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The aim of this study was to determine whether there is an association between self-reporting of
periodontal diseases and outcome in a clinical examination, and whether any difference is present in
awareness of periodontal status between smokers and non-smokers. Participants comprised 1676 adults
(838 M and 838 I aged between 31 and 40 years), 564 of whom reported being smokers. Subjects were
asked via questionnaire whether they thought they had periodontal disease and why. A total of 1655
subjects answered the questionnaire and were subsequently divided into those who suspected having
periodontal disease (Yes-group) and those who did not (No-group). A full-mouth clinical examination was
carried out in all subjects. Female smokers in the Yes-group had a significantly higher number of teeth with
pockets >5 mm (P < 0.001) and a higher calculus index (CI-S, P < 0.01) than female smokers in the No-
group. Male smokers in the Yes-group had significantly less remaining teeth (< 0.01), more teeth with
pockets >5 mm (P<0.001), and a higher CI-S (P <0.05) than their counterparts in the No-group. For
smokers, multivariate logistic regression analysis yielded an odds ratio (OR 3.21 [95% CI 1.73-5.74]) of
self-reported periodontal disease to periodontitis outcome which was significant (P<0.001). This
association remained significant (P < 0.01) after adjustment for confounding factors. Subjects who reported
having periodontal disease, especially those who also reported having movable teeth, were confirmed to
have the disease. Smokers were more aware of their periodontal status than non-smokers. [ Clinical
outcome; pertodontitis; questionnaire; self-report; smoking
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Self-reported oral health questionnaires are used widely
in epidemiological oral health investigations because they
are time- and cost-effective and provide detailed
information on subjects in a single health examination
(1-9). The validity and reliability of these questionnaires
are crucial if the self-assessed data on oral health and
disease is to be useful (1,2,10,11). Ho et al. (12)
concluded that although information provided by the
subject may not be as accurate as laboratory testing when
screening general and oral health of populations, it is
nevertheless a valuable source of data that can be utilized
cost-effectively in research studies. Self-reporting can even
be used for educational purposes. In a study among
adolescents, Kallio et al. (3) demonstrated that gingival
health can be improved by using questionnaires as an
educative tool.

Questionnaire data on the number of teeth and
removable dentures are generally in fairly good agreement
with clinical examinations (2-5). However, Palmqvist et al.
(13) found that self-reporting is reliable for dentures but
not for number of teeth. In a meta-analysis, Patric et al.
(14) concluded that self-reports of smoking are accurate in
most studies. Tobacco smoking is a well-established risk
factor for periodontal disease (15-18). Compared with
non-smokers, smokers have a higher prevalence of peri-
odontitis (17), an increased rate of disease progression, and
less response to periodontal treatment (16, 19-24).
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Further, smokers are more susceptible to aggressive forms
of periodontitis (20). Smokers have been shown to exhibit
less inflammatory response and bleeding on probing than
non-smokers at similar plaque levels (19, 23). Moreover,
the effects of smoking on periodontal tissues depend on the
daily dose and duration of tobacco smoking (25, 26). The
impact of smoking on periodontal tissues seems to be more
pronounced in men than in women (27).

Questions about gingival bleeding have been included
in several epidemiological studies. Ankkuriniemi and
Ainamo (6) and Buhlin et al. (28) have shown that self-
reported gingival bleeding is correlated with gingival
bleeding at clinical examination. Kallio et al. (3) concluded
that self-reporting was a useful tool in screening the
gingival health of populations but not individuals. A recent
study has shown that a periodontal questionnaire is a
valuable instrument in epidemiological studies of peri-
odontal health, although it is less reliable for specific
periodontal variables such as tooth movability (28).

While few studies have compared self-reported ques-
tionnaires and periodontal status, those available show
good overall agreement (9, 11, 28,29). The aim of this
study was to further clarify the association between self-
reporting of periodontal disease and outcome in a clinical
examination and determine whether any difference is
present in awareness of periodontal status between
smokers and non-smokers.
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Subjects and methods

The subjects consisted of 1676 adults (838 F, and 838 M),
aged 31-40 years, who came to the clinical examination
from a randomly selected epidemiological sample in the
Stockholm region. They were contained within a registry
file of all inhabitants of the Stockholm area born on the
20th of any month between 1945 and 1954 (n = 3173) (21).

The response rate was 52.4%. A clinical examination
was performed in 1985-1986. The drop-out control
sample consisted of 100 randomly selected subjects (55 F
and 45 M) from the non-respondents. In the waiting room,
before clinical examination, participants were asked on a
questionnaire about their smoking habits and whether they
thought that they had a periodontal disease (yes [Yes-
group] or no [No-group]). The complementary question
‘Why do you think you have a periodontal disease?’ was
answered if the participants thought they had a peri-
odontal disease. A full-mouth clinical examination was
performed by 6 periodontists. Examiners received 6
training sessions to ensure consistent registration of the
parameters being investigated (30). The clinical examina-
tion comprised determination of the number of remaining
teeth (excluding 3rd molars), presence of plaque (PLI) (31),
calculus by simplified calculus index (S-CI) (32), and
registration of gingival inflammation (GI) (33). The
number of teeth with a probing pocket depth >5 mm
was recorded. Pocket depth was measured with a Hu-
Friedy probe (Hu-Friedy PCPUNC 15, Chicago, I1., USA)
and was registered to the nearest millimeter at 6 sites per
tooth. Periodontitis was defined as 3 or more teeth,
excluding 3rd molars, with pockets >5 mm probing depth.

Statistical methods

Analysis of variance (ANOVA) and logistic multivariate
regression analysis were used. Differences between data
sets with a probability of less than 0.05 were regarded as
significant. All data analysis was performed using the Stat
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View™ 4.5 statistical package (34), and the diagnostic
accuracy of self-reported periodontitis was expressed by
the area under the receiver operating characteristics curve

(ROC analysis) using SPSS 9.0 software (35).

Results

Of the 1676 subjects who came to the clinical examina-
tion, 162 had clinical manifestations of periodontitis
(9.7%) according to our diagnostic criteria for periodontal
disease. No significant differences were found between
subjects and dropout controls regarding the presence of
periodontal pockets, smoking habits, or the interval
between dental visits. Mean age for responders was 35.7
(s £ 2.9) years. The questionnaire was completed by 1655
subjects (827 F and 828 M) (98%). Of these, 72.0% had
visited their dentist at least once a year, 16.6% every
second year, and the remaining 11.4% had not visited a
dentist during the previous 3 years. The 200 subjects (102
F and 98 M) who reported having a periodontal disease
comprised the Yes-group. The 1437 (719 F and 718 M)
who reported not having a periodontal disease formed the
No-group. Eighteen subjects answered ‘I don’t know’.
Clinical criteria for periodontal disease were fulfilled for 50
subjects (25.0%) in the Yes-group and 91 subjects (6.3%)
in the No-group. A significant difference was found
between the groups (P<0.001). In addition, 104 subjects
answered the complementary question ‘Why do you think
you have a periodontal disease?” The response ‘Informed
by the dentist or dental hygienist’ is excluded from the
main analysis and is analyzed separately. In all, 33 subjects
reported having been informed of their periodontitic status
by their dentist or dental hygienist, and, of these, 20 did
not fulfill our criteria for periodontitis. Subjects who
reported having gingival bleeding had periodontal disease
in 20% of cases. Moreover, 60% of those who said they
had movable teeth were found to have periodontal disease.
The outcome of clinical examinations for the Yes- and No-
groups is presented in Tables 1, 2, and 3 for non-smokers,

Table 1. Mean and 95% confidence interval (CI) of plaque index percentage (% PLI), gingival index percentage (% GI), calculus index (CI-S),
number of teeth present, and number of teeth with pockets >5 mm (PD >5 mm) for non-smokers; females and males divided into Yes- and

No-groups
Yes-group No-group

Female Male Female Male

n=25 n=24 n=272 n =282
Parameters Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI
% PLI <1 87.3 81.6-93.0 85.4 76.1-94.8 91.6 89.7-93.5 86.9 84.3-89.5
% PLI >2 12.7 7.0-18.4 14.6 5.2-23.9 8.4 6.5-10.3 13.1 10.5-15.7
% GI <1 65.9*% 52.2-79.7 54.1 37.3-70.8 79.7 76.5-83.0 68.7 65.1-72.3
% GI >2 34.1* 20.3-47.8 45.7* 29.2-62.7 20.3 17.0-23.5 31.3 27.7-34.9
CI-S 0.3 0.2-0.5 0.7* 0.3-1.0 0.3 0.2-0.3 0.4 0.53-0.4
No. of teeth present 26.7 25.9-27.5 26.5 25.6—27.5 26.8 26.6-27.1 27.0 26.8-27.3
No. of teeth (PD >5 mm) 0.6 0.0-1.1 1.3* 0.0-3.0 0.2 0.1-0.4 0.4 0.2-0.5

Significant difference between groups of the same gender * P < 0.05.
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Table 2. Mean and 95% confidence interval (CI) of plaque index percentage (% PLI), gingival index percentage (% GI), calculus index (CI-S),
number of teeth present, and number of teeth with pockets >5 mm (PD >5 mm) for ex-smokers; females and males divided into Yes- and No-

groups
Yes-group No-group

Female Male Female Male

n=20 n=20 n=187 n=186
Parameters Mean 95% CI Mean 95% CI Mean 95%CI Mean 95%CI
% PLI <1 88.1 75.4-100.0 77.0 62.7-91.3 90.2 87.5-92.8 84.7 81.4-88.0
% PLI >2 11.9 0.0-24.6 23.0 8.7-37.3 9.8 7.2-12.5 15.3 12.0-18.6
% GI <1 61.5 44.0-79.0 51.6 33.9-69.2 76.8 72.9-80.8 60.7 56.0-65.4
% GI >2 38.5% 21.0-56.0 48.4 30.8-66.1 23.1 19.2-27.1 39.3 34.6-44.0
CI-S 0.5 0.2-0.8 0.9%* 0.5-1.3 0.3 0.3-0.4 0.5 0.4-0.6
No. of teeth present 27.0 26.4-27.7 27.1 26.5-27.7 27.1 26.9-27.3 27.0 26.7-27.3
No. of teeth (PD >5 mm) 1.7%* 0.0-3.7 1.6 0.1-3.2 0.4 0.2-0.6 0.9 0.6-1.3

Significant difference between groups of the same gender * P < 0.05,** P<0.01.

ex-smokers, and smokers, respectively. Non-smoker
females in the Yes-group had a significantly higher
percentage of GI >2 than non-smoker females in the
No-group (P < 0.05) (Table 1). Non-smoker males in the
Yes-group also had a significantly higher percentage of GI
>2 as well as a higher CI-S and more teeth with pockets
>5 mm (P < 0.05) than their peers in the No-group (Table
1). Ex-smoker females in the Yes-group had a significantly
higher percentage of GI >2 (P<0.05) and a larger
number of teeth with pockets >5 mm (P < 0.01) than ex-
smoker females in the No-group (Table 2). Ex-smoker
males in the Yes-group had a significantly higher CI-S
than males in the No-group (P < 0.01). Female smokers in
the Yes-group had a significantly higher CI-S (P < 0.01)
and more teeth with pockets >5 mm (P < 0.001) than their
counterparts in the No-group (Table 3). Male smokers in
the Yes-group had a significantly higher CI-S (< 0.05),
less remaining teeth (P<0.01), and more teeth with
pockets >5 mm (P < 0.001) than male smokers in the No-
group (Table 3). For smokers, multivariate logistic

regression analysis yielded an odds ratio (OR 3.21 [95%
CI 1.73-5.74]) of self-reported periodontal disease to
periodontitis outcome which was significant (P < 0.001).
This association remained significant (P<0.01) after
adjustment for the confounding factors of gender, age,
and dental visits (Table 4). The diagnostic accuracy was
also tested by ROC analysis of clinical parameters
gingivitis, calculus, number of teeth with pockets
>5 mm, and plaque index for never-smokers (Table 5).

Discussion

The sample was considered to present the entire popula-
tion of individuals born in 1945-1954 in the Stockholm
area. Here periodontitis was defined as 3 or more teeth,
excluding 3rd molars, with pockets >5 mm. Periodontal
disease can also be defined by other parameters, including
attachment level, radiographic bone level, other probing
depth levels and various pocket frequency cut-off points.

Table 3. Mean and 95% confidence interval (CI) of plaque index percentage (% PLI), gingival index percentage (% GI), calculus index (CI-S),
number of teeth present, and number of teeth with pockets >5 mm (PD >5 mm) for smokers; females and males divided into Yes- and No-

groups
Yes-group No-group

Female Male Female Male

n=36 n=33 n=253 n =242
Parameters Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI
% PLI <1 85.6 78.0-93.1 82.8 74.6-91.1 86.6 84.4-88.9 80.4 77.3-83.5
% PLI >2 14.4 6.9-22.0 17.2 8.9-25.4 13.4 11.2-15.6 19.6 16.5-22.7
% GI <1 51.0 38.4-63.5 35.8 23.0-48.5 66.1 62.0-70.2 51.9 47.2-56.6
% GI >2 49.0 36.5-61.6 64.2 51.5-77.0 33.9 29.8-38.0 48.1 43.4-52.8
CI-S 0.7%* 0.5-1.0 0.9* 0.6-1.1 0.5 0.4-0.5 0.6 0.5-0.7
No. of teeth present 26.6 26.0-27.2 24 .9%* 22.9-26.3 26.7 26.5-26.9 26.5 26.2-26.9
No. of teeth (PD >5 mm) 2.6%#* 0.9-4.3 2. gtk 1.4-4.5 0.9 0.6-1.2 1.0 0.6-1.3

Significant difference between groups of the same gender * P < 0.05, ** P< (.01, ** P<0.001.
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Table 4. Multivariate logistic regression analysis of self-awareness of periodontal disease with number of teeth with PD >5 mm as a dependent

variable
Odds ratio Odds ratio
Variable Unadjusted P 95% CI Adjusted” P 95% CI
Nonsmoker, n =49 2.35 N.s.P 0.66-8.42 2.90 N.S. 0.78-11.12
Ex-smoker, n =43 2.43 N.S. 0.99-5.96 2.08 <0.001 0.74-5.87
Smoker, n =75 3.21 <0.001 1.73-5.74 3.10 <0.01 1.57-6.09

J0dds ratios adjusted for gender, age, and regular dental visits.
N.S. = not significant.

How periodontal disease is defined has an impact on
disease prevalence (36). The complementary question
confirmed that most subjects in the Yes-group reported
having periodontitis because of bleeding gums when the
answer ‘Informed by dentist or dental hygienist’ was
excluded. Smoking habits had an impact on results. Both
non-smoking females and males in the Yes-group had a
significantly higher percentage of GI >2 than non-
smoking individuals in the No-group. However, non-
smokers in the Yes-group did not have periodontitis
according to the periodontitis criteria applied (Table 1).
Between smokers in the Yes- and No-groups, no
difference was seen in GI, while a significant difference
was observed in the number of teeth with pockets >5 mm
(Table 3). No clinical differences in GI >2 were present in
smokers of the Yes- and No-groups; however, in both
groups, a high percentage of GI >2 was observed, which
seems to be smoking-dependent. In addition, some
differences in results between the Yes- and No-groups
for male and female smokers were found. Male smokers in
the Yes-group compared with male smokers in the No-
group had significantly less teeth. No such difference was
present among female smokers (Table 3). This difference
can be explained by the effect of tobacco on periodontal
tissues being more pronounced in males than in females
(27). Both female and male smokers had significantly more
periodontal pockets >5 mm in the Yes-group than in the
No-group (Table 3). Laurell et al. (37) found that smokers
have a higher incidence of bone loss in upper and lower
incisors, making it easier for smokers to self-assess
periodontal diseases. This may be one of the reasons

Table 5. Prognostic analysis of clinical data results for nonsmokers
who answered yes to the question “Do you think you have
periodontitis?”

AUROC (Prognostic accuracy)

Gingivitis 0.62
Calculus 0.63
No. of teeth 0.62
with PD >5 mm

Plaque Index 0.56

Near 0 or 1: Good accuracy.
Near 0.5: Random accuracy.

why smokers were more aware of their periodontal disease.
One of the most common answers to the complementary
question in our study was ‘hereditary periodontitis’.
Background determinants associated with periodontal
diseases, including hereditary factors, have been discussed
elsewhere (38). Evidence suggests that there is a significant
genetic component to susceptibility and resistance to
chronic periodontal disease (39). According to McGuire
and Nunn (40), a positive IL-1 genotype increases risk of
tooth loss 2.7-fold, in comparison with heavy smoking,
which increases this risk 2.9-fold. In our study, smokers
who reported having periodontitis had a 3.1-fold risk of
periodontal disease even after adjustment for confounding
factors (Table 4).

The results of this investigation will form the basis for
recall of patients for a 10-year follow-up protocol.

It was concluded that subjects who reported having
periodontal disease, especially those also reporting having
movable teeth, were confirmed to have the disease.
Smokers were more aware of their periodontal status than
non-smokers.
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