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ABSTRAC T
Introduction: Tobacco smoking is a very common addiction worldwide and an environmental factor predisposing to periodontal disease. The role of cytokines and chemokines in chronic periodontitis pathogenesis has
been previously confirmed. Evaluating serum cytokines and chemokines is essential in determining inflammatory responses in periodontitis patients. Previous findings imply a close relationship between elevated cytokine
interleukin-18 (IL-18) levels and chronic periodontitis pathogenesis in smokers; however, the usefulness of IL-18
as an inflammatory marker in gingivitis remains unclear. The aim of the study was to analyze IL-18 levels in
smokers with chronic periodontitis.
Objectives: The purpose of this study was to analyze the relevance of IL-18 levels to the severity of chronic
periodontitis in smokers in terms of the radiographic features of mandibular posterior teeth.
Material and methods: A cross-sectional study of 76 male subjects aged 19-34 years with chronic periodontitis in Depok, Indonesia was performed. Clinical data (OHIS, pockets, CAL), smoking status, and IL-18 samples
were collected; samples were detected using ELISA.
Results: IL-18 levels in smokers with moderate periodontitis were higher than in those with mild periodontitis.
However, the results showed that the differences in IL-18 levels were not significant based on daily cigarette consumption, and no significant correlation was revealed regarding IL-18 concentrations in smokers based on smoking duration. The correlation test results demonstrated a significant relationship between periodontitis severity
and the number of cigarettes consumed per day, but no significant correlation between periodontitis severity in
smokers and smoking duration.
Conclusions: IL-18 levels in saliva and gingival crevicular fluid can be used as a predictable biomarker
for periodontal disease progression, but cannot be used to determine the patients’ smoking habits. Further
studies are required to confirm the relationship between IL-18 and chronic periodontitis in smokers.
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INTRODUCTION
Smoking is one of the most common addictions in
the world today. The World Health Organization estimates that there are approximately 1,100 million tobacco smokers worldwide [1]. Smoking has been implicated
as an etiological agent for various chronic diseases, including infections, cancers, heart diseases, and chronic lung diseases, which together are the leading causes
of morbidity and mortality in the world [2]. Cigarette
smoking has been associated with periodontal disease for the past 20 years [3], but smoking alone does
not cause periodontal disease. Periodontal disease is
caused by bacterial plaque that accumulates underneath
gingival tissues and becomes infected, initiating bone
loss around the teeth. Once periodontal disease starts,
smokers lose bone at a faster rate than nonsmokers due
to the effect of nicotine on the circulatory system, which
in turn reduces blood flow and oxygen intake by hemoglobin, hindering the body’s ability to fight the infection
and bone resorption [4].
Several studies have confirmed the role of cytokines
and chemokines in the pathogenesis of chronic periodontitis. The secretion of cytokines and chemokines can
be influenced by certain environmental factors, of which
tobacco smoking is one of the greatest influences. One
such host factor is interleukin (IL)-18, a multifunctional
proinflammatory cytokine from the IL-1 family. It was
initially identified as an interferon-γ (IFN-γ) inducer and
subsequently associated with obesity, atherosclerosis, insulin resistance, glucose intolerance, and cardiovascular
diseases. In addition, high levels of IL-18 can be considered as predictive for type 2 diabetes progression [5].
Recently, IL-18 was reported to be higher in both gingival tissue and gingival crevicular fluid in patients with
periodontitis than in healthy subjects [6], suggesting
that excessive IL-18 in gingival tissue could be a key
stimulator of periodontal disease.
Different results were found by Boronat-Catalá et al.
In 2 of the 3 studies that analyzed IL-18 using the enzyme-linked immunosorbent assay (ELISA), the authors
found lower IL-18 levels in the healthy and high-risk
patient groups with periodontitis and no difference in
the other study groups. No study has linked IL-18 with
chronic periodontitis in smokers. Therefore, there is no
clear consensus on the utility of IL-18 as an inflammatory marker of gingivitis; thus, further research is needed
to determine a relationship between IL-18 and chronic
periodontitis in smokers [7].
The severity of chronic periodontitis can be detected by radiographic features. The posterior mandible is
the region with the majority of periodontal abnormalities and is in position for manipulation of radiographic imaging as it is not at the angle of the jaw [8]. There
are few reports on the role of IL-18 in the treatment
of chronic periodontitis in smokers. No similar research
has examined the severity of chronic periodontitis via
J Stoma 2018, 71, 3

radiographic features. Chronic periodontitis is often
found in the mandibular posterior teeth [9, 10].

OBJECTIVES
The purpose of this study was to analyze the relevance of IL-18 levels to the severity of chronic periodontitis in smokers in terms of the radiographic features
of mandibular posterior teeth.

MATERIAL AND METHODS
PATIENT POPULATION
A cross-sectional study was performed in 76 smokers, ranging in age between 19 and 34 years, who were selected based on the previously established inclusion and
exclusion criteria. All study subjects were men working
as police officers at Depok. The initial research phase was
conducted at the dentistry department at Depok in April
2018. All subjects were asked to fill out a questionnaire
that included questions on smoking habits, and samples
of gingival crevicular fluid were collected from them to
determine IL-18 levels. Next, ELISA techniques were
used to analyze the samples in the Integrated Laboratory
of the Faculty of Medicine, Universitas Indonesia. Radiographic examinations were conducted to determine
the degree of severity of periodontal status in April 2018
at the Radiology Department of Bhayangkara Kelapa
Dua Hospital, Depok, using the periapical radiographic
technique.

INCLUSION CRITERIA
The study subjects included adults aged 19-34 years,
with a history of chronic periodontitis and smoking who
were willing to be a research sample and provide signed
informed consent.

EXCLUSION CRITERIA
Exclusion criteria included a history of aggressive
periodontal disease, systemic disease, not smoking, no
periodontal treatment in the last 3 months, and use
of antibiotics in the past month.

SAMPLE COLLECTION
Gingival crevicular fluid samples were collected from
periodontal pockets in patients with chronic periodontitis and from gingival sulcus in periodontally healthy
patients by placing paper points in the sulcus or pocket
for 30 seconds. Supragingival plaque was cleaned from
the oral and interproximal surfaces of the teeth, dried
255
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TABLE 1. Distribution of subjects by age
Age (years)

N (76)

%

< 20

4

5.26

21-25

58

76.32

26-30

7

9.21

31-34

7

9.21

TABLE 3. Distribution of IL-18 levels by degree of periodontitis and total cigarette consumption per day
Variables

N (76)

IL-18 levels (pg/ml)
Mean (SD)

Min-Max

Degree of periodontitis
Mild

49

6.22 (3.30)

2.83-20.23

Moderate

27

8.10 (4.21)

2.00-18.88

Total cigarette consumption per day

TABLE 2. Distribution of subjects by smoking habit
Subjects

N (76)

%

Duration of smoking
< 10 years

65

85.52

10-20 years

11

14.48

> 20 years

0

0

Total cigarette consumption per day
Light smokers

24

31.58

Moderate smokers

29

38.16

Heavy smokers

13

30.26

*Light smokers smoked ≤ 10 cigarettes, moderate smokers smoked between half and
1 pack per day, and heavy smokers smoked between 1 and 2 packs per day [10].
*1 pack = 20 cigarettes [10].

gently with air, and kept dry with gauze. Samples of filter Periopaper strips were stored in Eppendorf tubes at
−20°C for later immunological analysis.

ELISA TO MEASURE IL-18
The IL-18 concentration was measured in gingival
crevicular fluid samples using an IL-18 ELISA kit (MyBioSource, San Diego, CA, USA) according to the manufacturer’s instructions.

STATISTICAL ANALYSIS
Next, numerical descriptive data were analyzed using SPSS Statistics software version 20.0. Data analysis
in this research used descriptive statistics and statistical
hypotheses to analyze whether there are differences in
IL-18 levels between groups of research samples. The average comparison test in this study used one-way analysis
of variance and post hoc analysis with the t test.

RESULTS
SUBJECT DISTRIBUTION
The distribution of subjects by age is shown in Table 1.
The data show that most subjects (as many as 58 people
[76.32%]) ranged in age between 21 and 25 years. Four
subjects (5.26%) were aged < 20 years.
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Light smokers

24

6.28 (3.36)

2.00-18.88

Moderate smokers

39

7.23 (4.24)

2.69-20.23

Heavy smokers

13

6.98 (2.71)

3.27-10.61

*Light smokers smoked ≤ 10 cigarettes, moderate smokers smoked between half and
1 pack per day, and heavy smokers smoked between 1 and 2 packs per day [10].
*1 pack = 20 cigarettes [10].

Subjects were divided based on their smoking habits
calculated by smoking duration and total cigarette consumption per day (Table 2). Subjects who smoked 1-10
years had the largest distribution (65 [85.52%]) and subjects who smoked for 10-20 years had a smaller distribution (11 [14.48%]). Overall, 29 subjects (38.16%) smoked
11-20 cigarettes per day, 24 (31.58%) smoked ≤ 10 cigarettes
per day, and 13 (30.26%) smoked > 20 cigarettes per day.

UNIVARIATE ANALYSIS
Table 3 shows the data distribution results for
the current study. Subjects with moderate periodontitis
had a higher mean value of IL-18 (8.10 ± 4.21 pg/ml)
than those with mild periodontitis (6.22 ± 3.30 pg/ml).
IL-18 levels in moderate smokers were higher (7.23 ±
4.24 pg/ml) than those in heavy smokers (6.98 ± 2.71 pg/
ml) and light smokers (6.28 ± 3.36 pg/ml).

BIVARIATE ANALYSIS
The data normality test was performed to determine
the distribution of data for IL-18 with regard to the degree of periodontitis, the number of cigarettes smoked
per day, and the smoking duration in the study sample.
Data are presented in Table 4.
The normality test of data using the Shapiro-Wilk
test was done because each group of subjects had a total
sample of < 50 participants. The results of the normality
test of data indicate that each variable has abnormal data
normality distribution.
Differences in IL-18 levels in smokers based
on the degree of periodontitis were analyzed using
the Mann-Whitney test. Table 5 shows higher IL-18 levels in smokers with moderate versus mild periodontitis
(p < 0.05).
A comparative analysis of IL-18 levels according
to daily cigarette consumption was conducted using
the Kruskal-Wallis nonparametric comparative test
Journal of Stomatology * http://www.jstoma.com
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TABLE 6. Comparative analysis of IL-18 in smokers based on cigarette consumption per day

TABLE 4. Data normality test results
Variables

IL-18 levels

Degree of periodontitis
Mild

0.001

Moderate

0.067*

Total cigarette consumption per day
Light smokers

0.001

Moderate smokers

0.001

Heavy smokers

0.07*

Smoking duration

0.001

TABLE 5. Comparative analysis of IL-18 levels in smokers
based on periodontitis degree
IL-18 levels (pg/ml)
Mean (SD)

Median (Min-Max)

Mild

6.22 (3.30)

5.36 (2.83-20.23)

Moderate

8.10 (4.21)

7.03 (2.00-18.88)

Mean (SD)

Median (Min-Max)

Light smokers

6.28 (3.36)

5.70 (2.00-18.88)

Moderate smokers

7.23 (4.24)

7.23 (2.69-20.23)

Heavy smokers

6.98 (2.71)

6.57 (3.27-10.61)

p
0.709

Kruskal-Wallis test, *p < 0.05 indicates significant difference.

Shapiro-Wilk test, *p ≥ 0.05 normal data distribution.
*Light smokers smoked ≤ 10 cigarettes, moderate smokers smoked between half and
1 pack, and heavy smokers smoked between 1 and 2 packs per day [10]. 1 pack = 20 cigarettes [10].

Periodontitis
degree

IL-18 levels (pg/ml)

Total cigarette
consumption per day

p
0.024*

Mann-Whitney test, *p < 0.05 indicates significant difference.

TABLE 7. Correlation analysis of IL-18 to smoking duration
IL-18 levels (pg/ml)

Smoking
Smoking duration

r

p

−0.14

0.24

Spearman test, *p < 0.05 strong correlation.

TABLE 8. Correlation analysis of degree of periodontitis
and total cigarette consumption
Smokers

Severity of periodontitis (n/%)

p

Mild

Moderate

Total

Light smokers

10 (41.7)

14 (58.3)

24 (31.6) 0.016*

Moderate smokers

30 (76.9)

9 (23.1)

39 (51.3)

Heavy smokers

9 (69.2)

4 (30.8)

13 (17.1)

Total cigarettes per day

(Table 6). The results showed that the differences in
IL-18 levels were not significant based on daily cigarette
consumption.
A correlation analysis of IL-18 concentrations in
smokers based on the smoking duration using the Spearman rank correlation coefficient did not show a significant correlation (p > 0.05), as shown in Table 7.
As many as 30 subjects (76.9%) were considered
as moderate smokers with mild periodontitis, whereas
at least 4 (30.8%) were heavy smokers with moderate
periodontitis. The association between the degree
of periodontitis and the number of cigarettes consumed
per day was analyzed using the Pearson chi-squared test
(Table 8). The correlation test results revealed a significant relationship (p < 0.05) between the degree of periodontitis and the number of cigarettes consumed per day.
The correlation test results (Table 8) showed a significant relationship between periodontitis severity and
the number of cigarettes consumed per day, but different
results are shown in Table 9. Table 9 revealed that there
is no significant correlation between the severity of periodontitis in smokers and the smoking duration.

DISCUSSION
Cytokines play a crucial role in inflammatory and immune responses during periodontal disease progression.
Monitoring cytokine production may be particularly useful in diagnosing periodontal disease initiation and proJ Stoma 2018, 71, 3

Pearson c2 test, *p < 0.05 strong correlation.

TABLE 9. Correlation analysis of IL-18 concentration and
smoking duration
Smokers
Smoking duration

Severity of periodontitis
r

p

0.15

0.19

Spearman test, *p < 0.05 strong correlation.

gression. IL-18, a proinflammatory cytokine in the IL-1
superfamily, induces IFN-γ production in T cells and
promotes the upregulation of Th1 and Th2 cytokines [11].
Our study demonstrated that the IL-18 concentration in gingival crevicular fluid increased in proportion
with periodontal disease progression. IL-18 levels in
smokers with moderate periodontitis were higher than
in smokers with mild periodontitis. This increased IL-18
concentration was in agreement with previous reports.
However, the results showed that the difference in IL-18
levels was not significant based on daily cigarette consumption, and there was no significant correlation with
IL-18 concentrations in smokers based on the smoking
duration using the Spearman test.
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Pradeep et al. reported that IL-18 levels in gingival
crevicular fluid increased with periodontal disease severity. In addition, IL-18 levels in the chronic periodontitis group decreased significantly after periodontal therapy [12]. Similar results were seen in the previous study
by Nair et al., which indicated that the IL-18 concentration in gingival crevicular fluid and serum was the lowest in subjects with good periodontal health, higher in
gingivitis, even higher in aggressive periodontitis, and
the highest in subjects with chronic periodontitis. They
also reported that IL-18 concentrations in the gingival
crevicular fluid and serum decreased 6–8 weeks after
periodontal therapy [13].
These results may suggest that the preclinical alterations in periodontitis are triggered (and can be assessed) before the clinical alterations, as already mentioned. Determining the IL-18 concentration is useful in
establishing an early diagnosis of alterations in the marginal periodontium of smokers. Moreover, IL-18 can be
considered a potent inflammatory biomarker of perio
dontal disease.
Contrary to the results of this study, there was no
significant difference between IL-18 levels in saliva samples of patients with chronic periodontitis and healthy
subjects [11]. Similarly, there was no significant difference between IL-18 levels in gingival crevicular fluid in
patients with chronic periodontitis and healthy subjects.
When comparing the IL-18 level in saliva with that in
gingival crevicular fluid, no significant difference was
observed in either healthy subjects or patients with
chronic periodontitis [14].
The correlation test results showed a significant relationship between periodontitis severity and the number of cigarettes consumed per day, but no significant
correlation between periodontitis severity in smokers
and smoking duration. Further studies with a similar
methodology and investigative focus are needed to determine the precise relationship between smoking and
gingival crevicular fluid profile in patients with chronic
periodontitis.

CONCLUSIONS
Based on the results of this study, the IL-18 concentration in gingival crevicular fluid increased in proportion with periodontal disease progression, and a significant relationship was found between periodontitis
severity and the number of cigarettes consumed per day.
However, differences in IL-18 levels were not significant based on daily cigarette consumption, and no significant correlation was found in IL-18 concentrations
in smokers based on smoking duration. Consequently,
IL-18 levels in saliva and gingival crevicular fluid can be
used as a predictable biomarker for periodontal disease
progression, but cannot be used to determine patients’
smoking habits. Limitations of this study are that the re-
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searchers did not categorize the types of cigarettes and
the limitations due to the narrow age range of the subjects. Further studies involving larger sample sizes are
warranted to confirm the role of IL-18 in the degree
of chronic periodontitis in smokers.
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