Mean (SD) 37.69±49.49 183.70±173.29 <0.001*a 

Median  (25th - 75th percentiles) 18.51 (4.64-54.63) 132.01 (73.30-244.47) <0.001*a 

IL-17 
Mean (SD) 0.455±0.62 1.34 ±0.89 <0.001*a 

Median  (25th - 75th percentiles) 0.23 (0.47-0.67) 1.24 (1.24-2.05) 0.002*b 

IL-36β 
Mean (SD) 182.86 ± 117.79 124.94±96.90 0.049*a 

Median  (25th - 75th percentiles) 158(93.80-244.18) 89.8(58.87-159.86) 0.088b 

IL-37 
Mean (SD) 60.69±75.63 30.16±31.06 0.046*a 

Median (25th - 75th percentiles) 37.44 (24.55-55.01 18.14 (10.58-46.18) 0.017*b 

IL-38 
Mean (SD) 10.54 ±7.90 4.99±4.91 0.012*a 

Median (25th - 75th percentiles) 8.66 (4.93-13.99) 3.93 ( 0.43-8.60) 0.011*b 
 

* Statistically significant difference (P < .05). 

a Determined by Mann-Whitney U test 

b Adjusted for age and gender 
 
Table 10: GCF levels of  Pro-inflammatory interleukins (IL-1β, IL-17, IL-36β) and Anti-
inflammatory interleukins (IL-37, IL-38) in (pg/µl). 
 

Index  Healthy (n=20) Periodontitis  (n=20) P-value 

Pro-inflammatory (pg/µl) 
Mean ± SD 5.53±4.80 20.23±23.55 

0.006*a Median  
(25th - 75th percentiles) 3.90 (2.14-8.20) 11.16 (4.22-23.43) 

Anti-inflammatory 
(pg/µl) 

Mean ± SD 0.46±0.59 0.16±0.18 
0.006*a Median  

(25th - 75th percentiles) 0.25 (0.12-0.46) 0.09 (0.04-0.23) 
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* Statistically significant difference (P < .05). 

a Determined by Mann-Whitney U test 

 

Table 11: Association between frequency of detection of interleukins in GCF with GCF volume 
(µl) and  PD of site of sample collection. 
 

Interleukine  Detected Not detected P 

IL-17 

N 30 10 

0.129a 
Volume (µl)   
Mean (SD) 1.74±0.67 1.37±0.64 

Median (25th - 75th percentiles) 1.80 (1.12-2.60) 1.16 (0.80-1.10) 
Mean PD    
Mean (SD) 6.00±6.50 5.85±0.24 

<0.001*a 
Median (25th - 75th percentiles) 6.50 (3.00-8.13) 3.00 (2.50-3.00) 

IL-37 

N 38 2 

0.908a 
Volume (µl)   
Mean (SD) 1.70±0.68 1.64±0.84 

Median (25th - 75th percentiles) 1.64 (0.10-42.50) 0.90 (1.04-2.70) 
Mean PD   

0.864a Mean (SD) 5.20±2.52 5.50±4.94 
Median (25th - 75th percentiles) 4.30 (3.00-7.12) 5.00 (NA) 

IL-38 

N 29 11 

0.440a 
Volume (µl)   
Mean (SD) 1.60±0.72 1.80±0.58 

Median (25th - 75th percentiles) 1.67 (0.90-2.40) 1.81 (1.20-2.23) 
Mean PD   

0.104a Mean (SD) 4.80±2.52 6.40±2.50 
Median (25th - 75th percentiles) 3.00 (3.00-7.00) 7.00 (3.00-9.00) 

 

* Statistically significant difference (P < .05). 

a Determined by Mann-Whitney U test 

e This test could not be conducted for IL-1b and IL-36b as they exhibited 100% detection. 

NA The interquartile range could not be determined because the sample size is low. 

 

Table 12: Spearman’s correlation coefficient between GCF interleukins amount (pg) with GCF 
volume (µl) and mean PD of sites of sample collection. 
 

Interleukin  Volume (µl) Mean PD 

IL-1β 
rho 0.559 0.747 

p-value <0.001* <0.001* 

IL-17 
rho 0.519 0.725 

p-value <0.001* <0.001* 
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IL-36 
rho 0.065 0.189 

p-value 0.680 0.240 

IL-37 
rho 0.010 -0.025 

p-value 0.950 0.917 

IL-38 
rho 0.182 -0.066 

p-value 0.260 0.685 
 

* Statistically significant difference (P < .05). 

 

Table 13: Spearman’s correlation coefficient between GCF interleukins concentration (pg/µl) 
with GCF volume (µl) and with mean PD of sites of sample collection. 
 

Interleukin  Volume (µl) Mean PD 

IL-1β 
rho 0.388 0.658 

p-value 0.013* <0.001* 

IL-17 
rho 0.196 0.576 

p-value 0.226 <0.001* 

IL-36 
rho -0.701 -0.344 

p-value <0.001* 0.03* 

IL-37 
rho -0.437 -0.430 

p-value 0.005* 0.006* 

IL-38 
rho -0.322 -0.376 

p-value 0.042* 0.017* 
 

* Statistically significant difference (P < .05). 

 
 
Table 14: Spearman’s correlation coefficient between GCF interleukins.  
 

Interluekin IL-1B IL-17 IL-36B IL-37 IL-38 

IL-1β 
rho 1 0.77 -0.096 -0.265 -0.264 

p-value - <0.001 0.555 0.098 0.099 

IL-17 
rho 0.77 1 0.097 -0.335 -0.26 

p-value <0.001 - 0.552 0.035 0.105 

IL-36β 
rho -0.096 0.097 1 0.204 0.162 

p-value 0.555 0.552 - 0.207 0.317 

IL-37 
rho -0.265 -0.335 0.204 1 0.261 

p-value 0.098 0.035 0.207 - 0.103 

IL-38 
rho -0.264 -0.26 0.162 0.261 1 

p-value 0.099 0.105 0.317 0.103 - 
* Statistically significant difference (P < .05). 
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Table 15: Salivary concentrations (pg/ml) of IL-1β, IL-17, IL-36β, IL-37, IL-38. 
 
Interleukin  Healthy Periodontitis P-value 

IL-1β 
Mean (SD) 17.91±28.2 45.70±70.13 0.052a 

0.0290*b 
0.005*c 

Median 
(25th - 75th percentiles) 2.20 (0.60-26.04) 6.90 (2.92-81.6) 

IL-17 
Mean (SD) 0.80±2.20 0.14±0.41 

 Median 
(25th - 75th percentiles) 0 0 

IL-36β 
Mean (SD) 653.4±466.8 691.40±455.04 0.620a 

0.530b 
0.410c 

Median 
(25th - 75th percentiles) 612.6 (277.50-989.40) 594.8 (352.83-838.32) 

IL-37 
Mean (SD) 44.61±55.8 28.41±40.06 0.607a 

0.418b 
0.412c 

Median 
(25th - 75th percentiles) 21.94 (3.26-75.1) 10.2 (4.32-43.91) 

IL-38 
Mean (SD) 41.20±48.30 24.61±39.30 0.106a 

0.139b 
0.092c 

Median 
(25th - 75th percentiles) 24.3 (0.77-70.91) 5.90 (0.38-38.91) 

 

* Statistically significant difference (P < .05). 

a Determined by Mann-Whitney U test. 

b Adjusted for age and gender. 

c Adjusted for age and gender and saliva weight. 

 

Table 16: Salivary Concentrations of Pro-inflammatory interleukins (IL-1β, IL-17, IL-36β) and 
Anti-inflammatory interleukins (IL-37, IL-38). 
 
 

Index  Healthy (n=20) Periodontitis  (n=20) P-value 

Pro-inflammatory 
Mean ± SD 38.2±98.12 100.5±303.11 

0.068a Median 
(25th - 75th percentiles) 9.10 (4.60-16.6) 26.53 (5.93-48.61) 

Anti-inflammatory 
Mean ± SD 0.27±0.55 0.103±0.144 

0.068a Median 
(25th - 75th percentiles) 0.10 (0.06-0.22) 0.037 (0.02-0.16) 

 

* Statistically significant difference (P < .05). 

a Determined by Mann-Whitney U test. 

 
Table 17: Association between calculated saliva weight and detection frequency. 
 
Interleukine Calculated saliva weight Detected Not detected P 

IL-17 
N 8 32 

0.018*a Mean (SD) 3.04±1.20 5.90±3.23 
Median (25th - 75th percentiles) 3.01 (2.03-4.30) 4.30 (3.60-8.12) 
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IL-37 
N 38 2 

0.974a Mean (SD) 5.01±3.05 6.30±5.29 
Median (25th - 75th percentiles) 4.06 (3.50-5.01) 6.30 (NA) 

IL-38 
N 25 15 

0.639a Mean (SD) 4.98±3.22 5.23±3.01 
Median (25th - 75th percentiles) 10.37 (3.27-6.40) 4.50 (3.40-5.21) 

 

* Statistically significant difference (P < .05). 

a Determined by Mann-Whitney U test 

e This test could not be conducted for IL-1b and IL-36b as they exhibited 100% detection. 

NA The interquartile range could not be determined because the sample size is low. 

 

Table 18: Spearman’s correlation coefficient between salivary levels of interleukins (pg/ml) and 
salivary weight. 
 

Calculated saliva weight 

Interleukins IL-1β IL-17 IL-36β IL-37 IL-38 

rho -0.251 -0.348 -0.250 -0.095 0.138 

p-value 0.118 0.028* 0.120 0.562 0.394 
 

* Statistically significant difference (P < .05). 

 
Table 19: Spearman’s correlation coefficient between calculated interleukins concentration 
levels in Saliva (pg/ml) and GCF (pg/µl). 
 

Saliva mediators GCF mediators Correlation Coefficient P-value 
IL-1β IL-1B 0.574 <0.001* 
IL-17 IL-17 0.067 0.681 

IL-36β IL36b 0.051 0.754 
IL-37 IL-37 -0.037 0.821 
IL-38 IL-38 0.536 <0.001* 

 

* Statistically significant difference (P < .05).
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APPENDIX B 

Figure 1: Study Schema 
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Figure 2. Box-plot of GCF volume of healthy and periodontitis subjects. 
 
 

 



 82 

 
Figure 3: Bar chart of frequency of detection of IL-1β, IL-17, IL-36β, IL-37, IL-38 in GCF. 
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Figure 4: Bar chart of frequency of detection of IL-1β, IL-17, IL-36β, IL-37, IL-38 in saliva. 
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Figure 5: Bar chart of amount (pg) of IL-1β, IL-17, IL-36β, IL-37, IL-38 in GCF of healthy and 
periodontitis subjects.  
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Figure 6: Bar chart of concentrations (pg/ µl) of IL-1β, IL-17, IL-36β, IL-37, IL-38 in GCF of 
healthy and periodontitis subjects.  
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Figure 7: Box-plot of GCF concentrations (pg/ µl) of IL-1β, IL-17, IL-36β, IL-37, IL-38 in GCF 
of healthy and periodontitis subjects.  
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Figure 8: Pie-chart of pro-inflammatory index and anti-inflammatory index ratios in GCF of 
healthy and periodontitis subjects.  
 
 

 
 
 
 
Figure 9: Box-plot of  pro-inflammatory index and anti-inflammatory index ratios in GCF of 
healthy and periodontitis subjects. 
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Figure 10: Bar chart of concentrations (pg/ml) of IL-1β, IL-17, IL-36β, IL-37, and IL-38 in the 
saliva of periodontitis patients and healthy subjects.   
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Figure 11: Pie-charts of Pro-inflammatory index and Anti-inflammatory index ratios in the saliva 
of healthy and periodontitis subjects. 
 
 

 
 

Figure 12: Box-plots of Pro-inflammatory index and Anti-inflammatory Index ratios in the saliva 
of healthy and periodontitis subjects.  
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