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ABSTRACT
Objective: To investigate whether self-reported smoking and serum cotinine levels associate with peri-
odontal pocket development and to determine the accuracy of self-reported smoking using
serum cotinine.
Materials and methods: This 4-year prospective cohort study included data from 294 dentate adults,
aged �30 years, who participated in both the Health 2000 Survey and the Follow-up Study of Finnish
Adults’ Oral Health. Subjectively reported smoking status (daily smokers n¼ 62, occasional smokers
n¼ 12, quitters n¼ 49, and never-smokers n¼ 171), serum cotinine levels, demographic factors, educa-
tion level, dental behaviours and medical history were collected at baseline. The outcome measure
was the number of teeth with periodontal pocketing �4mm over 4 years.
Results: Self-reported daily smokers had 1.82 (95% CI: 1.32–2.50) higher incidence of deepened peri-
odontal pockets than never-smokers. A positive association was observed between serum cotinine
(�42.0lg/L) and the development of periodontal pockets. The misclassification rate of self-reported
smoking was 6%.
Conclusions: Both self-reported daily smoking and higher serum cotinine were associated with peri-
odontal pocket development. Self-reported smoking was fairly accurate in this study. However, higher
cotinine levels among a few self-reported never-smokers indicated misreporting or passive smoking.
Thus, self-reports alone are not enough to assess the smoking-attributable disease burden.
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Introduction

The deleterious effect of smoking on the periodontium has
been investigated in previous epidemiological studies [1–3].
These studies have shown dose-response effect between
daily cigarette consumption and the progression of peri-
odontal disease [3,4]. It has been shown that smoking
reduces beneficial bacteria and increases periodontopatho-
genic bacteria in the subgingival microbiome [5]. The alter-
ation in the virulence of bacteria and host immune response
and facilitation of pathogen-enriched subgingival micro-
biome leads to a more severe periodontal destruction and to
higher prevalence of periodontitis among smokers than non-
smokers [6].

The most common method for the assessment of tobacco
use are self-reports that have been used in a majority of the
previous studies focussing on the association between smok-
ing and periodontal diseases [7–10]. In self-report measures,
the problem is that some people do not disclose their

smoking status due to societal and peer pressure while
others find it difficult to remember the number of cigarettes
smoked. This causes social desirability and recall biases, thus
endangering the validity of the study. Also, assessments
using a questionnaire can lead to over- or underestimation
of the amount of smoke inhaled per cigarette [11].

The amount of tobacco products inhaled and absorbed
varies among different individuals. It depends on the nico-
tine intake per cigarette and how the cigarettes are smoked.
Thus, measuring tobacco exposure according to self-reports
is difficult and therefore often imprecise [12,13].

Recent exposure to tobacco smoke can be assessed in a
reliable and quantitative way by using serum cotinine levels.
It is the primary metabolite of nicotine and has been used as
a biomarker for tobacco exposure. It is the preferred bio-
marker over nicotine concentrations for monitoring smoking
behaviour due to its longer half-life (�20 h) compared to
nicotine (�2 h). The serum cotinine concentration relates
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directly to tobacco exposure and its measurement provides
an estimation of passive and active exposure to tobacco
[14–17]. The biochemical verification of self-reported smok-
ing should be considered to assess the disease outcomes
related to smoking and cessation rates [16].

Until today, only very few studies have validated self-
reported smoking status against cotinine levels and studied
the association between cotinine and periodontal health in a
longitudinal setting [18,19]. In this paper, we aimed to study
using a prospective cohort whether self-reported smoking
and serum cotinine levels associate with the development of
periodontal pockets. We also determined the accuracy of
self-reported smoking status by employing serum cotinine
measurements.

Materials and methods

Study design and subjects

In 2000–2001, the National Public Health Institute (KTL,
currently the Finnish Institute for Health and Welfare, THL)
conducted the national Health 2000 Survey. A stratified two-
stage cluster sampling was implemented consisting of a
nationally representative sample of the Finnish population
that includes 8028 participants aged 30 years or above [20].
The clinical oral examinations were attended by 6335 partici-
pants [21]. During 2004–2005, a follow-up study on Finnish
Adults’ Oral Health [22] was conducted with 2,000 randomly

selected participants for clinical oral health examination in
the Health 2000 Survey. Exclusion criteria were edentulous-
ness, death since the first survey, logistic reasons and sam-
pling limit of <15 subjects per health centre district. After
exclusions, the data consisted of 1,248 participants who were
re-invited for oral health examination. Of these, 1,049 partici-
pants turned up for the follow-up examination.

The number of participants who had no periodontal pock-
ets �4mm at baseline was 365; of these, 334 showed up for
the follow-up examination. Based on this, complete data on
the variables selected for analysis was available for 294 par-
ticipants (Figure 1).

Exclusion criteria

Participants who were diabetic, had rheumatoid arthritis, had
teeth with periodontal pockets at baseline and those with
missing data (either Health 2000 Survey or Follow-up study
on Finnish Adults’ Oral Health) were excluded from
the study.

Ethical approval

For the baseline and follow-up study, informed consent from
the study participants and the approval of the Ethical
Committee for Epidemiology and Public Health of the
Hospital District of Helsinki and Uusimaa in Finland was

Figure 1. Flowchart of the study population selection.
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obtained (T2000/version 0.7/21.9.1999/KTL6167 and FSAOH/
479/E3/26.11.2003). Both the studies were conducted in
accordance with the Helsinki Declaration of 1975, as revised
in 2013.

Exposure

Self-reported smoking status
Smoking status was assessed at baseline through home
interviews. The following questions recommended by the
World Health Organization (WHO) were asked: ‘have you
ever smoked?’, ‘have you ever smoked regularly (i.e. daily for
at least 1 year)?’, ‘have you smoked at least 100 times?’ and
‘when did you last smoke?’ The subjects were categorized
into the following groups: daily smokers, occasional smokers,
quitters and never-smokers. Daily smokers were those who
reported smoking at least 100 times in their lifetime with
regularity for at least 1 year and most recently on the day of
the survey or the previous day [23,24]. Occasional smokers
were those who smoked, but not every day. Quitters were
those who did not smoke in the 30 days before the survey.
Never-smokers were those who did not smoke more than
100 cigarettes in their lifetime or did not smoke at all.
Depending on the reported amount of daily smoking by the
participants, four categories were formed: (0 cigarettes per
day, 1–9 cigarettes per day, 10–19 cigarettes per day and
20þ cigarettes per day).

Serum cotinine levels
Cotinine concentrations were determined from serum sam-
ples collected at baseline using liquid-phase radioimmuno-
assay methodology (Nicotine Metabolite DOUBLE ANTIBODY
kit, Diagnostic Products Corporation, Los Angeles, CA,
USA) [25].

Clinical oral examination
In the follow-up study, the clinical oral examination was the
same as at the baseline. During the clinical examinations,
WHO guidelines [26,27] and the methods adopted in stand-
ard clinical practice were followed. A dental chair, saliva suc-
tion, a syringe, a headlamp as a light source, a mouth mirror
and the WHO periodontal probe were part of the standard
dental unit and the examination was carried out by 5 den-
tists [28]. Follow-up oral examinations were performed by
one of the dentists who participated in the baseline oral
examination.

To determine the periodontal status, the depth of peri-
odontal pockets was assessed using the WHO periodontal
probe (Plandent Oyj, no.19577). The depth of periodontal
pockets was measured for all teeth except for the third
molars and residual roots. The examination started from the
‘most posterior tooth in the upper right quadrant to the
most posterior tooth in the lower left quadrant’. The meas-
urement around each tooth was done at four points – ‘distal
angle, midpoint on the buccal side, midpoint on the lingual
side, and mesial angle’. In the baseline Health 2000 Survey,
the kappa values for inter-examiner reliability and intra-

examiner reliability for the periodontal pockets were 0.41
[21] and 0.83 [28], respectively. The outcome was the num-
ber of teeth with a periodontal pocket of � 4mm in the fol-
low-up examination. The intra-examiner reliability of the field
examiner, who performed all the follow-up measurements
and who was one of the baseline examiners, was the follow-
ing: the mean kappa value for the repeated periodontal
pocket measurement of four index teeth (16, 21, 35, 46) was
0.89 and the intraclass correlation coefficient (ICC) for the
number of teeth with deepened (� 4mm) periodontal pock-
ets was 0.97.

Covariates

Covariates included sociodemographic factors, dental behav-
iour inquired during the interview and oral hygiene deter-
mined in clinical examination. Education was categorized
into three groups: basic, secondary, and higher education.
For toothbrushing frequency, the subjects were asked ‘How
often do you brush your teeth?’ and the response options
were: (a) ‘more often than twice a day’, (b) ‘twice a day’, (c)
‘once a day’, (d) ‘less often than once a day’ and (e) ‘never’.
The options were dichotomized into ‘twice a day or more’
versus ‘once a day or less’. For dental attendance pattern,
the subjects had three response options (‘never’, ‘only for
emergencies’, ‘regularly for check-ups’). This variable was
dichotomized into ‘only for emergencies/never’ versus
‘regularly for check-ups’.

Oral hygiene was assessed by measuring the presence of
dental plaque using a modified version of the scale devel-
oped by Silness and L€oe [29]. Dental plaque was visually
assessed on three index teeth using the categories: ‘no pla-
que’, ‘marginal plaque only’ and ‘plaque also elsewhere’. The
highest score indicated the subject’s oral hygiene level.

Statistics

Correlations between self-reported smoking and serum coti-
nine levels were calculated using Spearman’s correlation test
(rs) due to skewed distribution. Negative binomial regression
was used to estimate incidence rate ratios (IRRs). In regres-
sion models, the number of teeth at baseline was used as
the offset variable.

Receiver operating characteristic (ROC) curve analysis and
the corresponding area under the curve (AUC) was used to
calculate the optimal cut-off point for serum cotinine to dis-
criminate between smokers and non-smokers. Youden index
(J), another diagnostic measure to determine the optimal
cut-off point, was also calculated. The optimal cut-off point
of 42.0lg/L was used to separate smokers (daily, occasional)
from non-smokers.

Covariates were added into regression models in a
sequential way: age (continuous) and gender (Model 1B);
age, gender and education (Model 1 C); age, gender, educa-
tion, oral hygiene (plaque) and dental behaviours (tooth-
brushing frequency, dental attendance pattern) (Model 1D).
The same sequence of adjustments was done when model-
ling the association of the amount of daily smoking and
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serum cotinine levels with the number of teeth with deep-
ened periodontal pockets (Models 2 A–2D, 3 A–3D).

Results

Socio-demographic and smoking-related characteristics
of the study participants

The participants who developed periodontal pockets after
4 years were more likely to be males, less educated, daily
smokers and had serum cotinine levels � 42.0 mg/L than
those with no periodontal pocket after 4 years (Table 1). The
participants who smoked daily, who smoked 20þ cigarettes/
day and those who had serum cotinine levels � 42 mg/L
were more often males, less educated, had more dental pla-
que and a less frequent dental attendance pattern than
never-smokers or those who had serum cotinine levels
<42 mg/L, respectively (Table 2).

Incidence of periodontal pocketing during 4-year
follow-up in relation to smoking status and serum
cotinine levels

The unadjusted IRR for daily smokers was 1.82 (95% CI:
1.32–2.50) when compared with the never-smokers (refer-
ence category). After adjustment of all confounding factors,
the IRR for daily smokers was 1.59 (95% CI: 1.12–2.23) in
comparison to never-smokers (Table 3). Practically no ele-
vated risk for periodontal pocket development was observed
among occasional smokers and quitters.

The amount of smoking was found to be associated with
the development of deepened periodontal pockets in an
exposure-dependent manner. The IRRs for the highest cat-
egory (20þ cig/day) varied from 2.03 to 2.41. In a fully
adjusted model, 1–9 cigarettes/day was not associated with
periodontal pocket development (Table 4).

Serum cotinine levels �42.0mg/L were found to be associ-
ated with the number of teeth with deepened periodontal pock-
ets. The association in all models was statistically significant with
a p-value level of .005; the IRRs for those who had serum coti-
nine levels � 42.0mg/L varied between 1.56–1.74 compared to
those with cotinine levels below 42.0mg/L (Table 5).

Accuracy of self-reported smoking status

A strong positive correlation was found between the number
of cigarettes smoked and serum cotinine levels among daily
smokers (rs¼ 0.72, CI: 0.65–0.78) (Figure 2).

The ROC curve and the corresponding higher AUC has
shown the predictive power of serum cotinine to discriminate
smokers (daily, occasional) from non-smokers (AUC ¼ 0.92, CI:
0.88–0.95). The optimal serum cotinine cut-off point was
42.0mg/L with sensitivity of 86% and specificity of 97%
(Figure 3). To ensure the reliability of the cut-off point,
Youden’s Index was also calculated (J¼ 0.82, 95% CI: 0.72–0.89).

Using the cut-off point of 42 mg/L, there were 65 smokers
who had cotinine levels �42lg/L and 211 non-smokers who
had cotinine levels <42lg/L. There were 11 smokers who
had cotinine levels < 42 mg/L and 7 non-smokers who had

Table 1. Baseline characteristics of the study participants by development of periodontal pocket after 4 years (n¼ 294)

Baseline characteristics
No teeth with periodontal pockets of� 4mm after

4 years (n¼ 84)
At least one tooth with periodontal pockets

of� 4mm after 4 years (n¼ 210)

Gender (%)
Men 25 38
Women 75 62

Age
Mean age (SD), years 43.2 (11.3) 45.1 (10.5)

Education level (%)
Basic 18 23
Secondary 32 39
Higher 50 38

Smoking status (%)
Daily Smoker 13 24
Occasional smoker 7 3
Quitter 17 17
Never-smoker 63 56

Amount of daily smoking� (n¼ 238) (%)
0 cigarettes/day 83 71
1–9 cigarettes/day 6 5
10–19 cigarettes/day 9 13
20þ cigarettes/day 2 11

Serum cotinine levels (%)
<42.0 mg/l 83 72
�42.0 mg/l 17 28

Plaque (%)
Not at all 67 51
Marginal 32 41
Elsewhere 1 8

Tooth brushing frequency (%)
Once a day or less 23 36
Twice a day or more 77 64

Dental attendance pattern (%)
Only in emergencies or never 31 37
Regular check-ups 69 63

�Many of the quitters and occasional smokers (n¼ 56) did not respond to question about amount of daily smoking (number of cigarettes/day). Abbreviation:
SD, Standard Deviation.
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Table 2. Baseline characteristics of the study participants according to self-reported smoking status (n¼ 294), amount of daily smoking (n¼ 238) and serum
cotinine levels ((n¼ 294)

Self-reported smoking status (n¼ 294) Amount of daily smoking (n¼ 238)
Serum cotinine
levels (n¼ 294)

Baseline characteristics Daily
smoker
(n¼ 62)

Occasional
smoker
(n¼ 12)

Quitter
(n¼ 49)

Never-
smoker
(n¼ 171)

0 Cigarettes
per day
(n¼ 178)

1–9
Cigarettes
per day
(n¼ 12)

10–19
Cigarettes
per day
(n¼ 28)

20þ
Cigarettes
per day
(n¼ 20)

<42.0 mg/L
(n¼ 222)

�42.0 mg/L
(n¼ 72)

Gender (%)
Male 40 25 57 26 27 25 39 50 33 38
Female 60 75 43 74 73 75 61 50 67 62

Age
Mean age (SD), years 41.1 (7.7) 39.1 (5.0) 47.8 (11) 45.3 (11.4) 45.3 (11.2) 40.5 (8.1) 40.3 (8.1) 41.9 (7.0) 45.7 (11.3) 41.0 (7.6)

Education (%)
Basic 27 8 31 18 17 17 36 25 20 26
Secondary 47 34 41 33 34 42 50 45 36 43
Higher 26 58 28 49 49 42 14 30 45 31

Presence of plaque (%)
No plaque 53 58 55 57 57 50 57 50 56 55
Plaque in gingival
margins only

36 42 37 40 40 50 25 40 40 35

Plaque also elsewhere 11 – 8 3 3 – 18 10 4 10
Toothbrushing

frequency (%)
Once a day or less 27 25 49 30 31 25 29 30 33 31
Twice a day or more 73 75 51 70 69 75 71 70 67 69

Dental Attendance
Pattern (%)
Only for
emergencies/never

42 17 43 32 32 58 36 45 32 44

Regularly for check-ups 58 83 57 68 68 42 64 55 68 56

Abbreviation: SD: standard deviation.

Table 3. Negative binomial regression models for the association between baseline self-reported smoking status and the development of teeth with periodontal
pockets �4mm during the 4-year follow-up�

Smoking status
No teeth with periodontal pocket at baseline (n¼ 294)

IRR 95% CI p–Value

Model 1A Daily smoker 1.82 1.32–2.50 <0.001
Occasional smoker 0.68 0.33–1.37 0.276
Quitter 1.10 0.77–1.57 0.604
Never-smoker (Reference) 1

Model 1B Daily smoker 1.66 1.19–2.30 0.003
Occasional smoker 0.66 0.32–1.34 0.253
Quitter 1.00 0.69–1.45 0.988
Never-smoker (Reference) 1

Model 1C Daily smoker 1.58 1.12–2.21 0.009
Occasional smoker 0.66 0.32–1.35 0.256
Quitter 1.00 0.69–1.45 0.991
Never-smoker (Reference) 1

Model 1D Daily smoker 1.59 1.12–2.23 0.008
Occasional smoker 0.67 0.33–1.37 0.278
Quitter 0.99 0.68–1.44 0.972
Never-smoker (Reference) 1

�Model 1A was unadjusted; Model 1B: adjusted for sex and age (continuous); Model 1C: adjusted for sex, age (continuous) and education; and Model 1D:
adjusted for sex, age; education, tooth brushing frequency, plaque, dental attendance pattern. Abbreviations: IRR, Incidence Rate Ratio; CI, confidence interval.

Table 4. Negative binomial regression models for the association between baseline amount of daily smoking and the development of teeth with periodontal
pockets �4mm during the 4-year follow-up�

No teeth with periodontal pocket at baseline (n¼ 238)

Amount of daily smoking IRR 95% CI p–Value

Model 2A 20þ cigarettes/day 2.41 1.47–3.94 <0.001
10–19 cigarettes/day 1.61 1.04–2.49 0.031
1–9 cigarettes/day 1.05 0.54–2.03 0.879
0 cigarettes/day (Reference) 1

Model 2B 20þ cigarettes/day 2.2 1.33–3.63 0.002
10–19 cigarettes/day 1.49 0.95–2.33 0.083
1–9 cigarettes/day 1.04 0.53–2.03 0.895
0 cigarettes/day (Reference) 1

Model 2C 20þ cigarettes/day 2.02 1.21–3.37 0.006
10–19 cigarettes/day 1.3 0.81–2.09 0.268
1–9 cigarettes/day 1.00 0.51–1.95 0.992
0 cigarettes/day (Reference) 1

Model 2D 20þ cigarettes/day 2.03 1.21–3.39 0.007
10–19 cigarettes/day 1.26 0.78–2.04 0.341
1–9 cigarettes/day 0.96 0.48–1.87 0.900
0 cigarettes/day (Reference) 1

�Model 2A was unadjusted; Model 2B: adjusted for sex and age (continuous); Model 2C: adjusted for sex, age (continuous) and education; and Model 2D:
adjusted for sex, age, education, tooth brushing frequency, plaque, dental attendance pattern. Abbreviations: IRR, Incidence Rate Ratio; CI, confidence interval.
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cotinine levels �42 mg/L. The misclassification rate of
self-reported smoking status was 6% (Supplementary Table
S1). The minimum level for daily smokers was 2 mg/L, while
the maximum for never-smokers was 864 mg/L. The mean val-
ues for quitters and never-smokers were approximately in
the same range (Supplementary Table S2).

Discussion

In this paper, we aimed to study whether self-reported smok-
ing and serum cotinine levels are related to the development
of periodontal pockets and to validate self-reported smoking
status by using serum cotinine levels. This study reveals that
smoking is related to deterioration of periodontal health irre-
spective of whether the measurement of smoking is based
on self-reports or serum cotinine level. These findings are
consistent with those found in previous longitudinal studies
regarding both self-reported smoking [9,30,31] and serum

cotinine levels [32]. The validation of the self-reported smok-
ing is fairly consistent with the associated serum cotinine lev-
els in this study.

Regarding exposure-response, results show that the
higher the cigarette consumption, the higher the incidence
of periodontal disease among the daily smokers. These find-
ings are in agreement with a 10-year [30] and a 4-year long
prospective study [33]. On the other hand, it is demonstrated
that former smokers have practically no increased risk for the
deterioration of periodontal health when compared to never-
smokers. This finding is in accordance with the previous
studies reporting that smoking cessation improves periodon-
tal health [3,4,9,30,31,34].

To date, the most common approach for the assessment
of smoking status is to collect data about smoking habits by
using a questionnaire or by interview. However, self-reported
smoking data may not represent correct smoking status due
to difficulties in recalling or societal or peer pressure. The
change in social norms has made tobacco use less

Table 5. Negative binomial regression models for the association between baseline serum cotinine levels and the development of
teeth with periodontal pockets � 4mm during the 4-year follow-up�

Serum cotinine
levels (mg/L)

No teeth with periodontal pocket at baseline (n¼ 294)

IRR 95% CI p–Value

Model 3A �42.0 1.74 1.29–2.32 <0.001
<42.0 (Reference) 1

Model 3B �42.0 1.64 1.21–2.21 0.001
<42.0 (Reference) 1

Model 3C �42.0 1.56 1.14–2.12 0.005
<42.0 (Reference) 1

Model 3D �42.0 1.56 1.14–2.13 0.005
<42.0 (Reference) 1

�Model 3A was unadjusted; Model 3B: adjusted for sex and age (continuous); Model 3C: adjusted for sex, age (continuous) and educa-
tion; and Model 3D: adjusted for sex, age, education, tooth brushing frequency, plaque, dental attendance pattern. Abbreviations: IRR,
Incidence Rate Ratio; CI, confidence interval.

Figure 2. Correlation between number of cigarettes smoked and serum cotinine levels among daily smokers.
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acceptable, which may increase the extent of social desirabil-
ity bias over time [35]. To overcome these possible sources
of bias related to self-reports, this study concurrently uses
serum cotinine levels to measure exposure to tobacco prod-
ucts. The results of this study are in agreement with a previ-
ous study that reported a positive association between
cotinine levels and the development of periodontal dis-
ease [36–38].

There are also other aspects that cannot be accurately
assessed using standard questionnaires or interviews: expos-
ure to passive smoke may not be accurately assessed
[39–41]. The odds of developing periodontitis are associated
with environmental exposure to tobacco smoke. A study
revealed environmental exposure to tobacco smoke increases
the odds of developing periodontitis by two- to three-
fold [42].

In this study, the misclassification rate was 6% when using
the serum cotinine level cut-off point of 42.0 lg/L. In certain
cases, passive smoking can produce serum cotinine levels
greater than 10 ng/mL in non-smokers, meaning that a
higher cut-off value may be needed to exclude most non-
smokers [43]. In this data set, there were 11 smokers who
had cotinine levels <42 lg/L and 7 non-smokers who had
cotinine levels �42lg/L. The self-reported never-smoker had
serum cotinine levels as high as 864 lg/L. This may be due
to occasional smoking, passive smoking, laboratory error in
the data or an error in filling in the questionnaire. Lastly, one
reason for these exceptionally high values could be related
to individual variation in biology, i.e. transformation of nico-
tine to cotinine, as well as to variation in the clearance of
serum cotinine [44].

Overlapping of serum cotinine levels between occasional
smokers and non-smokers was also observed, whereas meas-
urements based on cotinine level are shown to be accurate
and able to distinguish daily smokers from non-smokers. This

observation is consistent with the findings of an earlier study
where self-reported smoking appeared to be a valid meas-
urement of tobacco exposure [36,45].

An earlier study in Finland used the cut-off point of
100 lg/L to differentiate smokers from non-smokers, with
high misclassification among non-smokers who exhibited
serum cotinine levels �100lg/L [46]. In this study, the cut-
off point of 100 lg/L led to sensitivity of 78% and specificity
of 98%. The overlap among serum cotinine values in smokers
(daily, occasional) and non-smokers was also observed at the
cotinine cut-off value of 100 lg/L.

Biochemical measures that verify smoking status may help
to determine bias in self-reporting information and thereby
also reduce potential interpretation errors [47]. In addition,
this may provide better information about the commonness
of smoking as well as exposure to tobacco smoke (passive
smoking). Regarding the commonness of smoking, this study
is in agreement with the previous studies that suggest that
self-reported smoking history may underestimate the propor-
tion of those who have been exposed to smoking [47–49]. In
this study, the proportion of daily smokers was 21.8%,
whereas according to cotinine level, the proportion of those
who had been exposed to tobacco smoke was 24.5%.

The validity of this study is increased by excluding the
participants who had a known risk for periodontal disease
such as diabetes and rheumatoid arthritis. The validity is also
increased by excluding those participants from the study
who had periodontal pockets at baseline, because it is
known that previous disease history is one of the important
disease indicators of periodontal diseases.

This study has some limitations. The presence of a peri-
odontal pocket �4mm in the follow-up examination was
confined to four site/tooth assessments, which might under-
estimate the actual extent of periodontal disease. In most
cases, the effect of the underestimation is likely to be

Figure 3. Optimal cut-off point for serum cotinine levels (mg/L) to distinguish between smokers (daily, occasional) and non-smokers at baseline.
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negligible due to the fact that the participants had on aver-
age a fairly healthy periodontium. It is also important to
note that the outcome variable ‘number of teeth with deep-
ened periodontal pockets’ is based solely on probing depth,
not on bleeding or attachment loss. The presence of deep-
ened periodontal pockets is most likely related to periodon-
tal pocketing, although in some cases it can be the result of
other periodontal diseases, such as gingivitis or gingival
overgrowth. Also, in general, incidence cannot be studied
among those who already have the disease.

Exposure to smoking was assessed only at baseline; there-
fore, smoking habits do not represent changes in individuals’
smoking behaviour over time. This may have caused some
misclassification. The magnitude of this misclassification is
most likely small because smoking as a habit is in most cases
quite permanent, although there might be some changes in
smoking intensity. Furthermore, due to the sample of follow-
up and attrition of the study population, the results of this
study cannot be generalized to the whole
Finnish population.

This study was conducted in a prospective longitudinal
setting which allows assessing the effect of tobacco smoke
on periodontal disease development, measured by means of
periodontal pocket formation. The results show that both
self-reported daily smoking and serum cotinine levels were
associated with the deterioration of periodontal health. Self-
reported smoking status was fairly accurate in this study.
However, a few self-reported never-smokers had higher coti-
nine levels, indicating the importance of biochemical meas-
urements to assess misclassified smoking status, actual dose
of tobacco exposure and associated risks. Future studies
should consider bio-verification for more accurate evaluation
of active and passive smokers. The results of this study lend
support to the conception that smoking has an adverse
effect on the periodontium. Implementation of strict tobacco
control laws, policies and anti-smoking campaigns are neces-
sary to protect people from the harmful effects of tobacco.
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