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ABSTRACT

Purpose: The aim of this study was to investigate the risk of periodontitis according to
current smoking status based on the number of cigarettes smoked per day (CPD) and the
Fagerstrom Test for Nicotine Dependence (FTND).

Methods: All enrolled patients were diagnosed and classified according to the new
periodontal classification scheme, and current smoking status was investigated via a self-
reported questionnaire. The correlation between smoking status (CPD and FTND) and
periodontitis risk (severity of periodontitis and tooth loss due to periodontal reasons) was
statistically assessed using Spearman correlation coefficients. Moreover, partial correlation
analyses between smoking and periodontal status were performed after adjusting for age,
sex, and diabetes mellitus.

Results: Overall, data from 74 men and 16 women (mean age: 48.1+10.8 years) were
evaluated. The mean number of missing teeth, CPD, and FTND score were 3.5+5.2, 24.6+15.5,
and 3.5+2, respectively. CPD and the FTND were significantly positively correlated with each
other (=0.741, P<0.001). CPD and the FTND were also significantly correlated with the
severity of periodontitis (CPD: /=0.457, P<0.05 and FTND: =0.326, P<0.05) and the number
of missing teeth due to periodontal reasons (CPD: =0.525, P<0.05 and FTND: =0.480,
P<0.05), respectively.

Conclusions: Within the limitations of this study, both CPD and the FTND were significantly
correlated with the severity of periodontitis and the number of periodontally compromised
extracted teeth.
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INTRODUCTION

Periodontitis is a chronic oral disease induced by host-mediated inflammation, which results
in the loss of periodontal attachment and alveolar bone support [1]. Dental plaques are
known as a major cause of periodontitis, and some specific periodontal pathogens, such as
Porphyromonas gingivalis, Treponema denticola, and Tannerella forsythia, are associated with local
disease progression and the systemic inflammatory response [2]. Recent studies support

a bidirectional interaction between periodontitis and major lifestyle-related diseases,

and studies on the underlying mechanisms between periodontitis and various systemic
inflammatory diseases continue to be conducted [3-5].

Extensive epidemiological, observational, and clinical studies have identified common
etiological causes and risk factors, such as poor oral hygiene, lack of regular dental
maintenance, diabetes mellitus, and smoking, associated with the severity and extent

of periodontitis [6-8]. In particular, over the past decade, numerous clinical and
epidemiological studies have suggested a possible causative role of cigarette smoking in
periodontitis [9-11]. A recent systematic review showed that smoking was consistently
associated with the prevalence of periodontitis (odds ratio [OR]=2.78; 95% confidence
interval [CI], 2.23-3.48; P<0.05) [12]. Another recent systematic review and meta-analysis
also confirmed that current smoking has a detrimental and serious effect on the incidence
and progression of periodontitis (risk ratio=1.85; 95% CI, 1.5-2.2), and suggested that
smoking cessation reduces the risk of periodontitis by approximately 14% [13].

In most periodontal-related studies, current smoking status, which is a recognized risk factor
for periodontitis, was simply classified into smoking and non-smoking or was evaluated by
the number of cigarettes smoked per day (CPD) [12,13]. The Fagerstrom Test for Nicotine
Dependence (FTND), which comprises 6 simple questions and is another indicator of
current smoking status, is a widely used instrument for assessing the intensity of physical
addiction to nicotine. Several epidemiological studies have confirmed its usefulness and
reliability [14-16]. Many medical researchers have preferred the FTND for assessing the
association between current smoking status and various health-related problems [17-19].
Nevertheless, research evaluating the clinical efficacy of the FTND in dentistry, especially in
periodontology, is relatively scarce [20,21]. Therefore, we hypothesized that the FTND could
enhance or improve CPD as an indicator of current smoking status in periodontal research.
This preliminary, pilot study aimed to investigate the association between periodontitis risk
and current smoking status based on CPD and the FTND.

MATERIALS AND METHODS

Ethical statements

This study was approved by the Institutional Review Board (IRB) of Daejeon Dental Hospital,
Wonkwang University College of Dentistry (approval No. W2201/001-001), and written
according to the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines [22]. Because this study was designed as a retrospective cross-sectional
study, the IRB waived the requirement for informed consent from participants.
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Participants

All patients were recruited from the Department of Periodontology at Daejeon Dental
Hospital, Wonkwang University, from January 2021 to December 2021. The following
inclusion criteria were applied: 1) age >20 years, 2) generalized periodontitis (230% of teeth
involved), and 3) current smoking status (>1 cigarette per day). The following exclusion
criteria were established: 1) non- or former smoker, 2) localized periodontitis, 3) previous
periodontal treatment, and 4) any treatment or intake of medications that could influence
bone turnover, including antiresorptive agents, chemotherapy, and radiotherapy.

Classification of periodontitis

Patients’ periodontal status was diagnosed and classified according to the new periodontal
classification scheme, which was released by the American Academy of Periodontology and
the European Federation of Periodontology in 2018 [10]. The determination of periodontal
staging (I/II/III/IV) and grading (B/C) was performed by a single periodontist (JHH) based on
clinical (bleeding on probing, pocket probing depth, gingival recession, clinical attachment
level, tooth mobility, furcation impairments, secondary occlusal trauma, bite collapse,
drifting or flaring, occlusal pairs, and periodontally related tooth loss) and radiographic
(periodontally compromised tooth related bone loss) parameters noted at the time of the
first visit [23]. To achieve intra-examiner reliability and validity, 10 patients were randomly
selected and diagnosed twice according to the new periodontal classification scheme based
on electronic medical and dental records and dental panoramic and periapical radiographs.
The intra-examiner correlation exhibited 85.3% reproducibility.

Current smoking status

All enrolled patients filled out a self-report questionnaire, and current smoking status was
investigated using both CPD and the FTND, which is a revision of the Fagerstrom Tolerance
Questionnaire [17]. Current smokers answered a 6-question survey, and were categorized

in 1 of 3 groups according to their score: low (0-3 points), moderate (4-6 points), and high
dependence (score 7-10 points), using the FTND as follows: 1) “How soon after waking do
you smoke your first cigarette?” (available response options: within 5 minutes [3 points];
within 6-30 minutes [2 points], within 31-60 minutes [1 point]; after 60 minutes [0 points]);
2) “Do you find it difficult to refrain from smoking in places where it is forbidden?” (available
response options: yes [1 point], no [0 points]); 3) “Which cigarette would you hate to give
up?” (available response options: the first one in the morning [1 point], all others [0 points]);
4) “How many cigarettes/day do you smoke?” (available response options: 10 or less [0
points], 11-20 [1 point], 21-30 [2 points], 31 or more [3 points]); 5) “Do you smoke more
frequently during the first hours after waking than during the rest of the day?” (available
response options: yes [(1 point], no [0 points]); 6) “Do you smoke even if you are so ill, such
that you are in bed most of the day?” (available response options: yes [1 point] no, [0 points]).

Statistical analysis

Descriptive variables were reported as frequencies and proportions (%). Spearman
correlation analysis was conducted to evaluate the strength of the relationship between
current smoking (including CPD and the FTND) and periodontal status (including the stage
of periodontitis and number of missing teeth). In addition, the partial correlation coefficient
(7) between current smoking and periodontal status was also calculated after adjusting for
age, sex, and diabetes mellitus. All statistical analyses were performed using statistical
software (SPSS version 28; IBM Corp., Armonk, NY, USA, and JMP version 16.1; SAS Institute,
Cary, NC, USA), and P<0.05 was considered statistically significant.
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RESULTS

Baseline characteristics

0Of1,246 patients who were diagnosed with primary periodontitis, 1,156 were excluded for
the following reasons: non- or former smoking (n=1,051), localized periodontitis (n=13),
previous periodontal treatment (n=80), declined survey (n=5), and missing data or records
not available (n=7). Finally, 90 patients were included and analyzed. Data from 74 men
(82.2%) and 16 women (17.8%) patients, with a mean age of 48.1+10.8 years (range: 2278
years), were evaluated. Those who were aged 40-49 years (n=35) accounted for 38.9% of
the eligible patients, and 7 (7.8%) patients had diabetes mellitus. The mean number of
missing teeth was 3.5+5.2 (range: 0-20 missing teeth), the mean CPD was 24.6+15.5 (range:
4-60 cigarettes per day), and the mean FTND was 3.5+2.3 (range: 0-8 points). The detailed
baseline characteristics of the enrolled patients and relationships between current smoking
status (including CPD and FTND) and patients’ clinical factors (including sex, age, diabetes
mellitus, missing teeth, and periodontitis by stage and grade) are presented in Table 1.

Spearman correlation analysis between current smoking and periodontal
status

Spearman correlation analysis revealed that CPD positively correlated with the FTND
(=0.741, P<0.05), and both CPD and the FTND were significantly correlated with periodontal
status, including the stage of periodontitis and number of missing teeth. Specifically, CPD
was more significantly correlated with the stage of periodontitis (7=0.512, P<0.05) than the

Baseline characteristics of the enrolled patients (n=90)

Variables Values
Sex

Men 74 (82.9)

Women 16 (17.8)
Age group (yr)

20-29 6 (6.7)

30-39 11 (12.2)

40-49 35 (38.9)

50-59 26 (28.9)

>60 12 (13.3)
Diabetes mellitus

Yes 7(7.8)
Missing teeth?

0 40 (44.4)

1-5 30(33.3)

6-10 8(8.9)

11-15 7(7.8)

>16 5(5.6)
Current smoking status

1-9 cigarettes per day 13 (14.4)

10-19 cigarettes per day 31 (34.4)

>20 cigarettes per day 46 (51.1)
Stage

I 8(8.9)

I 17 (18.9)

I 48 (53.3)

v 17 (18.9)
Grade

B 8(8.9)

C 82(91.1)

Values are presented as number of patients (%).
2extractions due to periodontal reasons and third molars excluded.
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Scatterplot of the association between the number of CPD and FTND. CPD was positively and

significantly correlated with the FTND.
CPD: cigarettes smoked per day, FTND: Fagerstrom Test for Nicotine Dependence.

Spearman correlation analysis between current smoking and periodontal status

Variables CPD FTND Stage of periodontitis Number of missing teeth
CPD 1.000

FTND 0.741 1.000

Stage of periodontitis 0.512" 0.310° 1.000

Number of missing teeth 0.402" 0.432° 0.367 1.000

CPD: cigarettes smoked per day, FTND: Fagerstrom Test for Nicotine Dependence.
Data are expressed as Spearman correlation coefficients, and statistically significant differences are shown with
asterisks (P<0.05).

FIND (7=0.310, <0.05), whereas the FTND exhibited a more significant correlation with
the number of missing teeth (7=0.432, P<0.05) than CPD (7=0.402, P<0.05). A scatterplot
revealed a positive correlation between CPD and the FTND (Figure 1), and the results of a
more detailed correlation analysis are presented in Table 2.

Partial correlation analysis between current smoking and periodontal status
Partial correlation analyses revealed that CPD was positively correlated with the FTND
(=0.663, P<0.05), and both CPD and the FTND were significantly correlated with periodontal
status, including the stage of periodontitis and the number of missing teeth, after adjusting
for age, sex, and diabetes mellitus. Specifically, CPD was more significantly correlated

with the stage of periodontitis (7=0.457, P<0.05) and the number of missing teeth (=0.525,
P<0.05) than the FTND. A scatterplot revealed a positive correlation between current
smoking status and periodontal status (Figure 2), and the results of a more detailed partial
correlation analysis are presented in Table 3.

Partial correlation analysis between current smoking and periodontal status

Variables CPD FTND Stage of periodontitis Number of missing teeth
CPD 1.000

FTND 0.663" 1.000

Stage of periodontitis 0.457 0.326 1.000

Number of missing teeth 0.525 0.480° 0.370° 1.000

Adjusted for age, sex, and diabetes mellitus.

CPD: cigarettes smoked per day, FTND: Fagerstrom Test for Nicotine Dependence.

Data are expressed as partial correlation coefficients, and statistically significant differences are shown with
asterisks (P<0.05).
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Figure 2. Scatterplots of the association between current smoking status (CPD and the FTND) and periodontal risk. (A and B) The correlation between current
smoking status and the stage of periodontitis. (C and D) the correlation between current smoking status and the number of missing teeth due to periodontal
reasons. The Spearman and partial correlation analyses revealed that current smoking status was positively and significantly correlated with periodontal status.
CPD: cigarettes smoked per day, FTND: Fagerstrém Test for Nicotine Dependence.
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DISCUSSION

Recent studies have clearly shown that smoking directly affects the prevalence and severity
of periodontal disease regardless of oral hygiene and dental health status, and negatively
influences the response to conventional non-surgical and surgical treatment of periodontitis
[9,10]. Accordingly, smoking was not officially included in the past periodontitis
classification scheme, but it was included as a major risk factor along with uncontrolled
diabetes mellitus in the recent new periodontitis classification system [10,24].

Extensive research has focused on the negative effects of smoking on healthy gingiva [25,26].
Smoking is known to significantly suppress bleeding on probing (BOP); heavy smoking (>10
CPD) reduces the possibility of BOP by nearly 50%, particularly in healthy gingiva, which
highlights the dose-dependent suppressive effect of smoking on gingival BOP (OR=0.56;
95% CI, 0.45-0.70) [25]. Likewise, smoking is known to trigger vasoconstriction; however,
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excessive smoking increases gingival blood flow [26]. Studies have shown that the effect of
vasoconstriction was offset by excessive smoking-induced blood pressure elevation [26].

The most recent literature reports that the use of the FTND in addition to CPD as an indicator
of smoking status is more useful than CPD alone [21]. In particular, it was confirmed that

the combined use of both CPD and the FTND is highly effective for identifying severe
periodontitis, including stage IV [21]. Similarly, in this study, the association between current
smoking status and periodontitis was investigated based on CPD and the FTND, and we
found that CPD and the FTND were significantly correlated to the severity of periodontitis
and the number of periodontally compromised extracted teeth.

Several studies have reported that cigarette consumption is correlated with periodontitis
severity [27-29]. One case-control study reported that smoking more than 30 CPD greatly and
significantly increased the possibility of periodontitis (OR=11.0, P<0.01), and in particular,
the risk of periodontitis in men increased even more significantly (OR=38.7, 7<0.01) [27].
Another recent study using Mendelian randomization analysis also found that a higher CPD
(OR per 1 standard deviation [1 SD] increment=1.56; 95% CI, 1.18-2.07) and lifetime smoking
(OR per 1 SD=1.26; 95% CI, 1.04-1.53) were associated with an increased risk of periodontitis
[28]. In addition, a long-term dose-response relationship between smoking and periodontitis
has been suggested [27,29]. In a population-based study, those who had been smoking less
than 5 years had an OR 0f1.10 (95% CI, 0.59-2.02), and those who had been smoking for
more than 21 years had an OR of 5.01 (95% CI, 3.98-6.31), which was significantly higher
[29]. Likewise, another study also reported that smoking for more than 10 years (OR=2.8)
nearly doubled the risk for periodontitis in comparison to smoking for less than ten years
(OR=1.5) [27].

Smoking has a distinctly negative effect on alveolar bone loss around a tooth, but debate
continues regarding whether smoking is directly correlated to tooth loss. A 20-year
prospective study of the effects of smoking on tooth loss reported that there was no
statistically significant correlation between smoking and tooth loss [30]. Nevertheless,
another recent cohort study reported that more than 15 CPD was associated with a higher
risk of tooth loss in men (OR=3.6; 95% CI, 3.0-4.4) and women (OR=2.5; 95% CI, 2.1-2.9)
under the age of 50 [31]. Our data also showed that both CPD and the FTND, which indicate
the degree and dependence of current smoking status, were statistically significantly and
positively associated with the loss of teeth due to periodontal reasons (£<0.05).

Smokers can adjust the number of cigarettes they smoke according to their needs; therefore,
CPD may be affected by the titration effect [21]. Moreover, the development of nicotine
dependence, with its underlying neurobiological changes, is complex and involves several
neuropsychological functions, and CPD alone is not sufficient as an ideal marker [32,33].
Therefore, a low CPD may not accurately represent an individual’s low-volume but high-
intensity smoking status, whereas the FTND may serve as a useful biomarker for smoking
status and indicate high dependence levels [21].

Our results revealed a significant positive correlation between CPD and FTND (7=0.741,
P<0.05), which is consistent with the results reported in a previous study that identified a
significant correlation between CPD and FTND (7=0.57, P<0.001) [21]. However, we observed
that CPD was more significantly associated with the severity of periodontitis and the number
of missing teeth due to periodontal reasons than the FTND after adjusting for age, sex, and
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diabetes mellitus. Although these findings may be attributed to the study’s retrospective
nature and small sample size, our results and implications can serve as a starting point for
prospective and longitudinal large-scale research.

The present study had several limitations. First, several studies have reported that e-cigarette
smoking was positively correlated with the release of pro-inflammatory cytokines and
significantly associated with the aggravation of periodontitis; however, e-cigarette smoking
was not included in this study [34,35]. In addition, although the diagnosis of diabetes
mellitus based on hemoglobin Alc (HbAlc) is an important factor along with smoking status
in determining the grade of periodontitis, the fact that HbAlc-based diabetes mellitus was
not included in this study is also a limitation. Second, due to the limitations of the short-term
cross-sectional survey design, the effects of the cumulative dose of smoking or the period of
smoking cessation on the severity of periodontitis or the number of teeth lost could not be
considered. Third, another major limitation was that tooth loss due to periodontal reasons
could have been underestimated or overestimated because of the use of a self-reported
questionnaire regarding the subjective experience of cognition. Therefore, it is necessary to
carefully interpret the results of the correlation analysis, and further long-term, large-scale,
and well-designed studies including e-cigarettes are needed to confirm our findings.

Within the limited number of patients and subject to the selective biases inherent to the
retrospective design, the current study’s findings indicate that both CPD and the FTND are
significantly correlated with the severity of periodontitis and the number of periodontally
compromised extracted teeth.
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