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Abstract
Cigarette smoking is a well-established risk factor for periodontitis. The high prevalence of
smoking in Asia therefore could affect the severity of periodontal disease and the outcome of
periodontal therapy in Asia. This systematic review and meta-analysis aims to determine the clinical
periodontal parameter of smokers with periodontitis in Asia following periodontal therapy. The
protocol has been registered to PROSPERO database (CRD42020201607). Literature search
followed the PRISMA (Preferred Reporting Items for Systematic Review and Meta-Analyses)
guideline through electronic databases (PubMed, Scopus, EBSCO).
A total of 868 studies were identified from the electronic databases. Title and abstract were
screened from the 415 remaining studies, and 357 irrelevant studies were excluded. Full text from
the remaining 58 studies were assessed for potential eligibility, and only 19 studies met the
inclusion criteria. Statistical Analysis used: Meta-analysis using random-effect model was
performed using Exploratory Software for Confidence Intervals (ESCI) software.
Meta-analysis results for changes in periodontal pocket depth (PPD) demonstrated a reduction
in periodontal pocket depth in both smokers and non-smokers group, with a mean difference of 0.83 mm (95% CI: -1.23 mm; -0.43 mm) and a mean difference of -1.13 mm (95% CI: -1.53 mm; 0.73 mm), respectively. Meta-analysis results for changes in clinical attachment level (CAL)
demonstrated a gain in clinical attachment level (CAL) in both smokers and non-smokers group,
with a mean difference of -0.98 mm (95% CI: -1.40 mm; -0.56 mm) and a mean difference of -0.97
mm (95% CI: -1.57 mm; -0.38 mm), respectively.
Smokers with periodontitis in Asia shows less reduction in periodontal pocket depth, indicating
that smoking has a negative effect on the outcome of periodontal therapy.
Review (J Int Dent Med Res 2022; 15(2): 926-934)
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Introduction
Periodontitis is an inflammatory disease
within the supporting tissues of the teeth,
resulting in progressive destruction of the
periodontal ligament and alveolar bone. 1,2 The
destruction leads to loss of periodontal
attachment and the formation of periodontal
pocket .3 Several risk factors affect the progress
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and onset of periodontitis, where cigarette
smoking is one of the most important risk factor
for periodontitis .4 A meta-analysis study showed
that smokers had approximately 80% higher risk
for periodontitis than quitters and neversmokers.5 Smoking can increase the risk of
clinical attachment loss two to eight fold .6
Smokers also have higher mean of probing depth
and greater gingival recession compared to nonsmokers.6 Periodontitis initiation and progression
depends on dysbiotic ecological changes in the
microbiome, that is influenced by smoking.
Smoking makes the dysbiotic microbiome
changes more likely for some patients than
others, and likely influence the severity of the
disease.3
Prevalence of the periodontal disease
varies in different regions of the world, and a
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higher prevalence and severity of periodontal
disease is seen in Asian countries. 7,8Tobacco
smoking and betel chewing phenomenon in Asia
are risk factors associated with the high
prevalence and severity of periodontal disease in
this region .9 In 2015, more than 1.1 billion
people in the world were smokers, dominated by
men.10 Global Burden of Disease Study 2015
reported that the global prevalence of current
smoking in men is 25%, half of whom live in 3
Asian countries - China, India, and Indonesia .11
Periodontal therapy is needed to treat
periodontitis in smokers. However, smoking habit
can also affect the response to periodontal
therapy. Several studies have stated that the
healing process of periodontal tissue after
periodontal therapy is worse in smokers than in
nonsmokers.12–15 This can be related to the high
quantity of Gram-negative bacteria in smokers
compared to non-smokers.16,17 Dysbiosis of the
periodontal microbiome was presented in
smokers despite of their periodontal condition
and remained significant only in smokers even
after the reduction of clinical signs of periodontitis
with non-surgical periodontal treatment and over
3 months post-therapy. 18 Kanmaz, et al. also
showed that smoker patients exhibit faster
recolonization of Gram-negative bacteria in
subgingival plaque samples 6 month after
periodontal therapy .17 Recurrence of periodontal
disease is more common in smokers than in
nonsmokers.
An appropriate strategy is needed to
address the severity of periodontal disease in the
Asian region 19. This meta-analysis is devoted to
studies conducted in Asia, so as to evaluate the
results of periodontal therapy to treat smokers
with periodontitis in the Asian region.
Materials and methods
Registration Protocol
This systematic review and meta-analysis
protocol has been registered to PROSPERO
database, under the registration number
CRD42020201607.
Search Strategy
This systematic review was conducted
following the PRISMA (Preferred Reporting Items
for Systematic Review and Meta-Analyses)
guideline. Literature searches were performed on
three electronic databases: PubMed, Scopus,
and EBSCO. The publication period was
Volume ∙ 15 ∙ Number ∙ 2 ∙ 2022
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restricted from August 2005-August 2020. Only
full paper publication written in English were
selected. The following search terms were
“smoking”, “smokers”, “periodontitis”, “periodontal
therapy”, “non-surgical periodontal therapy”,
“periodontal flap”, “supportive periodontal”.
References from eligible studies were scrutinized
to identify additional studies.
Inclusion and Exclusion Criteria
The inclusion criteria for this study: (1)
controlled clinical trials, randomized controlled
trials, case-control studies, and cohort studies,
(2) Studies conducted in Asia, (3) Published
between 2005-2020, (4) Full paper publication
written in English, (5) Studies that categorized
subjects into ≥2 groups, include smoker and nonsmoker with periodontitis, (6) Studies that report
the periodontal pocket depth (PPD) and clinical
attachment level (CAL) of smokers and nonsmokers with periodontitis, before and after
periodontal therapy. The exclusion criteria for this
study: (1) Case series, case report, animal
studies, cross sectional studies, (2) Studies that
include patients with systemic condition and
antibiotic consumption in the last 3 months.
Risk of Bias
Risk of bias of included studies were
assessed by two independent reviewer using
RoB 2.0 tool for randomized controlled trial and
ROBINS-I tool for non-randomized intervention or
controlled clinical trials. Risk of bias in RoB 2.0
tool is judged with “low”, “moderate”, and “high”,
meanwhile in the ROBINS-I tool is judged with
“low”, “moderate”, “serious”, and “critical”.
Data Synthesis and Statistical Analysis
The qualitative synthesis was presented
in a summary table, consisting of the first
author’s name, publication year, demography
data, periodontitis criteria, smokers criteria,
intervention, and follow-up. Clinical periodontal
parameters data such as periodontal pocket
depth and clinical attachment level were
presented in Supplementary Table 1 and
Supplementary Table 2. Meta-analysis using
random-effect model was performed using
Exploratory Software for Confidence Intervals
(ESCI) software (Cumming, 2012), for each main
outcome (PPD and CAL). Results were
presented with forest plot of mean difference and
95% confidence interval (CI).
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Results
Study Selection
A total of 868 studies were identified from
the electronic databases (Fig. 1). Duplicated
studies from those electronic databases were
removed. Title and abstract were screened from
the 415 remaining studies, and 357 irrelevant
studies were excluded.
Full text from the
remaining 58 studies were assessed for potential
eligibility, and only 19 studies met the inclusion
criteria.
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There is a wide variation in smokers
criteria among studies. Number of cigarettes per
day and the smoking duration ranged from ≥5
cigarettes per day for at least 3 years, to ≥10
cigarettes per day for at least 10 years. Of the
total of 19 studies, 17 studies categorized patient
based on a self-reporting smoker’s history or selfquestionnaire, and 2 studies categorized patient
based on a self-questionnaire and cotinine level
measurement.18 studies were non-surgical
periodontal therapy, and 1 study was
regenerative therapy with platelet rich plasma
combined with bovine derived xenograft.
Risk of Bias
The risk of bias assessment using the
ROBINS-I tool was conducted in 17 studies with
a
non-randomized
intervention
design
(Supplementary Fig. 1). A total of 11 studies
have a low risk of bias, namely the study
conducted by Ikezawa-Suzuki I, et al. (2008),
Toker H, et al.(2012), Hendek MK, et al. (2015),
Aziz, et al. (2015), Meenawat A, et al. (2015),
Akbari G, et al. (2015), Turkoglu O, et al. (2016),
Guru S, et al. (2018), Varghese J, et al. (2020),
Kanmaz, et al. (2020), Hendek, et al.
(2020) .17,20–28 Six studies had a moderate risk of
bias, namely the study conducted by Wan, et al.
(2009), Buduneli N, et al. (2009), Mittal S, et al.
(2017), Jiao J, et al. (2017), Padhye N, et al.
(2019), Yilmaz S, et al.(2010). 12,29–33

Figure 1. PRISMA flow diagram.
Characteristics of Included Studies
Nineteen studies met the inclusion criteria,
that were published between 2008-2020 (Table
1). This systematic review and meta-analysis
consist of studies that were carried out in Asia,
with one study in Japan, one study in Hong Kong,
one study in China, one study in Saudi Arabia,
seven studies in India, and eight studies in
Turkey. Of the 19 studies that were included, 17
studies were non-randomized intervention, and 2
studies were randomized controlled trial. The
participants were dominated by male patients.
The age of patients in included studies ranged
from 18-80 year. All of the included studies
stated the periodontitis patient criteria, with 18
studies include patient that is diagnosed based
on the AAP 1999 classification, and 1 study Figure 2. Forest Plot for Changes in Periodontal
include patient that is diagnosed based on the Pocket Depth in Smokers (3 Month Follow-Up).
AAP 2017 classification.
Volume ∙ 15 ∙ Number ∙ 2 ∙ 2022
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This systematic review consists of two
studies with randomized controlled trial, which
were assessed using the RoB 2.0 tool
(Supplementary Fig. 2). These two studies,
namely the study conducted by Pamuk F, et al.
(2017), and AlAhmari F, et al. (2019) has a low
risk of bias. 34,35
Clinical Periodontal Parameters
A total of 19 studies that reported
changes in pocket depth following periodontal
therapy in smokers and non-smokers were
included in this study. PPD in 16 studies were
reported with mean (Supplementary Table 1),
while in the other three studies were reported
with median (Supplementary Table 2). Twelve
studies conducted biochemical analysis of GCF
samples before and after periodontal therapy in
both
smokers
and
non-smokers
group
(Supplementary Table 3).
PPD data in smokers and non-smokers
from six studies were included in the metaanalysis. Data from other studies could not be
included in the meta-analysis because of
differences in study design, differences in followup time, and unavailability of mean and standard
deviation. Meta-analysis for changes in pocket
depth after periodontal therapy were performed
in studies that had the same design, namely nonrandomized intervention and at 3-month followup. Studies that would be included in the forest
plot were Turkoglu O et al. (2016), Mittal S, et al.
(2017), Varghese J, et al. (2020), Aziz A, et al.
(2015), Akbari G, et al. (2015), and Wan, et al.
(2009). 12,23–25,27,30
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Pocket Depth in Non-Smokers (3 Month FollowUp).
The results of the meta-analysis using the
random effects model showed a significant
reduction in pocket depth after periodontal
therapy in smokers, with a mean difference or
overall mean value of -0.8288 mm (95% CI: [1.2305 mm; -0.4271 mm], p<0.001) (Fig. 2). The
results of the meta-analysis using the random
effects model also showed a significant reduction
in pocket depth after periodontal therapy in nonsmokers with a mean difference or overall mean
of -1.132 mm (95% CI: [-1.532 mm; -0.731 mm],
p<0.001) (Fig. 3). The overall mean value in both
groups indicated that after periodontal therapy,
the nonsmoking group experienced a higher
pocket depth reduction compared to smokers.
Twelve of the 19 studies included in this
study reported clinical attachment level data
before and after periodontal therapy, in the
smokers and non-smokers groups. Eight studies
reported the mean and standard deviation, one
study only reported the mean, (Supplementary
Table 1) while the other three studies reported
the CAL with median (Supplementary Table 2).

Figure 4. Forest Plot for Changes in Clinical
Attachment Level in Smokers (3 Month FollowUp).

Figure 3. Forest Plot for Changes in Periodontal
Volume ∙ 15 ∙ Number ∙ 2 ∙ 2022

Data on changes in clinical attachment
levels in smokers from two studies were included
in the meta-analysis. Data from other studies
could not be included in the meta-analysis
because of differences in study design,
differences in follow-up time, and unavailability of
data in mean and standard deviations. Metaanalysis for changes in clinical attachment levels
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after periodontal therapy in smokers and
nonsmokers were carried out in studies that had
the same design, namely non-randomized
intervention and at 3-month follow-up.
The results of the meta-analysis using the
random effects model showed a significant
improvement in CAL after periodontal therapy in
smokers with a mean difference or overall mean
of -0.9807 mm (95% CI: [-1.4026 mm; -0.5588
mm], p<0.001) (Fig. 4). The results of the metaanalysis using the random effects model as well
showed a significant improvement in CAL after
periodontal therapy in nonsmokers with a mean
difference or overall mean of -0.9746 mm (95%
CI: [-1.566 mm; -0.383 mm], p<0.001) (Fig. 5).
The overall mean value in the two groups
indicated that after periodontal therapy, the
nonsmokers group experienced a lower CAL gain
compared to smokers.

Figure 5. Forest Plot for Changes in Clinical
Attachment Level in Non-Smokers (3 Month
Follow-Up).
Discussion
Periodontitis can be influenced by various
risk factors, smoking is one of the most influential
risk factors. Smoking habit is one of the risk
factor associated with the high prevalence and
severity of periodontal disease in the Asian
region.9 This systematic review and
metaanalysis aims to determine the clinical
periodontal
parameter
of
smoker
with
periodontitis in Asia following periodontal therapy,
so as to evaluate the results of periodontal
therapy to treat smokers with periodontitis in the
Asian region.7
Volume ∙ 15 ∙ Number ∙ 2 ∙ 2022
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This meta-analysis study begins with a
qualitative synthesis or systematic review. There
were 19 studies included in the systematic review,
17 studies were non-randomized intervention and
two studies were randomized-controlled trial. A
total of 18 studies were non-surgical periodontal
therapy, and other study was surgical periodontal
therapy. The follow-up of each study that was
included varied, namely 1 month, 2 months, 3
months, 6 months, and 12 months. This
systematic review and meta-analysis study
showed that there was a reduction in pocket
depth after periodontal therapy, in both smokers
and non-smokers. The reduction in pocket depth
was seen in all follow-ups, namely 1 month, 2
months, 3 months, 6 months, and 12 months’
follow-up.
The meta-analysis study showed that the
reduction in pocket depth in smokers was worse
(-0.8288 mm; 95% CI: [-1.2305 mm; -0.4271 mm],
p <0.001) compared to non-smokers. (-1.132 mm
(95% CI: [-1.532 mm; -0.731 mm], p <0.001).
This supports the theory that smoking has a
negative effect on periodontal therapy. The
results of this study support previous research
conducted by Labriola. et al. regarding the effects
of smoking on non-surgical therapy of
periodontal.36.Labriola, et al. conclude that
smoking has a negative impact on non-surgical
periodontal therapy, with a weighted mean
difference between smokers and nonsmokers of
0.433 mm.36
Smoking is an important risk factors on
periodontal disease. Several studies have shown
that smokers have a higher pocket depths
compared with non-smokers.13,37,38 This is also
supported by the periodontal pocket depth data
obtained in the included studies in this metaanalysis. Thirteen out of 19 studies, which were
included in a qualitative synthesis or systematic
review, showed higher pocket depth in smokers
prior to periodontal therapy, eight of which,
showed significant differences between the
smokers
and
nonsmokers
groups.20,22,23,26,28,30,32,39
Clinical
periodontal
parameters before and after periodontal therapy
were worse in smokers than non-smokers,
regarding the effect of smoking on the response
immune-inflammatory of the host.6,40
Twelve studies that were included in this
study conducted an analysis of inflammatory
biomarkers in the smokers and non-smokers
groups. Aziz, et al. conducted an analysis of
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levels of IL-10, an anti-inflammatory cytokine and
IL-6, a pro-inflammatory cytokine.23 Oxidative
stress markers such as superoxide dismutase,
GPx
(glutathione
peroxidase),
and
malondialdehyde were also investigated in this
study. The results of this study indicated that
prior to periodontal therapy, malondialdehyde
was significant (p <0.05) higher in smokers,
whereas levels of IL-6, C-Reactive protein, and
superoxide dismutase were higher in smokers,
but there was no significant difference. The high
level of these biomarkers in smokers compared
to non-smokers indicated that the periodontal
tissue damage was worse in smokers.
Meanwhile, markers such as IL-10, GPx
(gluthatione peroxidase), and vitamin C levels
were worse in smokers. This study shows that
there is an improvement of these inflammatory
biomarkers after scaling and root planing was
performed. Scaling and root planing significantly
increased IL-10, GPx activity, and vitamin C
levels in both groups. Meanwhile, other
biomarkers such as IL-6, C-reactive protein,
malondialdehyde, and superoxide dismutase
decreased significantly after scaling and root
planing. These results show improvements in
inflammatory biomarkers in smokers and nonsmokers, but improvements in these biomarkers
are worse in smokers.23 Studies conducted by
Padhye et al. also performed an analysis of
levels malondialdehyde in the saliva of smokers
and nonsmokers, where malondialdehyde levels
were higher in smokers prior to periodontal
therapy. After periodontal therapy, there was a
reduction in levels in malondialdehyde both
groups, but the levels of malondialdehyde in
smokers were still high.32
Akbari, et al. showed that the reduction in
pocket depth after periodontal therapy was
higher in non-smokers than in smokers,
indicating the presence of sites of persistent
inflammation. This is also supported by the MMP8 analysis conducted in this study. MMP-8 is a
matrix
metalloproteinase
associated
with
collagen breakdown in periodontal tissues, seen
on GCF and saliva from periodontitis patients.
This study showed that MMP-8 in smokers was
higher than in non-smokers, but that the
reduction of MMP-8 after periodontal therapy was
higher in non-smokers.24
This systematic review and meta-analysis
also showed an improvement in clinical
attachment level in the smokers and nonsmokers
Volume ∙ 15 ∙ Number ∙ 2 ∙ 2022
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groups. The improvement in clinical attachment
level was seen at all follow-ups, namely 1 month,
2 months, and 3 months’ follow-up. The results of
the meta-analysis in the smokers group showed
that there was a significant improvement in the
clinical attachment level after periodontal therapy,
namely -0.9807 (95% CI: [-1.4026; -0.5588], p
<0.001). The results of the meta-analysis in nonsmokers also showed that there was a significant
improvement in the clinical attachment level,
namely -0.9746 (95% CI: [-1.566; -0.383], p
<0.001). Both overall mean indicated that there
was a significant improvement of clinical
attachment level in smokers and nonsmokers
after periodontal therapy, but the improvement in
the clinical attachment level after periodontal
therapy in non-smokers was worse than smokers.
These results are consistent with previous
research, conducted by Labriola, et al. regarding
the effects of smoking on non-surgical
periodontal therapy.36 Studies conducted by
Labriola, et al. showed that smoking had a
negative effect on non-surgical periodontal
therapy, but it was only associated with a higher
reduction in pocket depth in nonsmokers,
whereas the mean difference of improvement in
clinical attachment level between smokers and
nonsmokers showed no significant difference.
This could be caused by reduced edema in the
periodontal tissue of the smoker prior to therapy.
Increased vasoconstriction in smokers is
associated with reduced bleeding and edema, so
smokers have less potential for resolution of
inflammation and less potential for gingival
recession. Labriola, et al. stated that this may
lead to no significant differences in the
improvement of clinical attachment levels
between smokers and nonsmokers.36
Conclusions
Clinical periodontal parameter of smokers
with periodontitis in Asia following periodontal
therapy showed a significant change compared
to baseline. However, non-smokers show a
greater reduction in periodontal pocket depth,
indicating that smoking has a negative effect on
the outcome of periodontal therapy.
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