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INTRODUCTION

The awareness of the harmful effects of tobacco smoking on
many organs and tissues in the body has gradually increased
in the general population and bans on smoking in public
places are becoming more and more common in many
countries. In dentistry the harmfulness of smoking, surpris-
ingly, has gained only limited concern. In spite of the fact that
there is substantial knowledge to verify the effects of smoking
on oral tissues, dental care in general has devoted very little
time and effort to the information about these untoward
effects. One reason for this negligence may be that the effects
of smoking on oral and, in particular, periodontal health are
insufficiently appreciated or underestimated.

Although the first reports on smoking and its potential
effects on periodontal health emanate from the early 1950s, a
more thorough understanding or acceptance of smoking as a
periodontal health risk began with the appearance of 3
independent publications in 1983.1-3 Since then, a gradually
increasing interest in the relationship between smoking and
the periodontal health condition has emerged. Over the past
10 to 15 years smoking has gained scientific acceptance as an
important risk factor for destructive periodontal disease. In
addition, the potential interference of smoking with the
outcome of various periodontal therapies has been addressed
in a number of investigations. The objective of the present
systematic review, therefore, is to give a critical appraisal of
the available literature on the subject to establish an evidence
base regarding (1) the relationship between smoking and the
periodontal health condition and (2) the influence of smoking
on periodontal therapy outcome.

METHOD

A search in medical databases using MeSH terms related to
Bsmoking[ and BperiodontalI[ resulted in approximately
1050 hits. A further selection including clinical and epidemi-
ological studies in humans alone resulted in a retrieval of 577
titles. A narrowing to include studies that only used measures
of the periodontal destruction such as pocket probing depth,
attachment level (or attachment loss), bone height (or bone
loss), and tooth frequency further reduced the number of
titles. Thus, studies that have used descriptors of inflamma-

tory change alone such as gingival bleeding or gingival index
were excluded. In addition, reviews, nonoriginal research
articles, and opinionated statements have been excluded. In
the final analysis, 129 titles including 105 titles referring to
population observational studies and 24 titles referring to
periodontal therapy intervention studies have been evaluated.

RESULTS

Population Studies
Overall, the population studies that have addressed the
relationship between smoking and periodontitis include 70
cross-sectional,1-70 14 case-control,71-85 and 21 cohort86-107

studies. The measures of the periodontal condition that are
used as effect measures or endpoints in the population studies
are periodontal pocket depth (PPD), clinical attachment level
(or loss, CAL), periodontal bone level (or loss, PBL), and
number of retained (or lost) teeth. Frequently more than one
of these endpoints are used. A majority of population studies
is based on 200 or more individuals.

1. Cross-sectional studies The most common type of
population study is the cross-sectional study. Almost 70%
of the population studies belong to this category representing
19 different nations The number of participants in the
cross-sectional studies varies from 82 to 12,329, with an
average of 1692 individuals per study. More than 80% of
cross-sectional studies are based on 200 or more individuals
(Table 1). Altogether, the cross-sectional studies cover a total
of 79,444 individuals. Most cross-sectional studies concern a
broad age range, and approximately 90% of the studies cover
the ages 20 to 70 years or 40 years and above (Table 2). In
56% of the cross-sectional studies endpoint is used and in
34% 2 endpoints are used (Table 3). The most frequently
applied endpoints are PPD, used in 53% of studies, and
CAL, used in 50% of studies (Table 4).

Irrespective of endpoint, all cross-sectional studies demon-
strate a statistically significant association between smoking
and an impaired periodontal health condition suggesting that
on the average smokers exhibit greater periodontal morbidity
than nonsmokers. Statistical significance testing is presented
in all studies, and P values range from less than .001 to less
than .05. A summary of the results appears in Table 5. In
97% of 37 studies using PPD as the only or one of several
endpoints, a significant association with smoking is demon-
strated. Similarly, all 35 studies that use CAL, all 16 studies
that use PBL, and 95% of 19 studies that use number of teeth
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Table 1. Distribution of population studies by study type and sample size

Sample
Size

Study Type

Cross Case-Control Cohort Total

n % n % n % n %

G 200 11 16 8 57 7 33 26 25
200Y1000 34 48 4 29 14 67 52 49
91000 25 36 2 14 0 0 27 26
Total 70 100 14 100 21 100 105 100

Table 2. Distribution of population studies by study type and age interval covered in sample

Age
Interval,
y

Study Type

Cross Case-Control Cohort Total

n % n % n % n %

20Y100 46 68 10 72 13 65 69 68
40Y100 14 20 2 14 6 30 22 21
G40 8 12 2 14 1 5 11 11
Total 68 100 14 100 20 100 102 100

Table 3. Distribution of population studies by study type and number of endpoints

Number
of
Endpoints

Study Type

Cross Case-Control Cohort Total

n % n % n % n %

1 39 56 5 36 15 71 59 56
2 24 34 7 50 4 19 35 33
92 7 10 2 14 2 10 11 11
Total 70 100 14 100 21 100 105 100

Table 4. Distribution of population studies by study type and endpoint

Endpoint

Study Type

Cross Case-Control Cohort Total

n % n % n % n %

PPD 37 53 8 57 5 24 50 48
CAL 35 50 4 29 8 38 47 45
PBL 16 23 6 43 11 52 33 31
TEETH 19 27 3 21 5 24 27 26
PPD = periodontal pocket depth; CAL = clinical attachment level (loss); PBL = periodontal bone level (loss); TEETH = number of retained (or lost)
teeth.
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as the only or one of several endpoints indicate the same. In
the 24 cross-sectional studies where 2 endpoints concurrently
are used 23 (96%) suggest an association with either
endpoint. Details are found in Table 6.

2. Case-control studies A total of 14 case-control studies
emanating from 8 nations are included in the present
analysis. The study base of the case-control studies ranges
from 42 to 2612 individuals with an average of 482
individuals per study. Most case-control studies are based
on fewer than 200 participants (Table 1). Altogether, 6744
individuals are covered. The age range is usually broad
(Table 2). Two or more endpoints are frequently used in
case-control studies. The most common endpoint single or in
combination with others is PPD, applied in approximately
57% of studies (Tables 3 and 4).

All case-control studies irrespective of endpoint suggest
that smoking is more common among cases than among
controls, or that, among cases, smokers display more severe
signs or symptoms than nonsmokers (Table 5). Statistical
significance levels as reported in the studies range from P is
less than .001 to P is less than .05. In 6 case-control studies
where 2 endpoints are concurrently used both endpoints

agree on the association between smoking and an impaired
periodontal health condition (Table 6).

3. Cohort studies The 21 cohort studies analyzed are based
on population samples from 6 nations ranging in size from 59
to 980 participants. Altogether, the cohort studies include a
total of 7321 individuals with an average of 349 individuals
per study. The follow-up length of the cohort studies varies
from 1 to 28 years, the average length being 9.8 years. The
typical cohort study concerns 200 to 1000 participants of a
broad age range and uses a single endpoint (Tables 1 to 3).
The most frequently applied endpoint is PBL (Table 4).

It appears that 95% of the 21 cohort studies provide
evidence of an association between smoking and disease
onset or progression, thus suggesting that the deterioration of
the periodontal health condition over time is greater in
smokers than nonsmokers (Table 5). Significance testing is
reported in all studies, presenting statistical probabilities
ranging from P is less than .001 to P is less than .08. In 3 of
the 4 cohort studies where 2 endpoints are concurrently
used, the association is valid with either endpoint (Table 6).

One study deviates from the general trend and suggests no
difference between smokers and nonsmokers.106 This study
concerns an Australian population including 342 individuals

Table 5. Smoking and periodontal health condition in population studies. Number (N) and percentage (%) of studies
indicating association of smoking with impaired condition by study type and endpoint

Endpoint

Study Type

Cross Case-Control Cohort Total

n % n % n % n %

PPD 36 97 8 100 4 100 48 96
CAL 35 100 4 100 7 88 46 98
PBL 16 100 6 100 11 100 33 100
TEETH 18 95 3 100 4 80 25 93
PPD = periodontal pocket depth; CAL = clinical attachment level (loss); PBL = periodontal bone level (loss); TEETH = number of retained (or lost)
teeth.

Table 6. Association between smoking and periodontal health condition in population studies with 2 endpoints.
Frequency of studies showing agreement or disagreement by study type and endpoint combination

Endpoint
Combination

Study Type

Cross Case-Control Cohort Total

Agree Disagree Agree Disagree Agree Disagree Agree Disagree

PD+CAL 11 1 2 0 0 0 13 1
PD+PBL 6 0 2 0 1 0 9 0
PD+TEETH 2 0 0 0 0 0 2 0
CAL+PBL 1 0 1 0 1 0 3 0
CAL+TEETH 2 0 0 0 0 0 2 0
PBL+TEETH 1 0 1 0 1 1 3 1
Total 23 1 6 0 3 1 32 2
PPD = periodontal pocket depth; CAL = clinical attachment level (loss); PBL = periodontal bone level (loss); TEETH = number of retained (or lost)
teeth.
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60 years of age and older at baseline and followed-up after 5
years using CAL as the endpoint. It is reported that losses to
follow-up were considerable (almost 60%) in this study,
which might explain the lack of agreement with the results of
other studies.

COMMENTS AND EVIDENCE
INTERPRETATION OF POPULATION
STUDIES

More than 100 studies including about 90,000 individuals
distributed among cross-sectional and case-control as well as
cohort studies were included in the present appraisal.
Altogether, the analysis shows an overwhelming consistency
among study results indicating that the periodontal health
condition of smokers is significantly inferior to that of
nonsmokers. As the studies were based on data collected in
populations from a great number of nations throughout the
worldVdeveloped as well as developingVit seems justified
to conclude that a harmful influence of smoking on
periodontal health is applicable worldwide.

As expected, the cross-sectional study was the predominat-
ing study type, representing together with case-control
studies 80% of all studies and over 90% of individuals
examined. Although the evidence based on these 2 types of
study may be considered weaker than that found from
cohort studies, the consistent and unambiguous results
obviously offer a stable basis for the argument that there is
a strong association between smoking and periodontal health
impairment. Cohort studies representing about 20% of the
studies analyzed still constituted a sufficiently large number
to contribute important information. As cohort studies are
dynamic in the sense that changes over time can be detected
and possibly linked to the factor under scrutiny they may
reveal a cause-effect relation. The results of the cohort studies
were consistent, the vast majority indicating that the
periodontal health condition of smokers deteriorated over
time in contrast to that of nonsmokers, or that the
deterioration observed in smokers was greater than that in
nonsmokers. Thus, the results of the cohort studies
strengthen the reliability of the above argument based on
static studies suggesting that smoking is the responsible or
causal part of the association. One well-known problem with
cohort studies is the sample attrition over time. This problem
may be particularly cumbersome when studying smoking, a
factor known to reduce life expectancy. This fact will
inevitably lead to a greater reduction of smoker participation
than of nonsmoker participation over time. This problem is
certainly relevant to the cohort studies reviewed. Attrition
rates, unfortunately, are seldom reported and, in particular,
not for smokers and nonsmokers, separately. In addition,
subjects who become edentulous over time are excluded in
many studies. As a consequence, several cohort studies most
likely underestimate the real effects of smoking.

Several measures are used as endpoints in the population
studies, most commonly PPD and CAL, and, less frequently,

PBL and tooth frequency. With the exception of the last one,
these measures are based on anatomic features and
commonly used as diagnostic signs in clinical periodontolo-
gy. It may be argued whether or not measures of probing
depth, attachment level, and bone level should be considered
surrogate or true endpoints. They all, however, estimate the
degree of periodontal destruction and, therefore, are
measures of periodontal morbidity. Further, as these
measures are normally found from a large number of single
measurements in the individual, they must be considered to
provide robust and reliable data. In many studies more than
one of these measures were used as endpoints. As might be
expected, since they are heavily correlated, concurrently
applied endpoints most of the time agreed on the same result,
which strengthens the overall consistency of the results.

On the basis of the present analysis that

100% of 70 cross-sectional studies and 100% of 14 case-
control studies indicate an association between smok-
ing and an impaired periodontal health condition, and

95% of 21 cohort studies indicate a greater periodontal
health impairment rate in smokers than in nonsmokers,

it is concluded that there is strong evidence to suggest that
smoking negatively interferes with a healthy periodontal
condition. Thus, there is good evidence to recommend that
smoking be specifically considered in a periodontal health
examination (Recommendation grade A).

Intervention Studies
Publications regarding 2 types of periodontal therapy
intervention study, nonsurgical therapy or the scaling and
root planing procedure studies,20,108-119 and surgical therapy
studies,91,108-110,120-129 sometimes including regenerative
procedures such as guided tissue regeneration, are included
in the present compilation. Both nonsurgical and surgical
therapy intervention studies are based on comparably small
sample sizes. The most common endpoints in these studies
are PPD and CAL.

1. Nonsurgical therapy intervention studies The potential
effect of smoking on the outcome of nonsurgical therapy
intervention is addressed in 10 publications representing 4
nations. The studies include a minimum of 28 and a
maximum of 398 cases with an average of 129 cases per
study. Altogether, the nonsurgical therapy studies encompass
a total of 1417 treated cases followed-up for an average length
of 4.7 months. The mean age range of cases in the 8 studies
that present age range data is 33.0 years with a mean
minimum age of 31.1 years and a mean maximum age of 64.1
years. Two endpoints are used in 60% of the nonsurgical
therapy intervention studies, the most frequently used
endpoint being PPD (Tables 7 and 8).

Overall, 9 of the 10 nonsurgical therapy intervention
studies (91%) report a significantly inferior outcome in
smokers compared with nonsmokers. Outcomes by endpoint
are presented in detail in Table 9. In 6 studies where 2 or
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Table 7. Distribution of intervention studies by study category and endpoint applied

Endpoint

Study Category

Nonsurgical Surgical Total

n % n % n %

PPD 10 91 8 57 18 72
CAL 5 45 4 28 9 36
PBL 0 0 4 28 4 17
TEETH 1 10 1 7 2 8
PPD = periodontal pocket depth; CAL = clinical attachment level (loss); PBL = periodontal bone level (loss); TEETH = number of retained (or lost)
teeth.

Table 8. Distribution of intervention studies by intervention category and number of endpoints

Number
of
Endpoints

Study Category

Nonsurgical Surgical Total

n % n % n %

1 4 40 7 50 11 46
2 6 60 5 36 11 46
92 0 0 2 14 2 8
Total 10 100 14 100 24 100

Table 9. Smoking and periodontal therapy outcomes in intervention studies. Number (N) and percentage (%) of studies
indicating association between smoking and inferior therapy outcome by study category and endpoint

Endpoint

Study Category

Nonsurgical Surgical Total

n % n % n %

PPD 9 90 5 62 14 78
CAL 4 80 8 100 7 88
PBL 0 0 4 100 4 100
TEETH 0 0 1 100 1 50
PPD = periodontal pocket depth; CAL = clinical attachment level (loss); PBL = periodontal bone level (loss); TEETH = number of retained (or lost)
teeth.

Table 10. Association between smoking and periodontal therapy outcomes in intervention studies with 2 endpoints.
Frequency of studies showing agreement or disagreement on outcome by study category and endpoint combination

Endpoint
Combination

Study Category

Nonsurgical Surgical Total

Agree Disagree Agree Disagree Agree Disagree

PPD+CAL 4 1 3 1 7 2
PPD+PBL 0 0 0 1 0 1
PPD+TEETH 0 1 0 0 0 1
Total 4 2 3 2 7 4
PPD = periodontal pocket depth; CAL = clinical attachment level (loss); PBL = periodontal bone level (loss); TEETH = number of retained (or lost)
teeth.

JOURNAL OF EVIDENCE-BASED DENTAL PRACTICE

Volume 6, Number 1 37Bergström



more endpoints are applied, there is agreement between any
2 endpoints in 4 instances (Table 10). Significance testing is
reported in all studies and statistical probabilities as presented
range from P is less than .001 to P is less than .05. The one
study where the significance level is not met reports a trend
toward an inferior outcome in smokers.114

2. Surgical therapy intervention studies Publications reporting
on the potential effect of smoking on the outcome of
periodontal surgical therapy intervention include 14 studies
representing 8 nations. The studies cover a minimum of 14
and a maximum of 100 cases with an average of 45 cases per
study. The mean age range in the 10 studies that present age
range data is 38.6 years with a mean minimum age of 28.3
years and a mean maximum age of 66.9 years. The length of
follow-up varies from 6 to 120 months. A majority of the
studies reports a follow-up length between 6 and 12 months.
In all, 629 cases have been followed-up for an average of 40.7
months. PPD is the most frequently used endpoint and 50%
of the studies use one endpoint (Tables 7 and 8).

All surgical therapy intervention studies but one (93%)
indicate an inferior outcome in smokers compared with
nonsmokers. Details of study outcomes with regard to
endpoint used are found in Table 9. Significance levels vary
between P is less than .001 and P is less than .05. In 5 studies
where 2 endpoints are used, outcomes agreement between
any 2 endpoints is reported in 3 instances (Table 10). The
one study that suggests no different outcomes in smokers and
nonsmokers is a 10-year follow-up of 9 smokers and 11
nonsmokers. It is reported in the study that the outcome was
inferior in the smokers although the difference was not
statistically significant.

COMMENTS AND EVIDENCE
INTERPRETATION OF INTERVENTION
STUDIES

Overall, the results of the intervention studies suggest an
inferior therapeutic outcome in smoker patients compared to
nonsmoker patients. In 80% of studies the results were
statistically significant. The rationale for nonsurgical therapy
is to bring about resolution of inflammation by means of
eliminating subgingival microbial deposits. When measured
in terms of mean PPD reduction or mean CAL gain after a
maximum of 9 months, the outcome on the average is less
efficient in smokers than in nonsmokers. From a patient
perspective, however, the important question is: BWhat is the
risk for a nonsuccessful outcome?[ None of the nonsurgical
studies has evaluated the effect of smoking in terms of a
successful versus a nonsuccessful outcome following pre-
determined criteria. Another important question is whether
or not a negative short-term effect of smoking observed in
terms of PPD or CAL holds true in the long run in terms of
tooth loss, a more tangible outcome measure from a patient
perspective. This is, unfortunately, still not known since all
nonsurgical therapy intervention studies have too short a
follow-up length for the determination of an effect on tooth

loss. The long-term effects of smoking on nonsurgical
therapy outcome in terms of tooth loss need to be further
addressed in future studies.

Surgical therapy aims at the elimination of periodontal
pockets and creating an opportunity for tissue regeneration.
Several intervention studies included in the present appraisal
have applied regenerative techniques such as GTR mem-
branes and/or allografts.120-122,124,126-129 In spite of their
diversity regarding surgical modality, endpoint selection and
follow-up length, the surgical therapy intervention studies
consistently point to an inferior outcome in smokers
compared with nonsmokers. As with nonsurgical studies,
most of the surgical studies use average changes in PPD, CAL,
and/or PBL as the endpoint(s) of choice. Studies where the
outcome is evaluated on the basis of criteria for success or
failure, unfortunately, are few and use widely different
criteria.109,120,126,127 Furthermore, only one of these studies
evaluates the outcome after more than 1 year.109 There is a
need for extended surgical as well as nonsurgical therapy
intervention studies for a better understanding of the
long-term effects of smoking on tooth survival.

On the basis of the present analysis that

91% of 10 nonsurgical and 93% of 14 surgical therapy
intervention studies indicate an untoward effect of
smoking on the therapeutic outcome,

it is concluded that there is limited but consistent evidence to
suggest that smoking negatively interferes with the therapy
outcomes of nonsurgical as well as surgical interventions.
Thus, there is fair evidence to recommend that smoking be
specifically considered in a periodontal therapy intervention
(Recommendation grade B-C).
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