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ABSTRACT

Background: Smoking is associated with the deteriorating health of the gingiva and periodontium.
The long-term beneficial effects of smoking cessation on oral health are well known. However, the
effects of short-term smoking cessation on gingival bleeding and periodontal pocket depth are
unknown. The purpose of the present study was to determine the effects of short-term smoking cessa-
tion on gingival bleeding and periodontal pocket depth.

Methods: Dentate smokers with a mean age of 56.9+ 14.4years at an outpatient smoking cessation
clinic participated in this study. A professional dentist checked the periodontal pocket depth and gin-
gival bleeding. Patients visited the smoking cessation clinic on their first visit and 2, 4, 8, and 12 weeks
(three months). The gingival assessment was re-performed in those who succeeded in smoking cessa-
tion 3 months after the baseline.

Results: The baseline data of 83 patients showed that an increase in pocket depth was associated
with increasing age and the amount of smoking. A significant increase in gingival bleeding (p =.031)
and increase in pocket depth (p=.046) were observed 3 months after the baseline in patients who
successfully quit smoking (n = 14).

Conclusion: Short-term smoking cessation increased periodontal pocket depth and gingival bleeding.
These findings may reflect healing processes that occur in the healthy gingiva.

Implications: Study findings will be useful to advise patients during smoking cessation programs.
Dentists can inform patients that an initial increase in gingival bleeding and pocket depth could be
associated with smoking cessation. Such advice will prevent patients from any apprehension that may
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cause them to recommence smoking.

Introduction

Tobacco smoking is a preventable risk factor for various dis-
eases in the human body, such as different types of cancers,
respiratory tract infections, cardiac issues, and liver problems.
Smoking is also associated with the health of the oral cavity
and causes gingivitis, periodontitis, oral cancers, and many
other problems [1]. The periodontal ligament and the sup-
porting alveolar bone, which holds the teeth, are damaged
by the inflammation caused by smoking, which ultimately
leads to tooth loss. Based on observational studies included
in a systemic review by Leite et al. [2], smokers have an 80%
higher risk of periodontitis than quitters and never-smokers.
Smoking also detrimentally affects neutrophils and macro-
phages, which are essential as immunocompetent gingival
cells. Many studies assert that smokers have less gingival
bleeding on probing than do non-smokers [3,4]. Preber et al.
[4] proposed that a possible explanation for decreased

gingival bleeding in smokers is vasoconstriction of the per-
ipheral blood vessels caused by nicotine. However, heavy
smokers have a severe periodontal breakdown and bleeding
compared to infrequent smokers and non-smokers [5]. Thus,
smoking has chronic and time-dependent effects on gingival
health.

The periodontal pocket, defined as a pathologically deep-
ened gingival sulcus, is an essential clinical feature of peri-
odontal disease. Periodontal pockets are chronic
inflammatory lesions. Complete healing does not occur
because of the persistence of the bacterial attack, which con-
tinues to stimulate an inflammatory response. Chronic peri-
odontitis results in inflammation within the supporting
tissues of the teeth, progressive attachment loss, and bone
loss. Smokers with chronic periodontitis have more attach-
ment loss, which leads to deeper pockets [6].

Based on interventional studies, periodontal treatment
resulted in pocket depth reduction and a 0.2 mm higher gain
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in the attachment level among quitters than nonquitters.
Studies have shown that the response to quitting smoking is
apparent within 12 months [2]. Thus, quitting tobacco is very
important for successful periodontal therapy.

Various studies have shown the long-term effects of
smoking cessation on the gingiva and periodontal depth,
like reduction in the attachment loss progression, pocket
depth, and radiographic bone loss [2,7]. The follow-up time
in these studies ranged from 4 to 32years. Our study focuses
on the short-term effects of smoking cessation on gingival
and periodontal health.

Methods and materials
Study population

The study participants were the first-visit smokers who used
conventional cigarettes, reported a desire for smoking cessa-
tion, and visited the outpatient clinic at the National Hospital
Organisation Kyoto Medical Centre between January 18,
2017, and October 3. All patients who fulfilled these criteria
were asked to participate in this study. Among these, those
who provided written informed consent were included. The
exclusion criterion was advanced cancer requiring palliative
care and the patients in whom the pocket depth could not
be measured because of missing teeth Figure 1.

Age, number of cigarettes per day, smoking vyears,
Fagerstrom test of nicotine dependence (FTND) score, body
mass index (BMI), waist circumference, blood pressure, and
respiratory carbon monoxide (CO) levels were recorded. This
study was approved by the Ethical Review Committee of the
National Hospital Organisation Kyoto Medical Centre
(Fushimi-ku, Kyoto, Japan).

Smoking cessation

The FTND is a standard instrument for assessing the intensity
of physical addiction to nicotine. The items are summed to
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yield a total score of 0-10. The higher the FTND score, the
more intense is the patient’s physical dependence on nico-
tine [8].

Smoking cessation in this study was accomplished
through nicotine patches or varenicline. Patients visited the
smoking cessation clinic on their first visit and 2, 4, 8, and
12 weeks (three months) thereafter while being treated with
transdermal nicotine patches or oral varenicline. On every
visit, continuity in smoking cessation was assessed, and a
nurse and a doctor provided specific advice regarding the
continuation of the cessation treatment. At the end of the
three-month anti-smoking treatment period, maintenance of
smoking cessation was evaluated. A patient was judged to
have succeeded in quitting smoking when presenting with
an expiratory carbon monoxide (CO) concentration of <7
parts per million (ppm) and reporting that they had not
smoked for more than 1week since starting the treatment.
An attempt to quit smoking was considered unsuccessful
when the patient stopped visiting during the treatment
period or continued visiting but failed to quit smoking. The
gingival assessment was re-performed in those who suc-
ceeded in smoking cessation 3 months after the baseline.

Periodontal examinations

Clinical examination of the oral cavity was conducted by using
a mouth mirror and a calibrated periodontal probe. A single
experienced dentist recorded all the clinical parameters
throughout the study, using the same instruments. The meas-
urements were performed to the nearest millimetre for all
teeth, except for the third molars, at six sites of every present
tooth (i.e. mesiobuccal, mid-buccal, and distobuccal, mesiolin-
gual, mid-lingual, and distolingual). The periodontal pocket
depth was classified into three categories: Grade 0, pocket
depth of 0-3mm; Grade 1, pocket depth of 4-5mm; and
Grade 2, pocket depth of >6 mm. Bleeding on probing (BOP)
was a dichotomous variable (i.e. present or absent). A calibrated
periodontal probe was used to measure the depth and

Patients visited smoking cessation clinic (n=90)

Excluded: Patients were ineligible due

A

\4

Patients with informed consent participated

Cross-sectional data analysis (n=83)

to exclusion criteria (n=7)

l

P> Not visited clinic (Drop-outs) (n=63)

Patients completed 3 months follow-up (n= 20)

Not succeeded in smoking cessation

l

\ 4

(n=3)

Succeeded in smoking cessation (n= 17)

l

v

Data at 3 months lacking (n=3)

Data available for baseline and 3 months

Longitudinal data analysis (n=14)

Figure 1. Flow chart of the participants.
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Table 1. Patient characteristics are classified according to pocket depth.

P-value (Bonferroni correction)

Grade 0 Grade 1 Grade 2 P-value
n (PD-0-3 mm) n (PD- 4-5mm) n (PD>6mm) for groups GrOvs. Gr1 Gr 0 vs. Gr 2 Gr1vs. Gr2
Female 8/33 (24.2%) 6/29 (20.7%) 5/21 (23.8%) 9472 >.999 >.999 >.999
Age in years 33 544+15.8 29 55.8+10.4 21 67.3+10.8 001° >.999 .006 .001
Smoking amount 33 16.1+6.2 29 229+14.8 21 26.4+12.1 .004° .059 <.001 >.999
Smoking years 33 33.8+15.6 29 353+103 21 4161126 .103° >.999 183 183
FTND 33 57+2.1 29 6.4+19 21 63+23 36° .500 .983 >.999
BMI 33 23+4 29 23.7+33 21 243+4 482° >.999 795 >.999
WC 33 86.1+11.5 28 89.6+8.5 21 90+9 262° .562 577 >.999
SBP 32 133+£21 29 130+ 21 21 139+29 401° >.999 >.999 632
DBP 32 79+13 29 79+13.5 21 79+19.5 99° >.999 >.999 >.999
co 33 17+£11.5 29 21.1+11.9 21 18.3+£10.4 367° 523 >.999 >.999

Data are presented as the mean =+ standard deviation.
p-value- @ Fisher's exact test for groups, ® Anova test.

FTND: Fagerstrom Test for Nicotine Dependence; BMI: Body mass index; WC: Waist circumference; SBP: Systolic blood pressure; DBP: Diastolic blood pressure;

CO: Carbon monoxide.

determine the configuration of the periodontal pocket [9].
Gentle probing can be attained by running a probe around the
teeth in the first 2mm of the sulcus without applying any force
apically. The WHO perio probe made by the Japanese company
YDM Corporation was used to assess the periodontal status of
individual patients, with the recommended probing force of
20-25g to assess the periodontal status of each patient [10].

Statistical analysis

A professional statistician conducted all statistical analyses
using the Statistical Package for Social Sciences (SPSS)
Statistics 17.0 statistical software package (SPSS Inc., Chicago,
IL, USA). The prevalence and association between the afore-
mentioned parameters were studied. The analysis included
descriptive statistics, Fisher's exact test, and an unpaired t-
test. The two groups that presented as BOP-positive or BOP-
negative at baseline were compared by using the mean,
standard deviation, Fisher's exact test, unpaired t-test, and
Mann-Whitney U test. After 3 months, alterations between
baseline and follow-up were calculated by using the
McNemar test, paired t-test, and Wilcoxon signed-rank test.

Results
Cross-sectional study

The study participants consisted of 83 dentate smokers (19
women and 64 men) with an age (mean*standard devi-
ation) of 56.9+ 14.4years. The data in Table 1 represent the
baseline data. No smoking cessation treatment was imple-
mented at this stage. For comparative purposes, patients
were classified into three groups, based on the pocket depth;
33 patients in the Grade 0 group (i.e. pocket depth of
0-3 mm) 29 patients in the Grade 1 group (i.e. pocket depth
of 4-5mm), and 21 patients in the Grade 2 group (i.e. pocket
depth of >6 mm).

Patients in the Grade 0 group, who had no or a shallow
gingival pocket depth, were younger than patients in the
Grade 2 group, who had a deep pocket (age [mean + stan-
dard deviation]: 54.4+158years vs. 67.3+10.8years,
p =.006; (Table 1). Patients in the Grade 1 group, who had a
reduced gingival pocket depth, were similarly younger than

Table 2. Patient characteristics according to gingival bleeding.

Gingival bleeding Gingival
Absent bleeding present
n Mean +SD n Mean +SD P-value
Female 46 10/46 37 9/37 799°
Age, y 46 592+ 144 37 56.9+13.2 A445°
Smoking amount 46 20.0+10.1 37 225+14.0 356°
Smoking years 46 36.8+14.1 37 35.8+126 737°
FTND 46 58+19 37 6.5+2.3 .140°
BMI 46 232435 37 240+4.0 298°
WC 45 88.0+9.2 37 88.7+11.0 762°
SBP 45 131.1+18.0 37 136.1+27.4 331°
DBP 45 772+119 37 815+17.9 201°
co 46 17.8+10.7 37 19.9+123 A415°

p-value- ®Fisher's exact test. "Unpaired T-test.

FTND: Fagerstrom Test for Nicotine Dependence; BMI: Body mass index; WC:
Waist circumference; SBP: Systolic blood pressure; DBP: Diastolic blood pres-
sure; CO: Carbon monoxide; SD: Standard deviation.

patients in the Grade 2 group (age: 55.8+10.4years vs.
67.3+10.8years; p=.001). Patients in the Grade 0 group
were younger than patients in the Grade 1 group, although
this difference was not significant (age: 54.4+15.8 years vs.
55.8+10.4; p>.999. These findings indicated that pocket
depth increased with increasing age.

The smoking amount was 16.1+6.2 cigarettes/day in the
Grade 0 group and 22.9*14.8 cigarettes/day in the Grade 1
group. We observed an increasing trend in the smoking
amount, although the difference was not significant (p=.059).
The Grade 2 group, which had a deep gingival pocket depth,
was associated with increased smoking (i.e. 264+12.1 ciga-
rettes/day). The Grade 0 and Grade 2 patient groups were sig-
nificantly different (p <.001). These results suggested that the
increase in pocket depth was associated with heavy smoking
(Table 1).

For comparison purposes, smokers were divided into two
groups based on BOP (Table 2). At the baseline visit, no sig-
nificant difference existed in age (p =.445), smoking amount
(p=.356), smoking years (p=.737), FTND score (p=.140),
BMI (p=.298), and respiratory CO levels (p=.415) between
46 smokers who had a positive BOP result and 37 smokers
who had a negative BOP result.

Longitudinal study

Eighty-three patients underwent the smoking cessation treat-
ment and were assessed at their first visit and 2, 4, 8, and
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Table 3. Comparative data showing characteristics at baseline and 3 months after baseline: Systemic parameters.

Baseline After 3 months from baseline
n Mean + SD Mean + SD P-value
Waist circumference 14 85.3+6.7 87.9+6.8 .003°
Body mass index 12 225+24 23+24 .002°
Systolic blood pressure 14 134+19.4 127 £20.7 0712
Diastolic blood pressure 14 79.5+13.2 754+11.2 1812
Respiratory carbon monoxide 14 154+10.1 29+1 .001°

SD: Standard deviation.
p-value: a, paired t-test.

Table 4. Comparative data showing characteristics at baseline and 3 months
after baseline Gingival pocket depth.

Baseline After 3 months from
n (%) baseline n (%) P-value
n 14 14 .046°
Grade 0 (PD-0-3 mm) 5 (35.7%) 3 (21.4%)
Grade 1(PD- 4-5mm) 7 (50.0%) 7 (50.0%)
Grade 2 (PD >6 mm) 2 (14.3%) 4 (28.6%)

p-value: ®Wilcoxon signed-rank test.

Table 5. Comparative data showing characteristics at baseline and 3 months
after baseline Gingival bleeding (BOP).

Baseline After 3 months from
n (%) baseline n (%) P-value
N 14 14 .031°

Bleeding absent
Bleeding present

9 (64.3%)
5 (35.7%)

3 (21.4%)
11 (78.6%)

p-value: °McNemar test.

12 weeks. Seventeen patients were able to successfully quit
smoking 3 months after the baseline. Other patients dropped
out or were not successful in smoking cessation. The peri-
odontal pocket was measured 3 months after the baseline
visit. Data were missing for three of 17 patients for whom
smoking cessation was successful. Therefore, the results of
the baseline visit and the follow-up 3 months after starting
the smoking cessation treatment were compared on the
remaining 14 patients. These patients consisted of 3 (21.4%)
women and 11 (78.6%) men with an average age of
60 £ 14 years. The smoking amount was 23.1+18.5 cigarettes
per day, and the smoking years were 38.8 + 13 years.

We observed a significant increase in BMI after 3 months of
smoking cessation treatment (p=.002) (Table 3). In addition,
waist circumference increased significantly (p=.003), which
may be associated with the increased BMI. The respiratory CO
level significantly decreased after smoking cessation (p =.001).
This finding confirmed that a patient had stopped smoking.
An increase in body weight is a nicotine withdrawal symptom,
which suggested that patients had quit smoking.

The number of Grade 0 patients (i.e. no or shallow pocket
depth) reduced from five patients (35.7%) at baseline to
three patients (21.4%) at 3 months after starting the smoking
cessation therapy. The number of Grade 1 patients did not
change. The number of group 2 patients (i.e. deep pocket
depth) significantly changed from two patients (14.3%) at
baseline to four patients (28.6%) at 3 months. The overall
increase in pocket depth from baseline to 3 months showed
a significant p-value of .046 (Table 4).

At the baseline, five (35.7%) patients had BOP. Three
months after starting the smoking cessation therapy, the
number of patients increased to 11 (78.6%) patients with

gingival BOP (Table 5). However, no change in systolic blood
pressure or diastolic blood pressure occurred.

Discussion

The purpose of the present study was to determine the
effects of short-term smoking cessation on periodontal
pocket depth and gingival bleeding. We found that short-
term smoking cessation increased periodontal pocket depth
and gingival bleeding. These findings may reflect the healing
processes that occur in the healthy gingiva. We discuss our
findings concerning other researchers’ findings below.

Periodontal pocket depth

Our study demonstrated that group 2 patients (i.e. deep
pockets) were older than patients in group 1 and group 0
(i.e. shallow pocket and no pocket, respectively). These find-
ings are compatible with those of other epidemiologic stud-
ies [11-13], demonstrating more periodontal disease in older
age groups than in younger age groups.

A previous study by Ragghianti et al. [14] showed a sig-
nificant association between age and periodontal conditions.
In that study, the population age was >20years. The investi-
gators reported that pocket depth and the clinical attach-
ment level increased with increasing age. They compared
smokers and non-smokers and found that probing depth
and the mean clinical attachment levels were higher in
smokers in all age groups. Although our study participants
were all smokers and much older, our findings were partially
compatible with these results.

We observed that a greater number of cigarettes were
associated with deep periodontal pockets, which led to peri-
odontitis in heavy smokers. Our findings were compatible
with those of Torrungruang et al. [15], who also demon-
strated a positive correlation between the level of cigarette
consumption and the severity of periodontitis. They observed
that the greater the number of cigarettes, the greater was
the clinical attachment level. They also observed a dose-
effect relationship between the level of cigarette consump-
tion and the odds of having moderate and severe periodon-
titis. The adjusted odds ratio was 7.9 for heavy smokers who
smoked more than 30 pack-years. This ratio was higher than
that of light (<15 pack-years) and moderate smokers
(>15pack-years).

Based on observational studies included in a systematic
review by Leite et al. [2], the risk for periodontitis incidence
or progression among individuals who quit smoking was
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similar to the risk in never-smokers. However, continuing
smokers have an 80% higher risk of periodontitis than do
never-smokers or former smokers. In all studies cited in a sys-
tematic review by Leite et al. [2], the observation period was
4-32years of follow up found an increase in bone loss in
smokers, compared to non-smokers, after a follow up of
10years [16-18]

A review by Heasman et al. [19] reported that nonsurgical
periodontal treatment reduces pocket depth in smokers and
non-smokers. However, more significant probing depth
reductions were obtained by nonsurgical periodontal therapy
in non-smokers than in smokers.

A study by Preshaw et al. [20] related to smoking cessa-
tion treatment reported the results after 1year of smoking
cessation. They conducted a clinical trial on 49 smokers with
nonsurgical chronic periodontitis management. Nonsurgical
management consisted of oral hygiene instructions, method-
ical root surface instrumentation using manual and ultrasonic
instruments, and smoking counselling. Over 12-months, the
investigators found no significant differences in the primary
outcomes of the pocket probing depth, clinical attachment
level, and BOP among the nonquitters, quitters, and oscilla-
tors who completed the trial with regular visits at 3 months,
6 months, and 12 months. However, they reported that the
change in probing depth between baseline and 12 months
indicates a significant reduction in favour of the quitters
than in the rest of the participants.

We found an increase in the pocket depth among the
quitters at 3 months from baseline without any intervention
for oral health. This finding in our study is remarkable
because no study, to the best of our knowledge, has shown
the short-term (i.e. 3 months) effects of smoking cessation on
the periodontal pocket depth. This effect may reflect the
healing process, which is an increase in pocket depth and
gingival bleeding initially after smoking cessation, followed
by healthy gingiva with a decrease in pocket depth.

Gingival bleeding

A previous report by Neto et al. [21] indicated that smoking
might decrease gingival bleeding because of changes in the
proportion of blood vessels in the periodontal tissues. The
aforementioned study revealed that the gingival bleeding
sites, the amount of gingival exudate, and the number of
gingival sites with distinct redness were significantly lower in
smokers than in non-smokers.

Gingival blood flow and the gingival crevicular fluid are
well-known markers of gingival health. Nicotine causes vaso-
constriction and interferes with healing during periodontal
treatment, thereby delaying healing. Morozumi et al. [22] have
reported that gingival blood flow significantly increases within
3days after smoking cessation. Gingival blood flow and the
gingival crevicular fluid act in combination to promote peri-
odontal health by improving gingival microcirculation.

In our study, 14 people were able to quit smoking suc-
cessfully. We observed that gingival bleeding increased in
smokers after they quit smoking (Table 5). Three months
after the baseline, the gingival bleeding status was checked.

This result was similar to that of the study by Nair et al. [23],
which showed a statistically significant increase in the mean
proportion of tooth sites that exhibited bleeding after prob-
ing from the baseline to 4-6 weeks after quitting. However,
they did not show any change in the probing depth or the
number of sites probing greater than 2 mm between visits.
Our results are also compatible with several studies that
have reported [21-23] that smoking decreases gingival blood
flow while smoking cessation increases the blood flow.

Limitations

Our study showed all results for 3months after the initial
consultation at our smoking cessation clinic. First, the exact
timeline of quitting smoking was not measured, but it was
estimated as within the range of 1-8 weeks after the baseline
visit. Second, gingival bleeding and periodontal pocket
depths were not assessed during every patient visit. Third,
the follow-up period in this study was only 3 months. More
studies are required with long regular follow-ups to examine
the effect of smoking cessation on the gingiva and periodon-
tium. Finally, the number of patients included in our study
was limited. For future studies, we recommend a greater
number of patients to observe smoking cessation effects.

Conclusion

The pocket depth and BOP were significantly increased in
patients who stopped smoking successfully. These short-term
changes may reflect healing processes, which could be fol-
lowed by healthy gingiva in the future. The study results can
be used as evidence by healthcare providers to motivate
smokers for smoking cessation.
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