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Background and Objective: Periodontal diseases are chronic inflammatory diseases leading to 

damage to soft and hard tissue. Due to the importance of periodontal health in people, this study was 

designed to investigate the association between changes in the inflammatory mediators with the 

development of periodontal disease. 

Methods: The case-control study was conducted on 120 individuals who referred to University of 

Baghdad, Dentistry School, Department of Periodontics in three groups: healthy group, periodontitis 

group, and gingivitis group, every group containing 40 individuals (20 men and 20 women). The 

demographic data of all individuals were recorded in the information form. Periodontal parameters, 

including bleeding on probing (BOP), plaque index (PI), clinical attachment loss (CAL), probing 

pocket depth (pd) and the serum levels of Interleukin-6 (Il-6), Immunoglobulin G (IgG) by ELISA 

technique, C-reactive protein (CRP) were evaluated using colorimetric technique. 

Findings: The mean range of IL-6 was 17.3940±1.509, 17.1432±2.214, 11.3846±1.119, for 

periodontitis, gingivitis, and healthy groups, the mean range of CRP was 5.4477±3.771, 

3.5853±3.483, 2.3813±1.134 for periodontitis, gingivitis, healthy groups, and the mean range of IgG 

was 12.3875±2.073, 15.0109±2.380, 9.4851±1.081 for periodontitis, gingivitis, healthy groups, 

respectively. Biochemical and periodontal parameters showed highly significant increase in 

periodontitis and gingivitis groups compared to healthy group (p<0.05). 

Conclusion: According to the results of this study, the high levels of inflammatory mediators are 

associated with periodontal disease, and increase with the progression of periodontal disease, and the 

transition from gingivitis to periodontitis, and the study's cutoff values can be applied to estimate 

healthy cases or patients with periodontal disease. 
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Introduction 

Gingivitis is an inflammatory condition that affects the soft tissues of the periodontium without 

destroying the hard structures (1). Periodontitis is a chronic inflammatory disease of the tooth-supporting 

tissues as a result of the deposition of bacterial biofilm on the tooth's exterior surface, gingival tissues, 

periodontal ligament, cementum, and alveolar bone are all damaged, and if left untreated, leads to tooth loss 

(2). Periodontal disease impacts 20% to 50% of the world's population (3).  

Interleukin-6 (IL-6) is a small glycoprotein (4), and glycoprotein cytokine secretion because of many 

diseases like osteoporosis (5). IL-6 like interleukin-17A (IL-17A) is a cytokine from both pro-inflammatory 

and anti-inflammatory cytokines (6, 7). It can also stimulate B-cell proliferation, as well as the development 

of plasmacytoma (4). IL-6 as in tumor necrosis factor (TNF) is expressed in macrophages, NK cells, 

monocytes, and T cells (8, 9). IL-6 stimulates the development of monocytes, activation of cytotoxic T cells, 

and improved NK cell activity (10). It plays a key role during an inflammatory response, in which serum 

IL-6 levels are significantly elevated (10). IL-6 affects innate immunity by regulating innate immune cell 

activity, neutrophil recruitment, adhesion, activation, differentiation (11). 

C-reactive protein (CRP) is a biomarker for the inflammatory response (12), and in the case of 

inflammation or infection with bacterial and viral agents, induces healthy cells to generate IL-6 (13).  

It is an acute-phase indicator produced by the liver (14). It is also considered as one of the cytokines 

generated by wounded tissues and cells that can start a chain of acute-phase reactions. It is currently known 

to have an early discovery for detecting bacterial or viral infections (15). CRP binds to pathogens and 

facilitates their clearance by phagocytic cells in response to inflammatory start, acting as the initial line of 

defense for the host (16). Furthermore, CRP has anti-inflammatory properties by suppressing neutrophil 

chemotaxis. On the other hand, it induces pro-inflammatory effects by upregulating the production of 

adhesion molecules as well as pro-inflammatory IL-6 (16). Transcriptional activation of the CRP gene 

mainly happens in hepatocytes in response to increased levels of inflammatory cytokines, specifically 

interleukin-6 (IL-6) (17), and excessive levels of IL-6 expression may result in increased Ig production by 

B cells (18). 

Immunoglobulin G (IgG) is a Y-shaped multifunctional glycoprotein made up of four polypeptide 

chains, linked together by disulfide bonds (19). IgG is the most predominant antibody subclass circulating 

in human blood (20). It acts as a bridge between antigens and the immune system (21), and it is an immune 

system component that protects periodontal tissue from pathogens and is present in gingival crevicular fluid 

(GCF) (21). IgG antibodies against periodontal microorganisms can be used to diagnose periodontal disease 

because their levels rise after infection and remain elevated for several years (22). 

More studies are needed to assess IgM and IgG levels together with periodontal diseases, also to assess 

IL-6, IgG, and CRP with stage and grad periodontitis and gingivitis, and to assess other interleukins with 

IgG and CRP together. This study was designed to investigate the association between periodontal disease 

prognosis with serum biomarkers (IL-6, CRP, and IgG) and its association with the development of 

periodontal disease. 

Methods 

This case-control study was approved by the Ethics Committee in the Applied Science Department/ 

University of Technology and Ministry of Health, Baghdad, Iraq with ethics code (Ref. No. AS 2132-3-11-

2021). Additionally, verbal and written consent was obtained from all participants in this research. This 

case-control study consists of 120 patients separated into three groups, gingivitis, periodontitis, and healthy 
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periodontium (control group). Every group included 40 individuals, 20 males and 20 females. The inclusion 

criteria were moderate and severe gingivitis, as well as generalized periodontitis. The exclusion criteria were 

having a history of systemic diseases such as diabetes mellitus, cardiovascular diseases, kidney diseases, 

rheumatoid arthritis, hepatic diseases, etc., having a history of smoking or alcohol drinking, pregnant or 

lactating mothers, menopausal women, and individuals taking anti-inflammatory medication in the last three 

months, in addition to any periodontal treatment containing deep scaling and root planning, stable 

periodontitis cases, patients wearing orthodontic appliances, and mild gingivitis. Sandwich ELISA 

(Enzyme-Linked Immunosorbent Assay) kits were used to assess serum interleukin-6, and Immunoglobulin 

G (My BioSource-USA). This technique is utilized to detect antibodies against a specific antigen by strong 

antibody-antigen interactions, and the C-reactive protein was evaluated by the colorimetric technique 

(Roche-Germany), and the periodontal parameters were evaluated in all individuals by a specific dentist: 

bleeding on probing (BOP), plaque index (PI), clinical attachment loss (CAL), probing pocket depth (pd). 

Data were analyzed using SPSS 26, One-Way ANOVA, and post hoc tests, and ROC curve was used to find 

cutoff values and to evaluate parameters as diagnostic markers at. P<0.05 was considered significant based 

on parameters between periodontitis, gingivitis, and healthy control groups. 

Results 

The results of the present study in terms of mean age, and body mass index (BMI), as well as periodontal 

parameters between periodontitis, gingivitis, and healthy control groups are shown in Table 1. 

The results of this study include a highly significant elevation (p<0.001) in the serum levels of IL-6 in 

the periodontitis group as compared to the healthy control group, as well as in the gingivitis group compared 

with the healthy control group, but they found was no significant difference when periodontitis group was 

compared with gingivitis group as shown in Table 2. The levels of CRP show a highly significant elevation 

(p<0.001) between periodontitis groups and the healthy control group, but show no significant difference 

between the gingivitis group and the healthy control group, also between periodontitis group and the 

gingivitis group as shown in Table 2. Levels of IgG showed a highly significant elevation (p<0.001) between 

the periodontitis group and the healthy control group, as well as between the gingivitis group and the healthy 

control group, and showing a highly significant decrease between periodontitis group and the gingivitis 

group as shown in Table 2. 

 

Table 1. Classification and mean ages, BMI, and periodontal parameters of the study groups 

Variable 
Periodontitis 

Mean±SD 

Gingivitis 

Mean±SD 

Healthy (control) 

Mean±SD 
p-value* 

Age (years) 35.8±9.06 31.8±7.01 32.13±7.21 0.95 

BMI (Kg/m2) 25.01±4.07 25.00± 3.32 23.63±2.02 0.17 

BOP** 30.15±11.68 37.07±10.93 4.99±2.00 0.001 

PLI*** 2.50±0.68 1.50±0.50 0.88±0. 30 0.001 

CAL**** 5.45±0.90 - - 0.001 

PPD***** 4.83±0.84 - - 0.001 
*ANOVA -test, **Bleeding on Probing, ***Plaque Index, ****Clinical Attachment Loss, *****Probing Pocket Depth. 
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Table 2. Comparison of the mean difference in the serum levels of IL-6, CRP, and IgG measured in 

patients and controls 

Variable 

Healthy 

(control) 

Mean±SD 

Periodontitis 

Mean±SD 

Gingivitis 

Mean±SD 

p-value* 

(Comparison 

between 

periodontitis 

with healthy 

controls) 

p-value* 

(Comparison 

between 

gingivitis 

with healthy 

controls) 

p-value* 

(Comparison 

between 

periodontitis 

with 

gingivitis) 

IL-6** (pg/mL) 11.38±1.11a 17.39±1.50b 17.14±2.21b 0.001 0.001 0.84 

CRP***(ng/mL) 2.38±1.13a 5.44±3.77b 3.58±3.48a 0.001 0.31 0.05 

IgG**** (ng/mL) 9.48±1.08a 12.38±2.07b 15.01±2.38c 0.001 0.001 0.001 
*ANOVA -test, **Interleukin-6, ***C-reactive protein, ****Immunoglobulin G. 

 

The receiving operating characteristic (ROC) curve was used to investigate the possibility of using IL-6 

serum levels to diagnose periodontal disease, and the findings show that the area under the curve (AUC) 

value in the periodontitis group was 0.761, with a 95%-confidence interval (CI) ranging from 0.664 to 0.857 

at (p<0.001), and the cut off value was determined at maximum sensitivity and specificity (93.3% and 60%, 

respectively), and the findings show that the area under the curve (AUC) value in the gingivitis group was 

0.977. The 95% CI ranged from 0.941 to 1.000 at (p<0.001), and the cut off value was established at 

maximal sensitivity and specificity (93.3% and 100%), as shown in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                   (a)                                                                                      (b)  

Figure 1. ROC curve for levels of IL-6, (a) ROC of IL-6 in the periodontitis group, (b) ROC of IL-6 

in the gingivitis group 

 

The receiving operating characteristic (ROC) curve was used to investigate the possibility of using IgG 

levels in the serum to diagnose periodontal disease, and the findings show that in the periodontitis group, 

the area under the curve (AUC) value was 0.549, 95% CI ranged from 0.430 to 0.669 at (p=0.446), and cut 

off value was 10.4035ng/mL calculated at maximum sensitivity and specificity (86.7% and 46.7%  
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respectively), and based on results in the gingivitis group, the area under the curve (AUC) value was 0.959, 

95% CI ranged from 0.915 to1.000 at (p<0.001), and cut off value was 11.4935ng/mL calculated at 

maximum sensitivity and specificity (86.7% and 96.7%), as shown in Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                    (a)                                                                                     (b)  

Figure 2. ROC curve for levels of IgG, (a) ROC of IgG in the periodontitis group, (b) ROC of IgG in 

the gingivitis group 

Discussion 

The current study showed that IL-6, CRP, and IgG levels were significantly elevated in patients with 

periodontal disease compared to the healthy control group, and the periodontal parameters were significantly 

elevated in patients with periodontal disease compared to the healthy control group. Therefore, we note 

from these results that when any inflammation happens, even if it is a minor inflammation, this inflammation 

will increase inflammatory mediators, and lead to destruction of the tissues of the periodontium.  

Al-Taweel et al. showed that the serum levels of IL-6 are significantly higher in chronic periodontitis 

(CP) with coronary heart disease (CHD) compared to those with chronic periodontitis (CP) without  

CHD, and this study adds that periodontitis causes systemic inflammation. Cytokine levels in periodontitis 

patients may be a valuable screening tool for identifying people at higher risk of cardiovascular events (23). 

Delange et al. compared the levels of IL-6 with mild, moderate and severe periodontitis, and found  

that severe periodontitis had higher levels of IL-6 (24), in which IL6 levels were linked to inflammatory 

cases (3).   

This study showed a significant connection between periodontitis and serum CRP levels, and found high 

levels in periodontitis patients (25). A study conducted by Da Venezia et al. found no significant difference 

in serum level of CRP between gingivitis, periodontitis, and the healthy control group, but showed higher 

CRP levels in GCF with gingivitis and periodontitis, and found a strong relationship between periodontal 

disease and CRP levels (26). Several studies showed that CRP serum levels were greater in periodontitis 

and gingivitis patients compared to healthy controls, indicating the relation and increase with periodontal 

inflammation (27-29), in which CRP levels were linked to inflammatory cases (3).  
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This investigation, which included healthy, gingivitis, and periodontitis, despite differences in the 

subgingival microbiota, showed no significant differences in plasma antibody levels between patients with 

healthy control group, gingivitis, and early periodontitis (30). The results of this study showed differences 

between gingivitis, periodontitis, and healthy control group in IgG serum levels (31). Gadekar et al. found 

higher levels of mean IgG in plasma and saliva with chronic periodontitis compared to healthy control (32), 

and the recommendation was that the use of saliva and serum antibody titers for detecting patients with 

chronic periodontitis could be helpful (32).  

Periodontal disease is a multifactorial disease with many contributing factors such as smoking, diet, 

systemic diseases, and so on. One of the strengths of the present study was the exclusion of these points 

from this study. Studies in this field with these exclusions are limited, and one of the limitations of the 

present study is the small sample size. Because the disease is complex and different according to different 

sampling methodologies, disease diagnosis and measurement methods, and periodontal disease criteria, with 

the exclusions in this study, it has become difficult to find suitable samples for the study and the study will 

need longer time to complete. 

In this study, the periodontitis group had elevated levels of IL-6, CRP, and IgG in sera in comparison 

with the healthy control group. The gingivitis group also had highly elevated levels of IL-6, CRP, and IgG 

in sera. This indicates the stimulation of immune cells to secrete inflammatory mediators, and this result 

can be used as a diagnostic biomarker for periodontal diseases. Moreover, the study's cutoff values can be 

applied to estimate the health case or periodontal disease in patients, and these findings are useful in 

monitoring the progression of periodontal disease, and the transition from gingivitis to periodontitis, and 

high levels of inflammatory mediators are considered as risk factors for other diseases. 

Acknowledgment 

We would like to thank Assistant Professor Firas Al-Taweel and Zainab J Raheem from the staff of the 

Baghdad University/College of Dentistry. 

 

  

 [
 D

O
I:

 1
0.

22
08

8/
jb

um
s.

25
.1

.4
09

 ]
 

                               6 / 8

http://dx.doi.org/10.22088/jbums.25.1.409


The Association between Changes in Serum Biomarkers of Inflammatory …/ S. Salam Ali, et al                           415 

Journal of Babol University of Medical Sciences, 2023; 25(1): 409-416 

References 

1.Zhao M, Dai W, Wang H, Xue C, Feng J, He Y, et al. Periodontal ligament fibroblasts regulate osteoblasts by 

exosome secretion induced by inflammatory stimuli. Arch Oral Biol. 2019;105:27-34. 

2.Scherbaum I, Heidecke H, Bunte K, Peters U, Beikler T, Boege F. Autoantibodies against M5-muscarinic and beta1-

adrenergic receptors in periodontitis patients. Aging (Albany NY). 2020;12(16):16609-20. 

3.Emadi Majd FS, Ghadimi R, Hosseini SR, Bijani A, Jenabian N, Motalebnejad M, et al. The Association between 

Carbohydrate Intake and Periodontal Health in the Elderly. J Babol Univ Med Sci. 2022;24(1):33-40. [In Persian] 

4.Ibrahim ML, Lu C, Klement JD, Redd PS, Yang D, Smith AD, et al. Expression profiles and function of IL6 in 

polymorphonuclear myeloid-derived suppressor cells. Cancer Immunol Immunother. 2020;69(11):2233-45. 

5.AL-Gebori1 AM, Munshed Alosami MH, Al-Hashimi NH. Prevalence of 25-Hydroxy Vitamin D Deficiency and 

Some Biochemical Parameters in Iraqi Patients with Rheumatoid Arthritis and Their Associations with Disease 

Activity. Asian J Pharm Clin Res. 2020;13(4):132-6.  

6.Bruzzese V, Lazzarino AI. The paradoxical effect of IL-6 and implications for the use of Tocilizumab in Covid-19 

patients. Med Hypotheses. 2020;144:110284. 

7.Sulaiman GM, Al-Ansari RF, AL-Gebori AM, Khalil KAA, Albukhaty S, Ahmed EM, et al. Serum Levels of 

Interleukin 10, Interleukin 17A, and Calcitriol in Different Groups of Colorectal Cancer Patients. Jordan J Biol Sci. 

2022;15(1):75-81. 

8.Ali MS, Al-Rubae'i SHN, Ahmed NS. Association of rs1800629 tumor necrosis factor alpha polymorphism with risk 

of prostate tumors of Iraqi patients. Gene Rep. 2019;17: 100477. 

9.Tadayon K, Jahangir M. Ceramic Lumineers and Periodontal Diseases: A Review of Current Literature. Int J Med 

Invest. 2023;12(1):8-14. 

10.Chen IM, Johansen AZ, Dehlendorff C, Jensen BV, Bojesen SE, Pfeiffer P, et al. Prognostic Value of Combined 

Detection of Serum IL6, YKL-40, and C-reactive Protein in Patients with Unresectable Pancreatic Cancer. Cancer 

Epidemiol Biomarkers Prev. 2020;29(1):176-84.  

11.Villar-Fincheira P, Sanhueza-Olivares F, Norambuena-Soto I, Cancino-Arenas N, Hernandez-Vargas F, Troncoso 

R, et al. Role of Interleukin-6 in Vascular Health and Disease. Front Mol Biosci. 2021;8:641734. 

12.Dix C, Zeller J, Stevens H, Eisenhardt SU, Tung Shing KSC, Nero TL, et al. C-reactive protein, immunothrombosis 

and venous thromboembolism. Front Immunol. 2022;13:1002652. 

13.Sproston NR, Ashworth JJ. Role of C-Reactive Protein at Sites of Inflammation and Infection. Front Immunol. 

2018;9:754. 

14.Musa IS, Saheb EJ, Kuba RH. Toxoplasmosis and Its Potential Role to Change the Levels of C-reactive protein and 

Vitamin D3 in Atherosclerosis Patients. Iraqi J Sci.2021;62(6):1787-92. 

15.Zhou YZ, Teng XB, Han MF, Shi JF, Li CX, Zhang XH, et al. The value of PCT, IL-6, and CRP in the early 

diagnosis and evaluation of COVID-19. Eur Rev Med Pharmacol Sci. 2021;25(2):1097-100.  

16.Luo X, Zhou W, Yan X, Guo T, Wang B, Xia H, et al. Prognostic Value of C-Reactive Protein in Patients With 

Coronavirus 2019. Clin Infect Dis. 2020;71(16):2174-9. 

17.de Souza Pires-Neto O, da Silva Graça Amoras E, Queiroz MAF, Demachki S, da Silva Conde SR, Ishak R, et al. 

Hepatic TLR4, MBL and CRP gene expression levels are associated with chronic hepatitis C. Infect Genet Evol. 

2020;80:104200. 

18.Rose-John S. Interleukin-6 Family Cytokines. Cold Spring Harb Perspect Biol. 2018;10(2):a028415. 

19.Murakami S, Matsumoto R, Kanamori T. Constructive approach for synthesis of a functional IgG using a 

reconstituted cell-free protein synthesis system. Sci Rep. 2019;9(1):671. 

 [
 D

O
I:

 1
0.

22
08

8/
jb

um
s.

25
.1

.4
09

 ]
 

                               7 / 8

http://dx.doi.org/10.22088/jbums.25.1.409


416                            The Association between Changes in Serum Biomarkers of Inflammatory …/ S. Salam Ali, et al 

Journal of Babol University of Medical Sciences, 2023; 25(1): 409-416 

20.Andrianus EP, Masulili SLC, Lessang R, Tadjoedin FM, Hutomo DI, Wulandari P, et al. Immunoglobulin G Levels 

in the Gingival Crevicular Fluid of Menopausal Patients with Periodontitis. Pesqui Bras Odontopediatria Clin Integr. 

2021;21:e5940. 

21.Štambuk J, Nakić N, Vučković F, Pučić-Baković M, Razdorov G, Trbojević-Akmačić I, et al. Global variability of 

the human IgG glycome. Aging (Albany NY). 2020;12(15):15222-59. 

22.Merchant AT, Vidanapathirana N, Yi F, Celuch O, Zhong Z, Jin Q, et al. Association between groups of 

immunoglobulin G antibodies against periodontal microorganisms and diabetes-related mortality. J Periodontol. 

2022;93(7):1083-92. 

23.Al-Taweel FBH, Saliem SS, Abd OH, Whewell SA. Assessment of serum interleukin-1β and interleukin-6 levels 

in patients with chronic periodontitis and coronary heart disease. Eur J Gen Dent. 2021;10:78-83. 

24.Delange N, Lindsay S, Lemus H, Finlayson TL, Kelley ST, Gottlieb RA. Periodontal disease and its connection to 

systemic biomarkers of cardiovascular disease in young American Indian/Alaskan natives. J Periodontol. 

2018;89(2):219-27. 

25.Machado V, Botelho J, Escalda C, Hussain SB, Luthra S, Mascarenhas P, Orlandi M, Mendes JJ, D'Aiuto F. Serum 

C-Reactive Protein and Periodontitis: A Systematic Review and Meta-Analysis. Front Immunol. 2021;12:706432.  

26.Da Venezia C, Hussein N, Hernández M, Contreras J, Morales A, Valdés M, et al. Assessment of Cardiovascular 

Risk in Women with Periodontal Diseases According to C-reactive Protein Levels. Biomolecules. 2021;11(8):1238. 

27.Li P, He L, Chen ZB, Luan QX. Biomarkers in Metabolic Syndrome Patients with Chronic Periodontitis. Chin J 

Dent Res. 2020;23(3):191-7. 

28.Gupta S, Suri P, Patil PB, Rajguru JP, Gupta P, Patel N. Comparative evaluation of role of hs C -reactive protein 

as a diagnostic marker in chronic periodontitis patients. J Family Med Prim Care. 2020;9(3):1340-7. 

29.Kenali NM, Fathil NHM, Bohari N, Ismail AF, Ramli R. Dental Development between Assisted Reproductive 

Therapy (Art) and Natural Conceived Children: A Comparative Pilot Study. Syst Rev Pharm. 2020;11(1):01-06. 

30.Tanner AC, Kent RL, Maiden MF, Macuch PJ, Taubman MA. Serum IgG reactivity to subgingival bacteria in initial 

periodontitis, gingivitis and healthy subjects. J Clin Periodontol. 2000;27(7):473-80. 

31.Nobre Dos Santos-Lima EK, Araújo Paiva Andrade Cardoso K, Mares de Miranda P, Cirino de Carvalho-Filho P, 

Passos Rocha T, Ferreira de Moura-Costa L, et al. Novel synthetic peptide derived from Porphyromonas gingivalis 

Lys-gingipain detects IgG-mediated host response in periodontitis. Anaerobe. 2020;61:102140. 

32.Gadekar NB, Hosmani JV, Bhat KG, Kotrashetti VS, Nayak RS, Babji DV, et al. Detection of antibodies against 

Aggregatibacter actinomycetemcomitans in serum and saliva through ELISA in periodontally healthy individuals and 

individuals with chronic periodontitis. Microb Pathog. 2018;125:438-42. 

 

 

 

 

 

 

 

 

 

 

 

 [
 D

O
I:

 1
0.

22
08

8/
jb

um
s.

25
.1

.4
09

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

http://dx.doi.org/10.22088/jbums.25.1.409
http://www.tcpdf.org

