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Abstract

Background: Cigarette smoking is a significant risk factor for periodontal disease. It also causes pigmentation
of oral mucosa. The present study was aimed to assess the effects of smoking on lip and gingival
pigmentation and periodontal status and the relationship between pigmentation and periodontal parameters.

Methods: A total of 109 smokers and an equal number of non-smoker controls (mean age: 35.9 years, range:
35-44 years) comprised the study sample. All the participants were assessed for pigmentation on lip and
gingiva and overall periodontal status (gingival bleeding, probing depth, and loss of attachment at six points
in each tooth).

Findings: All the smokers in this study had lip and gingival pigmentation. Two-third of non-smokers had no
pigmentation. The mean scores of lip and gingival pigmentation in smokers were seven and four times higher
than those of non-smokers, respectively. Pigmentation and periodontal parameters (except gingival bleeding)
were found to be positively related with exposure to smoking exposure. Probing depth and loss of attachment
were the highest in subjects with pigmented lips and grade three pigmented gingiva.

Conclusion: Smoking influenced lip and gingival pigmentation and periodontium. All individuals with lip
pigmentation presented some form of gingival pigmentation. Probing depth and loss of attachment were
more severe in subjects with lip and gingival pigmentation.
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Smoking, Pigmentation, and Periodontium

Introduction

Smoking seems to have many adverse effects on
the body. It is evident from the past literature that
cigarette smoking is a significant risk factor for
periodontal disease! which is demonstrated by an
increased loss of attachment,? development and
progression of periodontal inflammation,® and
increased gingival recession.* Epidemiological
evidence suggests that cigarette smoking is a
stronger risk factor for the presence of
periodontitis compared to the presence of certain
suspected periodontal pathogens.> However,
experimental studies on plaque-induced gingivitis
in humans suggest that clinical signs of gingival
inflammation, e.g. redness, bleeding, and
exudation, are not as prominent in smokers as in
non-smokers.®” Decreased inflammation and
gingival crevicular fluid volumes in smokers
compared to non-smokers indicates the
impairment of gingival blood flow by smoking.?

In addition to periodontal destruction, a
probable adverse effect of smoking on oral cavity
is the pigmentation of oral mucosa. Apart from
smoking, oral pigmentation has been associated
with a variety of endogenous and exogenous
etiologic factors.>10 Pigmentation is mostly caused
by five primary pigments including melanin,
melanoid, oxyhemoglobin, hemoglobin, and
carotene.!l Meanwhile, a benign focal
pigmentation of the oral mucosa, smoker’s
melanosis, has been attributed to smoking
behavior.’2 Melanin production in gingival tissue
is stimulated as a result of the high content of
nicotine and benzpyrene in tobacco smoke.’® On
the other hand, disappearance of gingival
pigmentation was observed following the
reduction in smoking. Clinically, the lesion
usually presents as multiple brown pigmented
macules less than 1 cm in diameter, localized
mainly at the attached anterior labial gingiva and
the interdental papillae of the mandible.14

Axel and Hedin first described oral
pigmentation including lip pigmentation in
1982.%5 Since then, there were no reports except for
a recent study by Haresaku et al. who observed an
association ~ between lip and  gingival
pigmentations.1¢

In contrast to the sparse studies on lip
pigmentation, extensive attention has been paid to
gingival pigmentation during the past half a
century. As the relationships between
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pigmentation and periodontal parameters have
not been evaluated before, the present study
sought to establish and compare the effects of
smoking on lip and gingival pigmentation and
periodontal status and to assess the relationship
between  pigmentation and  periodontal
parameters.

Methods

The present study was conducted on 218
individuals attending the outpatient department
of public health dentistry (Chhattisgarh Dental
College and Research Institute, Rajnandgaon,
India). All the subjects were randomly selected
from the outpatient register during August 2012.
Totally, 109 smokers and an equal number of
non-smoker control subjects aging 35-44 years
(mean age: 39.5 years) were selected as the final
sample. The controls were matched with the
smokers in terms of age and sex. Individuals
suffering from nutritional deficiencies and
systemic disorders that would cause oral
pigmentation were excluded from the study. The
inclusion criteria for control subjects were not
using tobacco products and not having a history
of periodontal therapy.

The study protocol was approved by the ethics
committee of the mentioned institute. Written
informed consent was obtained from all
participants. All the measurements were carried
out by a single examiner who had been calibrated
with a senior examiner in a one-week pilot study
of 30 participants. The method of examination
and scoring was standardized in the department
of public health dentistry of Chhattisgarh Dental
College and Research Institute and an
intra-examiner reliability of 90% was obtained.
The questionnaire was presented in a pilot survey
and kappa (k) and weighted kappa (kw) were used
to evaluate the test-retest reliability of the
questionnaire. Internal consistency was assessed
by Cronbach's alpha (a) (k = 0.86, kw = 0.9, and
a = 0.78). Each examination took about
6-10 minutes.

Clinical examination was conducted by a
single examiner who assessed the existence of lip
and gingival pigmentation and periodontal
problems. The absence and presence of blackish
or brownish lip pigmentation were scored as zero
and one, respectively. Each lip was divided into
three sections and scores from each section were
evaluated. The total score for each individual was
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calculated as the sum of scores from the three
sections.1

Gingival pigmentation in each jaw was scored
based on the classification of melanin index
proposed by Hedin.'” Accordingly, pigmentation
was scored as zero for no pigmentation, one for
one or two solitary unit(s) of pigmentation in
papillary gingiva without formation of a
continuous ribbon between solitary units, and two
for more than three units of pigmentation in
papillary  gingiva without formation of
continuous ribbon. Scores three and four
corresponded to one or more short continuous
ribbons of pigmentation and one continuous
ribbon including the entire area between canines,
respectively. Total score of upper and lower
arches were taken and the final score was
calculated by summing the scores. Examination of
upper and lower gingiva was done with the help
of a plane mouth mirror.

A full periodontal examination including
measurements of gingival bleeding, probing
depth, and loss of attachment in each tooth was
performed. Data about the probing depth and loss
of attachment was obtained from the
measurements conducted by a senior clinician. A
calibrated Williams graduated periodontal probe
(Hu-Friedy, US) with circumferential lines at 1-3,
5, and 7-10 mm was used to assess mesiobuccal,
mid-buccal, distobuccal, mesiolingual, mid-
lingual and distolingual measurements of each
tooth. The presence of gingival bleeding and the
percentage of sites with bleeding was also
evaluated for each individual.

Data regarding the smoking behavior (ie.
duration and frequency) was obtained through
individual interviews with the participants. Then,
the subjects were classified as non-smokers,
current smokers, occasional smokers, and ex-
smokers. The smokers were further categorized
based on the duration of tobacco use (less than
five years, 6-10 years, 11-20 years, and more than
20 years). Number of cigarettes smoked in a
regular day was also classified as 1-2/day,
3-5/day, 6-10/ day, and more than 10/ day.

Current smokers constituted individuals who
smoking at least once a day at the time of study.
Non-smokers were subjects who had never
smoked cigarettes. Occasional smokers smoked at
least three consecutive days a week and former
smokers had not used tobacco products for at
least one year.
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Statistical analysis

All analyses were performed using SPSS for
Windows 15.0 (SPSS Inc.,, Chicago, IL, USA).
Descriptive data was presented as means and
standard deviation. Chi-square test was executed
to find statistical differences in the distribution of
pigmentation based on smoking status. Dunnett’s
test was used for multiple comparisons where
mean differences in pigmentation and periodontal
scores between non-smokers (as the reference
category) and other groups were evaluated.
Spearman correlation assessed the strength of the
relationships of smoking status with pigmentation
and periodontal status. A contingency table was
constructed to observe the concurrence of scores
of lip and gingival pigmentation. Statistical
differences in periodontal parameters based on lip
and gingival pigmentation grades in maxillary
and mandibular gingiva were evaluated using
Mann-Whitney  and  Kruskal-Wallis tests,
respectively.

Results

Current smokers constituted a major proportion
(58%) among the smokers. It is clear from table 1
that melanin pigmentations on lips and gingiva
were observed in all the individuals except for
one occasional smoker who did not exhibit
gingival pigmentation. Chi-square test revealed
significant ~differences in the presence of
pigmentation between the smokers and non-
smokers. While nearly two-thirds of the non-
smokers had no lip pigmentations, only 26.6% did
not exhibit gingival pigmentations.

The mean scores of lip and gingival
pigmentations in current smokers were 0.77 and
2.34, respectively (about seven and four times
higher than those of non-smokers). Oral
pigmentation increased with the increase in
smoking duration and frequency and lifetime
exposure to smoking.

On the other hand, the above-mentioned
parameters of smoking were inversely related with
bleeding and positively related with probing depth
and loss of attachment. According to Dunnett’s test,
probing depth and loss of attachment were
significantly higher and bleeding was significantly
lower in smokers than in non-smokers (Table 2).

None of current smokers reported lack of
pigmentation. All individuals with lip pigmentation
had a clear presence of gingival pigmentation. While
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Smoking status
Non-smokers
Ex-smokers

Occasional smokers
Current smokers

Statistical parameters

Total

Absent

Lip pigmentation
Present

Absent

Table 1. Frequency of lip and gingival pigmentation in the participants according to smoking status
Gingival pigmentation
Present

Total

75 (68.8%) 34 (312%) 29 (26.6%) 80 (73.4%) 109
0 10 (100%) 0 10 (100%) 10
0 36 (100%) 1 (2.8%) 35 (97.2%) 36
0 63 (100%) 0 63 (100%) 63
¥ =113.561 x> =30.183
P <0.001 P <0.001
75 142 30 (13.8%) 187 (86.2%) 217

Table 2. The mean scores of pigmentation and periodontal parameters based on smoking status, duration,

Smoking status
Non-smoker
Ex-smoker
Occasional smoker
Current smoker
Cigarettes per day
1-5

6-10

> 10

Statistical parameters

frequency, and lifetime exposure

Lip
pigmentation

Mean + SD

0.10+0.17
0.44+0.20
0.48+0.30"
0.77+0.26"

0.45 + 0.40

0.62+0.28"

1.00+0.10
r=0.746
P < 0.001

Duration of smoking (years)

1-5
6-10
>10

Statistical parameters

Unit years
1-199
200-399
>399

Statistical parameters

0.56+0.30"

0.72+£0.20"

0.92£0.09
r=0.674
P=0.010

0.63 +0.29"

0.50+0.29"

0.81+027
r=0.718
P =0.002

Gingival

pigmentation

Mean + SD

0.62 +0.42
1.66+0.77"
2.05+091"
234+0.76

1.50+0.57

2.00+0.82"

3.00 + 0.00"
r=0.746
P <0.001

1.92+0.83"

24+0.56

24+0.85
r=0.689
P=0.010

1.86+0.90

2.13+0.87

222 +0.64
r=0.682
P =0.001

Bleeding
Mean + SD

0.07 +0.08"
0.30+0.14
0.33+0.18"
0.45+0.23

0.09 +0.03"

034+0.16

0.50+0.17
r=0.699
P < 0.001

0.21+0.03
0.23+0.14

0.40+0.21"
r=0.776
P =0.001

0.40 +0.24"

0.41+0.14

0.19+0.21"
r=0.494
P =0.001

Probing
depth
Mean + SD

2.06+0.16"
1.84+0.47
1.67+0.56"
1.11+£0.32

2.08+0.73"
1.69 +0.46"
1.77 £ 0.49"
r=-0.497
P <0.001

1.77 £0.54"
1.85+0.09"
1.49+0.23"
r=-0.601
P =10.001

1.93 +0.50"
148 +0.54"
1.59+0.35"
r=-0.417
P =0.001

Loss of
attachment
Mean + SD

0.02 + 0.04
0.47+0.51"
0.50+0.30"
0.55+0.42"

0.45+035"

0.60+ 037"

0.72+0.29"
r=0.573
P <0.001

0.44+0.12"

0.52+0.37

0.53+0.25"
r=0.678
P =10.001

0.34+030

047+0.18"

0.61 +0.40°
r=0.409
P =0.001

* Significantly higher than that of non-smokers

Regular smokers

Table 3. Contingency table with gingival and lip pigmentation scores for regular smokers and non-smokers

Gingiva

Non-smokers

Lip
0
1-2
3-6

Statistical parameters

Total

1 11
6 45
' =42.148
P >0.001
7 56

23 52 75
3 12 15
0 6 6

¥ =46.753
P >0.001
26 70 96

Contingency coefficient: 0.043
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30.6% of non-smokers without lip pigmentations
lacked gingival pigmentations, 85.7% of those with
lip pigmentations had gingival pigmentations as
well (Table 3).

It is apparent from table 4 that all periodontal
parameters differed significantly based on the
presence of gingival and lip pigmentations.
Gingival bleeding was found to be the highest in
subjects without lip pigmentations and those
with  grade-one  gingival pigmentations.
However, it was the lowest in subjects with lip
pigmentations and those having grade three
pigmented gingiva. On the other hand,
measurements of periodontal probing depth and
loss of gingival attachment had the highest
values in subjects with pigmented lips and those
having grade-three gingival pigmentation. Their
lowest values were detected in subjects without
lip pigmentation and those having grade-one
gingival pigmentation.

Discussion

The present study, aiming at exploring the effects
of smoking on lip and gingival pigmentation and
periodontal status, was of high importance since
despite the great number of studies on smoking
and periodontal disorders, no such study has
been conducted in Indian subcontinent.

This study compared current, occasional, and
ex-smokers with non-smokers. Although previous
studies had excluded occasional and ex-smokers,
they were considered in this research to obtain the
most precise results by analyzing the effects of
smoking cessation on pigmentation and
periodontal status. Lower scores of pigmentation
and periodontal indicators were found in
occasional and ex-smokers which is in good
accordance with disappearance of lip and gingival
pigmentation’® and reduced severity of
periodontal diseases' on cessation of smoking
evident from past studies.

In this study, smokers and non-smokers
significantly differed in presence of pigmentation,
ie. all smokers had lip and gingival
pigmentations. This could be attributed to
nicotine and benzpyrene content of tobacco
smoke which stimulates melanin production from
the melanocytes.’® Even children of smoking
parents have been reported to exhibit greater
gingival pigmentations compared to children of
non-smoking parents.?
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Gingival pigmentation

Lip pigmentation

Mandible

=
=
[
=
o
—

Upper lip

Grade 1-2  Grade 3-4 Absent Grade 1-2 Grade 3-4

Absent

0.33+£0.24" 0.09+0.11 035+0.25" 0.15+0.18 0.42+0.23" 0.21+0.22 0.10£0.10 0.41+0.23" 0.23 £0.23 0.09 + 0.09

Bleeding

1.14+034" 1.61+£0.57 1.32+£0.46" 1.59+0.61 1.25+0.52" 1.37+0.50 1.77+0.53 1.20+£0.41" 1.40+0.53 1.77+0.55

Probing depth

0.05+0.13" 0.41+0.38 0.16+0.31" 0.42+0.36 020+042" 0.19+026 0.56+0.39 0.07+0.19° 0.25+0.34 0.55+0.37

Loss of attachment

Multani

* Significant difference
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While lip and gingival pigmentations were
present in all of our smoking participants, the
mentioned problems were seen in 33% and 27% of
a Japanese population, respectively.’® On the
other hand, 54.2% of Turkish adult smokers
showed gingival pigmentation.?! Previous studies
have reported that 15% of Europeans vs. 80% of
Asians have oral pigmentations.?? Such a
difference might have been caused by ethnic and
skin color differences.

Lip and gingival pigmentations were observed
in 31% and 73% of non-smokers, respectively.
These high values might have been due to ethnic
pigmentation. Oral pigmentation has been
previously reported among 96% of the Indian
population but only in 15% of Europeans?' and
37% of Turkish subjects.??

Smokers exhibited a clear periodontal
deterioration compared to non-smokers who mostly
presented healthier periodontium. A detrimental
effect of smoking on periodontium was alteration in
gingival bleeding, which was found to be more
among non-smokers than in smokers. This change
in normal physiology underlies in the fact that the
innate immune response of smokers is hampered by
an increment in the number of neutrophils and a
decreased functionality in peripheral circulation. In
fact, neutrophils show decreased chemotaxis,
phagocytosis, and adherence® and the action of T-
lymphocytes is also affected.” These decrease the
individual’s hemorrhagic response and gingival
blood flow.?

Other effects of smoking included increased
periodontal probing depth and loss of attachment.
It has been found that the strong reducing agents
(like carbon monoxide) present in tobacco smoke
reduce the redox potential of periodontal
mucosa.”> This alteration enhances the growth of

anaerobic microorganisms such as
Porphyromonas gingivalis and Aggregatibacter
actinomycetemcomitans26 and leads to

subgingival infection, pocket formation, and
finally loss of clinical attachment.

Several studies have shown a relationship
between the amount of smoking and the
prevalence and severity of periodontitis. A
relationship has been established between the
prevalence of moderate to severe periodontal
disease and number of cigarettes smoked per
day,?? numbers of years that a patient has
smoked,?? and unit years (total number of
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cigarettes smoked by an individual in one year).3

Even exposure to smoking has been related to
the severity of pigmentation.’® A similar
relationship was observed in the present study
where pigmentation and periodontal
deterioration =~ had  directly = proportional
relationships with smoking duration, frequency,
and unit years. On the other hand, when smoking
status was considered, the highest and lowest
degrees of pigmentation and periodontal
deterioration were recorded in current smokers
and non-smokers, respectively.

Also, in this study, the highest values of probing
depth and loss of clinical attachment were found in
subjects with lip pigmentation and grade-three
gingival pigmentation. However, those with no
pigmentation had the lowest scores. On the other
hand, gingival bleeding was inversely related to
pigmentation. Similar observations were reported
by an earlier study in Turkey.?2 The observed
association between pigmentation and periodontal
deterioration could be attributed to the indirect
relationship of these two entities which have a
common etiological agent, smoking.

The present study had several limitations. The
accuracy of reporting is mnot known. No
biomarkers such as cotinine levels or exhaled
carbon monoxide were tested to validate tobacco
exposure either through self-use or environmental
exposure. This study was conducted on subjects
who were present on the day of the survey and
hence other eligible but absent individuals were
not included. If the absents had been smokers, the
obtained prevalence might have underestimated
the actual level of smoking. On the other hand, if
the absents had been non-smokers, we might have
overestimated the actual smoking levels.

Further research has to be designed and
implemented to evaluate the efficiency of
comprehensive smoking cessation programs and
their effects on periodontal health. Public
awareness about the dangers of smoking should
be promoted through public education
campaigns. Policy efforts are also required to
address the problems in this field. Furthermore,
smoking cessation programs and anti-tobacco
advertisements need to be implemented.
Increased professional help for smoking cessation
should be made available to persons who want to
quit as all may positively impact the periodontal
health status of this population.
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Conclusion

Smoking was observed to influence lip and
gingival pigmentations and periodontium.
Periodontal status and melanin pigmentation
were influenced by duration, frequency, and unit
years of cigarette smoking. All individuals with
lip pigmentation presented some form of gingival
pigmentation. Probing depth and loss of
attachment were more severe in subjects with lip
and gingival pigmentation while the percentage
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