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Abstract

Aims: This systematic review aimed to estimate the effect of tobacco smoking cessation on the risk 
for periodontitis compared to the risk among never-smokers and to evaluate the effect of tobacco 
smoking cessation on the clinical outcomes of nonsurgical periodontal treatment.
Methods: Electronic searches were performed in PubMed, Scopus, and Embase. Search strat-
egy included MeSH and free terms: periodontitis, periodontal diseases, smoking, tobacco use, 
tobacco, tobacco products, cigarette, pipe, and cigar. Only original prospective longitudinal 
observational and interventional studies that investigated the association between smoking ces-
sation and periodontitis onset or progression were included. Meta-analyses were conducted to 
summarize the evidence.
Results: A total of 2743 articles were identified in electronic searches; out of which only six were 
included in the meta-analysis. Pooled estimates showed that the risk of periodontitis incidence 
or progression among those who quit smoking was not significantly different from the risk for 
never-smokers (risk ratio [RR] = 0.97; 95% confidence interval [CI]  =  0.87% to 1.08%). Smokers 
had approximately 80% higher risk of periodontitis than quitters (RR = 1.79; 95% CI = 1.36% to 
2.35%) and never-smokers (RR = 1.82; 95% CI = 1.43% to 2.31%). Periodontal therapy resulted in up 
to 0.2 mm (95% CI = −0.32% to −0.08%) higher gain in attachment level and extra 0.32 mm (95% 
CI = 0.07% to 0.52%) reduction in pocket depth among quitters over nonquitters after short follow-
up (12–24 months).
Conclusions: Few studies on the topic were identified. Smoking cessation reduced the risk for 
periodontitis onset and progression, and improved the outcomes of nonsurgical periodontal 
therapy.
Implications: This review provides the first quantitative evidence of the impact of smoking cessa-
tion on the risk for periodontitis onset and progression. The findings have demonstrated that the 
risk for periodontitis becomes comparable to that of never-smokers and that nonsurgical peri-
odontal treatment outcomes improve after smoking cessation. Dental professionals ought to con-
sider smoking cessation interventions as a relevant component of the periodontal therapy.
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Introduction

Tobacco smoking has well-documented harmful effects on physical 
health with major economic costs to society. It is the leading avoid-
able cause of disease, including the burden of cardiovascular dis-
eases, cancer, and respiratory diseases, causing impoverishment by 
long-term treatments and loss of productivity.1 Health care expend-
iture related to smoking represented 1.8% of the entire world gross 
domestic product in 2012.1

Tobacco smoking is also associated with inflammation-driven 
oral conditions such as periodontitis and oral cancer.2–4 Concerning 
periodontitis, tobacco smoking sustains a chronic inflammatory pro-
cess that results in the destruction of the periodontal ligament and of 
the supporting alveolar bone, ultimately resulting in tooth loss.5 In 
2010, around 700 million people suffered from severe periodontitis,6 
with numbers expected to rise due to increasing life expectancy and 
more retained teeth due to less dental caries.

Despite the evidence suggesting the detrimental effects of smok-
ing on periodontitis,7 little is known about the effect of smok-
ing cessation on periodontitis. Two systematic reviews focusing 
on the effects of smoking cessation on the results of periodontal 
treatment have been published.8,9 Even though one of them also 
reported incidence or progression rates of periodontitis after smok-
ing cessation, the search strategy used by the authors restricted the 
number of included studies and the lack of a meta-estimate pre-
cluded the authors to quantify the impact of smoking cessation on 
periodontitis.9

Given the gap left by the previous systematic reviews and the 
lack of conclusive results about the effect of smoking cessation on 
periodontitis, we aimed to systematically review prospective longi-
tudinal studies to determine the effect of smoking cessation on the 
risk for periodontitis incidence and progression compared to never-
smokers. In addition, we reviewed the longitudinal effect of smok-
ing cessation on the clinical outcomes of nonsurgical periodontal 
treatment.

Methods

This review followed the Meta-analysis Of Observational Studies in 
Epidemiology (MOOSE) guidelines.10

The review questions followed the PECOS format:

1. “What is the prospective longitudinal impact of tobacco smok-
ing cessation on the risk for periodontitis onset and progression 
among adults?”

 (P) Population: Adults;
 (E) Exposure: Individuals who quit tobacco smoking;
 (C) Comparison: Individuals who never smoked tobacco or indi-

viduals continuing tobacco smokers;
 (O) Outcome: Periodontitis incidence or progression;
 (S) Study design: Prospective longitudinal observational studies.

2. “Does tobacco smoking cessation impact on clinical response to 
periodontal therapy?”

 (P) Population: Adults;
 (E) Exposure: Individuals who quit tobacco smoking;
 (C) Comparison: Individuals who never smoked tobacco or indi-

viduals continuing tobacco smokers;
 (O) Outcome: Clinical periodontal response to periodontal 

therapy;
 (S) Study design: Prospective longitudinal interventional studies.

Eligibility Criteria
Longitudinal prospective observational studies and interventional 
studies exploring the association between smoking cessation and 
periodontitis were the candidates for this review. To be included, the 
study should have presented at least two measurements of periodon-
titis over time, and information on smoking cessation in comparison 
with either never-smokers or continuing smokers. The definitions of 
smoking and of periodontitis, so as the threshold to determine its 
incidence or progression, were accepted as described by the authors.

Cross-sectional and retrospective longitudinal studies were not 
considered, neither were reviews, case reports, letters, comments, 
and conference abstracts.

Search Strategy
The main biomedical databases PubMed, Embase, and Scopus 
were searched up to and including May 2017. The following initial 
search was conducted on PubMed: ((“Periodontal diseases”[Mesh]) 
OR “Periodontitis”[Mesh]) OR “Chronic Periodontitis” [Mesh]) 
OR “Periodontal diseases”[all]) OR “Periodontitis”[all]) OR 
“Chronic Periodontitis” [all])) AND ((“Smoking”[Mesh]) OR 
“Tobacco Use”[Mesh]) OR “Tobacco”[Mesh]) OR “Tobacco 
Products”[Mesh]) OR “Smoking”[all]) OR “Tobacco Use”[all]) OR 
“Tobacco”[all]) OR “Tobacco Products”[all]) OR “Cigarette”[all]) 
OR “Pipe”[all]) OR “Cigar”[all])). Date and language restrictions 
were not applied. To increase literature saturation, the reference 
lists of all included studies or relevant reviews were hand searched 
for additional studies. The gray literature was checked in a Google 
Scholar search by analyzing the first 200 hits.

Studies Selection and Data Extraction
References were entered in Endnote X8.01 (Thomson Reuters, New 
York, NY) and duplicates removed. According to the inclusion and 
exclusion criteria, titles and abstracts were independently screened 
by reviewers (GGN and FS). Studies with potential to be included in 
the review were full text accessed independently and the lists subse-
quently compared.

Information regarding authors’ name, year of publication, sam-
ple size, country of data origin, follow-up time, smoking behavior 
and periodontal measures were extracted. Information on periodon-
titis incidence or progression was also gathered. Information on 
the statistical approach chosen by the authors, crude and adjusted 
results, and confounders were also collected for observational stud-
ies. If more than one category of periodontal status was described, 
only the most extreme was considered in the meta-analysis. For 
those populations with multiple assessments along the years, only 
the most recent estimate with longer follow-up was included in the 
meta-analysis. All disagreements were resolved through consensus 
during all steps of the review process. Authors were contacted if fur-
ther details regarding the study methods or results were necessary.

Critical Appraisal
The quality of the studies was independently assessed by the same 
two reviewers using the Newcastle–Ottawa scale for cohort studies 
in case of observational studies11 and the modified version of the 
Newcastle–Ottawa scale for nonrandomized studies for the inter-
ventional studies.13 The reviewers had consensus meetings on how 
to assess the questions previously to the process. The scores for 
each dimension were displayed in a graph to enable comparison of 
strengths and caveats of each study.
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Data Synthesis
Observational Studies
Analyses were carried out in Stata 14.2 (StataCorp, College Station, 
TX). Meta-analyses were performed for the following comparisons: 
(1) never-smokers versus quitters; (2) quitters versus continuing 
smokers; (3) never-smokers versus continuing smokers. In add-
ition, indirect comparisons between never-, former and continuing 
smokers were estimated using network meta-analysis. As network 
meta-analysis requires the raw data to calculate the indirect com-
parison estimates, only studies with these data available were 
pooled. A combined estimate of risk ratios (RRs) was obtained using 
both fixed- and random-effect models. The latter was preferred in 
case of heterogeneity, for example, I2 > 50% or chi-square p value < 
0.05. For estimates described as odds ratio, if data were accessible, 
RR was calculated.12

Sensitivity analysis was performed to test the stability of the 
results and the influence of each study on the pooled estimate by 
removing one study at a time. Additionally, contour-enhanced fun-
nel plots and the Egger test were used to verify small-study report-
ing bias by detailing statistical significance on a funnel-plot in a 
meta-analysis.13

Interventional Studies
It was not possible to perform a meta-analysis of interventional stud-
ies due to the heterogeneity of the data.

Results

Initial searches retrieved 2743 studies before the 1153 duplicates 
were removed. From the 1590 manuscripts with titles and abstracts 
screened, 58 were considered for full-text reading, 10 were included 
in the review and 6 presented data for meta-analysis (Supplementary 
Table  1) . Main reason for exclusion from meta-analysis was the 
lack of data to obtain a relative risk estimate. Figure 1 illustrates the 
articles selection along all steps of the process. The critical appraisal 
results according to the different domains of the Newcastle–Ottawa 
scale for both observational and interventional studies are shown in 
Supplementary Figure 1.

Observational Studies
Key features of each study are summarized in Table 1. All reports 
were originated from high-income countries and the follow-up time 
ranged from 4 to 32 years. Smoking behaviors were assessed using 

self-reported questionnaires in all included studies, whereas peri-
odontal tissue destruction was determined through full mouth radio-
graphs in four studies and partial mouth clinical examination in the 
other four. We found considerable variation in the parameters used 
for determining periodontitis incidence or progression (Table 1).

RR estimates could not be calculated from two studies.14,15 
According to the pooled estimates of adjusted data, the risk for 
periodontitis incidence or progression among those who quit smok-
ing was not significantly different from the risk for never-smokers 
(RR = 0.97; 95% CI = 0.88% to 1.07%) (Figure 2, A). Low het-
erogeneity was observed between studies (I2 0.0%; chi-square 
p = 0.772). Supplementary Figure 2 shows that smoking cessation 
had a similar impact on the risk of periodontitis incidence and pro-
gression. In addition, the Egger test and the contour-enhanced funnel 
plot (Supplementary Figure 3) discarded the presence of small-stud-
ies effect (Egger test p = 0.249).

Smokers had approximately 80% higher risk of periodontitis 
than quitters (RR = 1.79; 95% CI = 1.36% to 2.35%) and never-
smokers (RR = 1.82; 95% CI = 1.43% to 2.31%) (Figure 2, B and 
C respectively). Similar findings were also revealed by the network 
meta-analysis (Supplementary Figure 4).

Sensitivity analysis revealed that the omission of any study would 
not affect the pooled estimate of any meta-analysis (Supplementary 
Figures 5–7).

Interventional Studies
Main findings from the interventional studies are described in 
Table 2. The reports originated from a middle-high-income16 and a 
high-income country,17 respectively. After the periodontal therapy, 
patients were followed for up to 12 months17 and 24 months.16 For 
both studies, information on smoking behaviors relied on carbon 
monoxide level measurement and periodontal disease status on full 
mouth clinical examination.

Periodontal treatment resulted in 0.2 mm higher gain in attach-
ment level among quitters than that among nonquitters in Rosa and 
colleagues’ study21 whereas no differences were detected by Preshaw 
et  al.17 Pocket depth reduction after periodontal treatment was 
0.3 mm21 and 1.1 mm17 higher among quitters than among nonquitters.

Discussion

Even though it has been advocated that patients should quit smok-
ing to reduce the risk for periodontitis,18 this is the first systematic 
review to show that after smoking cessation the risk for periodon-
titis incidence and progression can be reversed to the same level as 
that of never-smokers. These studies also revealed that smokers had 
approximately 80% higher risk of periodontitis than quitters and 
never-smokers, corroborating findings from previous meta-analysis.4 
Results from observational studies demonstrated that smoking ces-
sation reduces attachment loss progression,19,20 pocket deepening,21,22 
and radiographic bone loss.19,20,28,29 Moreover, patients complying 
with smoking cessation programs along nonsurgical periodontal 
therapy presented more attachment gain21 and less deep pockets16,17 
compared to nonquitters.

Even though after smoking cessation tobacco products are quickly 
eliminated from the organism, tobacco effects on inducing systemic 
inflammation might last for months or years.25 For instance, the det-
rimental effects of smoking on cardiovascular disease and cancer can 
be seen even 20 years after smoking cessation.26 Possible causes are 
persistent higher levels of proinflammatory proteins, for example, Figure 1. Flow-chart of the studies selection along the process.
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C-reactive protein and fibrinogen which increase plasma viscosity.27 
The increase in proinflammatory markers and in some antigens lev-
els are due to slowly reversible damages to blood vessels and lungs, 
which keep producing for years after smoking cessation inflammatory 
molecules.28 After smoking cessation, C-reactive protein and neutro-
phils levels were still elevated after 10 and 20 years respectively, the 
tissue plasminogen activator antigen, an indicator of endothelial dys-
function, persisted high for 5 years with complete normalization after 
20  years.25,29,30 A previous systematic review suggested a possibility 
of periodontitis risk reversal within 10 years after smoking cessation, 
whereas response to periodontal therapy improved after 1  year.9,17 
However, our results suggest that smoking cessation has beneficial 
effects on the risk for periodontitis and on the response to periodontal 
therapy already in the first 12 months after quitting smoking.

According to Yarnell,27 the initial quick decline in proinflamma-
tory molecules levels after smoking cessation has been associated 
with the reversal of local and systemic acute effects of smoking, for 

example, hypoxia. In fact, periodontal ligament cells respond in a 
few hours to hypoxic conditions, modulating the expression of the 
receptor activator of nuclear factor kappa B ligand, a key event to 
alveolar bone resorption.5,31,32 Moreover, hypoxic conditions seem 
to induce formation of reactive oxygen species and to reduce cata-
lase levels, part of the redox system, which increase the oxidative 
stress perpetuating inflammation and bone resorption.33 Sayardoust 
et  al.34 showed in a randomized clinical trial that higher levels of 
hypoxia-inducible factor 1 alpha in the moment of dental implant 
placement resulted in higher marginal bone loss in the future. In 
terms of treatment, intermittent hypoxia or oxygen fluctuating levels 
reduce the migratory abilities of some oral cells retarding the overall 
healing process.35 Thus, the reduction in the inflammatory stimulus 
after smoking cessation, including hypoxia, seems to be beneficial to 
decrease the connective tissue and bone destruction.

This review is not free of limitations. An important problem of 
clinical trials with smoking participants is the loss to follow-up. Both 

Figure 2. (A) Pooled effect of smoking cessation on the incidence and progression in former smokers compared to never-smokers. (B) Pooled effect of smoking 
on the incidence and progression in continuing smokers compared to former smokers. (C) Pooled effect of smoking on the incidence and progression in 
continuing smokers compared to never-smokers. Data are presented as relative risk for each study (boxes), 95% confidence intervals (CIs) (horizontal lines) and 
summary as relative risk with 95% CI (diamond).
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interventional studies included in this review reported high losses to 
follow-up. The main reasons for abandoning the study have been 
reported to be related to guilt and shame of not being able to quit 
smoking, younger age, lower schooling years, and lack of previous 
willingness to quit smoking.36 Another aspect that should be exam-
ined relates to the occurrence of relapse following smoking cessa-
tion. Even though interventions have been conducted to prevent this 
issue, the proportion of individuals returning to smoking over time 
seems to be a major challenge in smoking cessation studies.37 Our 
results support a positive effect of quitting smoking on periodontitis 
and they would not invalidate the results from interventional studies; 
however, the high follow-up losses might have underestimated the 
effect of combined nonsurgical periodontal therapy with a smoking 
cessation program.38 In addition, the high follow-up losses combined 
with the short-term follow-up of interventional studies may have 
contributed to the small differences in clinical outcomes observed 
between quitters and smokers. Probably, with longer follow-up dif-
ferences between both groups shall increase.

The restriction to prospective longitudinal studies and the com-
bination of data from almost 13 500 individuals strengthened the 
evidence of the reversibility of periodontitis risk with smoking ces-
sation. Results from direct and indirect comparisons estimated with 
both conventional and network meta-analyses support the consist-
ency of our findings. Furthermore, the exclusion of any study from 
these included in the review would not nullify the association sup-
porting the robustness of the results. Therefore, the results emphasize 
the important role of activities promoting and reinforcing smoking 
cessation and the influence of smoking policies on periodontal health.

Conclusions

Risk for periodontitis onset and progression after smoking cessa-
tion seems to be comparable to that of never-smokers. In addition, 
smoking cessation seems to improve the response to nonsurgical 
periodontal therapy. Thus, while there is little evidence on whether 
smoking cessation interventions on the chair-side are effective or 
not, current evidence indicates that smoking cessation promotion 
and reinforcement ought to be included in the periodontal treatment 
strategy of smokers with periodontitis.
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