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Introduction
The onset, progression, and severity of periodontal 

diseases are related to the interaction between periodontal 
micro-organism and host immune response [1]. It has been 
noted that periodontal pathogens like Porphyromonas 
gingivalis are able to invade gingival tissue [2] and are able 
to gain access to the systemic circulation [3]. This periodontal 
systemic disease interrelationship is believed to be mediated 
through systemic inϐlammatory reactants such as acute-phase 
proteins and immune effectors [4,5]. Recent evidences [6-9] 
suggest that periodontal infection may signiϐicantly enhance 
the risk for various systemic diseases.

The similarities between rheumatoid arthritis and chronic 

periodontitis exist both at the cellular and molecular level [10]. 
However, study [11] have reported an increased prevalence 
of rheumatoid arthritis in a patient with periodontal diseases. 
Treatment of periodontal disease has demonstrated a 
signiϐicant reduction in erythrocyte sedimentation rate (ESR) 
which in turn has shown improvement of clinical indices on 
rheumatoid arthritis activity [12]. Recently isolated molecule 
in human serum and synovial ϐluids is a 40- kDa protein, 
YKL- 40 (human cartilage glycoprotein-39) [HC-gp39]. It is an 
acute-phase protein, a novel potential inϐlammatory marker 
for both acute and chronic inϐlammation [13].

 YKL-40 is also known as Human Chitinase-3-like Protein 
1(CHI3L1). The amino acid sequence of YKL -40 is related to 
the chitinase protein family, but it has no chitinase activity 
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[14]. Previous study [15] showed that plasma concentration 
of YKL-40 increases reversibly > 25% after an inϐlammatory 
stimulus. Serum or plasma levels of YKL-40 are higher in 
patients with several systemic diseases characterized by 
inϐlammation, such as rheumatoid arthritis [8,9], osteoarthritis 
[16], coronary arteries diseases [15] myocardial infarction 
(MI) [17] etc. Serum YKL-40 level in patients with clinically 
active rheumatoid arthritis was found to be higher than that 
of clinically inactive patients and was decreased by steroid 
treatment [18]. Studies [19,20]. linking the presence of YKL-
40 in inϐlammatory periodontal diseases has positively co-
related with other inϐlammatory cytokines (IL-6, TNF-α, etc.). 

Hence, we speculated the presence of YKL-40 in both 
chronic periodontitis and rheumatoid arthritis. The purpose 
of this study was to detect and estimate the levels of YKL-40 
in gingival crevicular ϐluid (GCF) of a patient with healthy 
gingiva, chronic periodontitis, and rheumatoid arthritis with 
chronic periodontitis and to correlate with clinical parameters 
of periodontal disease.

Materials and methods
Patients were recruited from Government general hospital, 

Yelahanka, Bangalore 560064. From the outpatient section, 
Department of Periodontology, KCDS, Patients with healthy 
periodontium, chronic periodontitis, and rheumatoid arthritis 
having chronic periodontitis were included in the study. A 
total of 45 patients were divided into the following groups: 
Group I (Healthy/control) 15 subjects (2 males & 13 females), 
Group II (Chronic periodontitis) 15 subjects (6 males & 9 
females), and Group III (Rheumatoid arthritis with chronic 
periodontitis) 15 subjects (3 males & 12 females) aged 25-
55 years. The subjects have informed of the nature, potential 
risks, and beneϐits of their participation in the study, and an 
informed signed consent was obtained. 

The study approval was obtained from the Institutional 
Review Board and Ethical Committee (Ref. No. KCDS/165 
/2018-19) on 22/10/2018 of Krishnadevaraya College of 
Dental Sciences and Hospital, afϐiliated to the Rajiv Gandhi 
University of Health Sciences, Bangalore, Karnataka, India. 
The clinical trial registry was done with registration number: 
NCT03995615.

Patients satisfying the following inclusion and exclusion 
criteria were included. Inclusion criteria were patients 
with generalized initial to moderate chronic periodontitis, 
patients with active rheumatoid arthritis diseases 
considered according to 1987 revised classiϐication criteria 
of the American rheumatism association, as well as the 2010 
Rheumatoid factor classiϐication criteria of the American 
college of rheumatology and European League Against 
Rheumatism having seropositive for Rheumatoid factor (RA) 
with a DAS scoring between ≥ 3.2 to ≤ 5.1, a patient who had 
not received any periodontal treatment in last six months, 
and a patient who are co-operative and were able to attend 
follow-up. Exclusion criteria were any systemic diseases such 
as diabetic Mellitus and thyroid diseases, former and current 

smokers, pregnant and lactating females, and use of antibiotics 
or Diseases Modifying Anti-Rheumatic Drugs (DMARD) that 
affects the periodontal status in the last six months.

Criteria for grouping

Group I (Control): 15 healthy subjects having probing 
depth < 3 mm and ≤ 10% sites with bleeding on probing 
(Figure 1a). 

Group II: 15 healthy subjects with chronic periodontitis 
patients having probing depth ≥ 4 mm and relative attachment 
level ≥ 3 mm, ≥ 25% of sites with gingival bleeding (Figure 1b).

Group III: 15 Rheumatoid arthritis patients with DAS 
between ≥ 3.2 to ≤ 5.1 having chronic periodontitis with 
probing depth ≥ 5 mm, relative attachment loss of ≥ 8 mm and 
≥ 10% sites with bleeding on probing (Figure 1c).

Clinical parameters recorded: Plaque Index (PI), Gingival 
Index (GI), Gingival Bleeding Index (GBI), Periodontal Pocket 
Depth (PPD), and Relative Attachment Levels (RAL) (Figure 1d)
using graduated Williams’s periodontal probe. 

GCF collection: GCF samples were collected using 
absorbable paper strips Periocol, ORAFLOW®, USA paper 
strips by extra sulcular method. Periocol strip was placed into 
the sulci/pocket gently until mild resistance was sensed. It 
was left in place for the 30s. Samples contaminated by saliva or 
blood were discarded. A total of 45 GCF samples were collected 
for analysis. Volumetric analysis was done using Periotron 
8000 and readings were recorded. Samples were placed in an 
Eppendorf tube containing 200 μL of PBS. To elute the GCF 
from paper strips, the tubes were centrifuged for 5 minutes 
at 3000 rpm to remove plaque and cellular elements. The 
strips were removed and the samples were stored at -80 0C
until further use.

Estimation of YKL-40 with ELISA 

YKL-40 levels in GCF were determined by using an ELISA 
kit. Immunoassay was done according to manufacturer’s 
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Figure 1: a) Group I: Healthy periodontium ; b) Group II: Chronic periodontitis with 
probing depth of > 4 mm; c) Group III: Rheumatoid arthritis with chronic periodontitis 
with probing depth of > 4 mm; d) Measurement of Relative attachment level.
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instructions (KINESIS Dx)® The ELISA kit uses sandwich 
enzyme-linked immunosorbent assay to assay the level 
of Human Chitinase-3-like Protein 1(CHI3L1) in samples. 
Chitinase-3-like Protein 1(CHI3L1) is added to wells pre-
coated with monoclonal Chitinase-3-like Protein 1(CHI3L1) 
antibody. After incubation, added secondary antibodies 
labeled with biotin followed by Streptavidin-HRP to form 
an immune complex. Unbound immune complex is removed 
by washing step. Then the addition of Chromogenic Solution 
A and B develops blue color and a stop solution is added to 
stop the reaction. Samples analyses were repeated to conϐirm. 
The concentration of CHI3L1 was directly proportional to the 
color developed. The absorbance of the reacting solution in 
wells was determined at 450 nm. The concentrations of YKL-
40 are expressed as picograms per microliter.

Statistical analysis

The mean value, standard deviation (SD), minimum and 
maximum age distribution of the study population were 
calculated using Kruskal Walli’s test and gender distribution 
between three groups using the Chi-Square test. Independent 
Student t - test was used to compare the mean RAL levels 
between Group II & III. For the non-parametric test, the 
Kruskal Wallis test followed by Mann Whitney post hoc 
analysis was used to compare the mean YKL-40 levels [in pg/
ml] between three study groups. The level of signiϐicance was 
set at p < 0.05. Spearman’s Correlation test was performed 
to assess the relationship between YKL-40 levels and other 
study parameters in each study group. 

Results
Comparison of various clinical parameters between 
groups

The mean PI, GI, GBI, and PD scores between Group I 
versus Group II and between Group I versus Group III were 
found statistically signiϐicant (p < 0.001), between Group II 
versus Group III, showed no statistically signiϐicant (Table 1). 

Comparison of RAL between Group II and Group III: 
The mean RAL score showed no difference between GroupII 
and GroupIII, which was statistically not signiϐicant (p = 0.26 
and p = 0.55) (Table 2).

Comparison of YKL-40 level among all three groups: 
The mean YKL-40 concentration of GCF in Group I, Group 
II, and Group III were 408.17 pg/ml, 1236.39 pg/ml, and 
1342.75 pg/ml. (Graph 1). The mean YKL-40 levels in GCF 
between Group I versus Group II (408.17 vs. 1236.39) and 
between Group I versus Group III (408.17 vs. 1342.75) were 
found to be statistically signiϐicant (p < 0.001), between Group 
II versus Group III (1236.39 vs. 1342.75) showed no statistical 
signiϐicance (p = 0.22) (Table 3).

Correlation between YKL-40 level and clinical 
parameters: Correlation of GCF YKL-40 with clinical 
parameters demonstrated increased severity of the diseases 

increased its levels. A moderate to strong correlation was 
shown in all the clinical parameters between Group II and 
Group III patients. Whereas Group I showed a negative 
correlation with the clinical parameters (PI, GI, GBI, and PD) 
(Table 4). 

Discussion
Rheumatoid arthritis (RA) leads to systemic inϐlammation 

at a chronic level, affecting adversely the cartilage and 
bones pertaining to small joints of the limbs. This may cause 
contrasting degrees of deformity and functional disability 
[22]. PD was found afϐiliating with RA, despite the fact that 
the etiologies of the two conditions are different [23] the 
reason may be attributed to the similarity of the underlying 
pathological processes, such that individuals in danger of 
acquiring one condition are also at risk for the other [10]. 

Porphyromonas gingivalis (Pg) was found signiϐicantly present 
in periodontitis, and it is also correlated with the occurrence 
of RA [23]. Antibodies associated with RA have also been 
detected in periodontitis patients not suffering from RA [22]. 

Inϐlamed periodontal tissues also show increased levels of 

0.00

200.00

400.00

600.00

800.00

1000.00

1200.00

1400.00

408.17

1236.39
1342.75

]l
m/gp ni[ sleveL PL3C

H nae
M

Graph 1: Comparison of mean GCF YKL-40 levels (pg/ml) among the study group.

Table 1: Intergroup comparison between Group I, Group II, and Group III.
Parameters Sig. Diff N Mean p - valueb

Plaque Index
Group I vs. Group II 15 0.49 vs. 1.58 < 0.001*
Group I vs. Group III 15 0.49 vs. 1.37 < 0.001*
Group II vs. Group III 15 1.58 vs. 1.37 0.45

Gingival 
Index

Group I vs. Group II 15 0.59 vs. 1.69 0.008*

Group I vs. Group III 15 0.59 vs. 1.73 < 0.001*

Group II vs. Group III 15 1.69 vs. 1.73 0.15

Gingival 
bleeding 

Index

Group I vs. Group II 15 1.52 vs. 5.97 < 0.001*

Group I vs. Group III 15 1.52 vs. 6.81 < 0.001*

Group II vs. Group III 15 5.97 vs. 6.81 0.57

Probing 
depth

Group I vs. Group II 15 1.47 vs. 6.13 < 0.001*
Group I vs. Group III 15 1.47 vs. 6.67 < 0.001*
Group II vs. Group III 15 6.13 vs. 6.67 0.37

*p ≤ 0.001 - Statistically signifi cant; Note: b. p - value derived by Tukey's post hoc test.

Table 2: Comparison of mean Relative attachment levels between Group II & Group III.

Parameter Group N Mean SD Mean Diff p - Value

Relative 
attachment level 

Group II 15 8.87 0.83
-0.20 0.55

Group III 15 9.07 0.96
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cyclic citrullinated proteins (CCPs), along with the presence 
of anti-citrullinated protein antibody (ACPAs) in GCF, saliva, 
and serum of patients of RA [22,24]. As well as CP [24]. Studies 
investigating the role of post-translation modiϐication of 
proteins (ACPA) in the association between RA and PD have 
shown an association with PD severity and inϐluenced by 
periodontal treatment with RA [26-28].

YKL-40 is a C-reactive protein that belongs to the positive 
Acute Phase Proteins (APP) variety [29]. Growing clinical 
evidence shows that increased secretion of YKL-40 is related 
to the pathogenesis of a variety of inϐlammatory diseases. 
Studies investigating the relationship between YKL-40 and 
periodontal diseases have indicated an association between 
YKL-40 levels and periodontal diseases in gingival crevicular 
ϐluid (GCF) [19,30-32] and serum [33]. Therefore, YKL-40 
is not a disease-speciϐic molecule, seems to be a potential 
mediator in inϐlammatory diseases [13].The expression of 
YKL-40 an acute phase protein in both rheumatoid arthritis 
(Volck’s 2001 and Peltom 2001) [16,34] and periodontitis 
(Keles 2014 and Kedo 2015) [19,31]. was seen. 

In the present study, the mean PI, GI, GBI, and PD scores 
for Group II and Group III patients were signiϐicantly higher 
than in the control group (Group I). Furthermore, on the 
intergroup comparison, the difference in mean PI, GI, and GBI 
scores was statistically highly signiϐicant (p ≤ 0.001). Similar 
observations were made by Keles, et al. [19], Kido, et al. [31], 
Zhao, et al. [35] and Rodriguez Lozano, et al. [36], reported 
higher PI, GI, and GBI scores in rheumatoid arthritis with 
chronic periodontitis (RAPD) patients than in a healthy group. 
This ϐinding validates the positive role played by the local 
factors in the etiopathogenesis of gingival and periodontal 
disease. In our study, occlusal stents were prepared for CP 
and RAPD patients and RAL was calculated. Comparison 
between Group II and Group IIII did not show any statistically 

signiϐicant difference, where the p < 0.55. These results 
were contrary to Keles, et al. [19,32], where they compared 
CAL between healthy/gingivitis and chronic periodontitis 
(p < 0.05). Zhao, et al. [35] demonstrated the highly signiϐicant 
(p < 0.001) difference between healthy and rheumatoid 
arthritis patients. In the study done by Damodar, et al. [30], 
the intra-and intergroup comparison showed a statistically 
signiϐicant difference (p < 0.001) in CAL parameters in 
patients with and without diabetes mellitus (DM), six weeks 
post-intervention (Scaling and Root planning). 

In our study, the GCF concentration of YKL-40 was found 
highest in Group III patients followed by Group II, and least 
in Group I. On intergroup comparison, the difference in the 
mean GCF concentration of YKL-40 was statistically highly 
signiϐicant (p ≤ 0.001). According to Keles, et al. [19], the 
level of GCF YKL-40 in CP patients is greater than in healthy 
controls. According to Kido et al. [31], the level of GCF YKL-
40 in CP patients with and without diabetes is greater than 
in healthy controls. Keles, et al. [32] and Damodar, et al. [30] 
reported that baseline mean GCF YKL-40 level reduced at 6 
weeks post periodontal therapy.

The present study clearly shows that the total amount 
of GCF YKL-40 was higher in periodontal tissue breakdown. 
YKL-40 is considered to be associated with the severity of 
periodontal diseases. GCF YKL-40 levels between Group II and 
Group III were not signiϐicant. The hypothetical explanation 
for this is due to elevated levels of YKL-40 detected in GCF 
of chronic periodontitis patients and rheumatoid arthritis 
with chronic periodontitis patients might be due to YKL-40 
produced locally by inϐlammatory cells in the periodontium. 
This substantiates similarity in the pathogenesis of rheumatoid 
arthritis and periodontitis. The mean concentration of YKL-40 
in GCF showed a three to four folds increase in its levels when 
compared to healthy controls (p < 0.001). Correlation of GCF 
YKL-40 with clinical parameters demonstrates a moderate to 
strong correlation was shown in all the clinical parameters 
between Group II and Group III patients. Whereas Group I 
showed a negative correlation with the clinical parameters 
(PI, GI, GBI, and PD). The study had some limitations: 1. 
The small size of the study was with the p - value < 0.05. 2. 
Gingivitis group was not included. 3. Periodontal intervention 
was not considered for CP and RA with CP patients. Further 
studies, with larger sample size and estimating changes of 
YKL 40 levels with intervention are required.

Conclusion
The present study indicates that GCF YKL-40 was minimum 

Table 3: Intergroup comparison of GCF YKL-40 between three groups. Comparison of mean GCF YKL-40 (pg/ml) b/w 3 study groups using Kruskal Wallis Test followed by 
Mann Whitney post hoc Analysis

Parameters Groups N Mean SD Min Max p - valuea Sig. Diff p - valueb

GCF YKL-40 (pg/ml)
Group I 15 408.17 139.19 157.6 639.7

< 0.001*
Group I vs. Group II < 0.001*

Group II 15 1236.39 97.90 983.6 1376.5 Group I vs. Group III < 0.001*
Group III 15 1342.75 269.93 934.4 1745.8 Group II vs. Group III 0.22

*p ≤ 0.001 Statistically signifi cant; Note: b. p - value derived by Mann Whitney post hoc test.

Table 4: Correlation of GCF YKL- 40 and clinical parameters between three groups.
Group Variable Values PI GI BOP PD RAL

Group I GCF YKL-40
rho -0.01 -0.49 0.00 -0.22 NA

p - value 0.98 0.07 0.99 0.44 NA

Group II GCF YKL-40
rho 0.64 0.61 0.64 0.69 0.63

p - value 0.01* 0.02* 0.01* 0.005* 0.01*

Group III GCF YKL-40
rho 0.62 0.60 0.63 0.67 0.56

p - value 0.01* 0.02* 0.01* 0.007* 0.03*
* p ≤ 0.001 - Statistically signifi cant;
Correlation coeffi  cient range
0.0 - No Correlation
0.01 - 0.20 - Very Weak Correlation
0.21 - 0.40 - Weak Correlation
0.41 - 0.60 - Moderate Correlation
0.61 - 0.80 - Strong Correlation
0.81 - 1.00 - Very Strong Correlation
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for Group I patients and maximum for Group III patients. YKL-
40 levels were intermediate in Group II patients. With the 
increase in severity of periodontal destruction from healthy 
periodontium to chronic periodontitis, there was a substantial 
increase in the concentration of YKL-40 in GCF. YKL-40levels 
in GCF were positively correlated with all clinical parameters 
only in Group II and Group III patients. The measurement of 
YKL-40 in GCF samples may be used as a novel marker for 
periodontal disease activity.
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