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ORIGINAL ARTICLE

Association between periodontal condition and blood pressure is confounded
by smoking

Emilia Ollikainena,b, Tuomas Saxlinc,d, Tellervo Tervonena,b, Anna Liisa Suominenc,d,e, Matti Knuuttilaa,b,
Antti Julaf and Pekka Yl€ostaloa,b

aResearch Unit of Oral Health Sciences, Faculty of Medicine, University of Oulu, Oulu, Finland; bMedical Research Center Oulu, Oulu
University Hospital and University of Oulu, Oulu, Finland; cInstitute of Dentistry, University of Eastern Finland, Kuopio, Finland; dDepartment
of Oral and Maxillofacial Surgery, Kuopio University Hospital, Kuopio, Finland; ePublic Health Evaluation and Projection Unit, Finnish
Institute for Health and Welfare (THL), Kuopio, Finland; fFinnish Institute for Health and Welfare (THL), Helsinki, Finland

ABSTRACT
Objective: To investigate the role of smoking as a confounding factor in the association between peri-
odontal pocketing and blood pressure.
Material and Methods: After restriction to 45–64-year-old subjects without hypertension, diabetes,
rheumatic diseases, obesity and with no history of cardiovascular diseases or ongoing lipid-lowering
medications, the study population consisted of 307 subjects of the Health 2000 Survey in Finland.
Systolic and diastolic blood pressure and pulse pressure (mmHg) were used as outcome variables.
Periodontal condition was measured by the number of teeth with �4mm periodontal pockets. b-esti-
mates and 95% confidence intervals (CI) were obtained from linear regression models. Analyses were
made in the whole study population and stratified according to smoking habits/history.
Results: The number of teeth with �4mm periodontal pockets associated statistically significantly
with systolic blood pressure and pulse pressure in the whole study population. Among never-smokers
or daily smokers, there were no consistent nor statistically significant associations between the number
of teeth with �4mm periodontal pockets and systolic/diastolic blood pressure or pulse pressure.
Conclusions: Smoking appeared to confound the association between periodontal condition and blood
pressure. Thorough control for the effect of smoking was not obtained using multivariate models.
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Introduction

To date, there are conflicting results between earlier studies
on the association of periodontal disease or different param-
eters of the disease with elevated blood pressure or overt
hypertension [1]; there are studies that report an association
[2–5] and, studies that show no association [6–8]. While the
reason for this is partly unclear, it may relate to the weak-
ness or non-existence of an association between periodontal
condition and blood pressure or overt hypertension, differen-
ces between study populations in relation to population
characteristics, including constitutional and behavioural fac-
tors, and variation in how confounding factors have been
controlled for.

Smoking is known to be a risk for several diseases, includ-
ing cardiovascular diseases [9–13], different cancers [14] and
oral diseases, and periodontal disease in particular [9,15–17].
The fact that smoking is a risk factor for periodontitis and for
a number of systemic diseases causes problems when study-
ing periodontal disease–systemic disease associations. A
major problem is how to form a smoking variable that takes

adequately into account both the qualitative and the quanti-
tative aspects, such as duration and intensity of smoking.

The aim of this cross-sectional study was to investigate
the role of smoking as a confounding factor in the associ-
ation of periodontal condition—as measured by the number
of teeth with �4mm periodontal pockets—with systolic
blood pressure, diastolic blood pressure and pulse pressure
in a homogenous adult population. Based on earlier studies
we hypothesised that smoking confounds the association
between periodontal condition and blood pressure.

Materials and methods

Study population

This study is a secondary analysis of the data of the Health
2000 Survey in Finland and its complementary investigation
of the circulatory system conducted about one year after the
actual survey. A sample of the original Health 2000 Survey,
in total 1,867 subjects, aged 45–74, were invited to the com-
plementary investigations including blood pressure measure-
ment, and of those, 1,396 (75%) agreed to participate. After
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restricting the study population to 45–64-year-old dentate
(�10 natural teeth), non-hypertensive, non-obese (body mass
index [BMI] less than 30 kg/m2), non-diabetic and non-
rheumatic subjects who had no history of cardiovascular dis-
eases or ongoing lipid-lowering medications, the study popu-
lation consisted of 307 subjects (Figure 1).

A subject was deemed to be hypertensive if his/her sys-
tolic/diastolic blood pressure was >140/90mmHg in the
health examination or the diagnosis of hypertension had
been previously confirmed by a physician. A subject was
deemed to be diabetic if he/she had been previously diag-
nosed by a physician as having diabetes, his/her fasting
blood glucose level was >7.0mmol/L or the two-hour blood
glucose level in the standard oral glucose tolerance test was
>11.1mmol/L. Information about rheumatoid diseases, the
history of cardiovascular diseases and lipid-lowering medica-
tions were obtained from the health interview.

Informed consent was obtained from the participants and
the study protocol was approved by the Ethical Committee
for Research in Epidemiology and Public Health at the
Hospital District of Helsinki and Uusimaa. Additional informa-
tion about the Health 2000 Survey is available in the reports
published by Aromaa and Koskinen [18] and by Heistaro [19].

Measurement of blood pressure

Before measuring blood pressure, the subjects were asked to
sit down for at least 10min. Blood pressure (mmHg) was

then measured from the right upper arm using an automatic
blood pressure monitor Omron M4 (Omron Healthcare
Group, Kioto, Japan). Each subject�s blood pressure was meas-
ured three times and the average of these measurements
was used in the analyses. Pulse pressure was calculated as
the difference between the average systolic and the average
diastolic blood pressure [19].

Periodontal examination

In the oral examination, periodontal pocket depth measure-
ments were carried out by five calibrated dentists using a
WHO periodontal probe with a probing force of 20 g (cali-
brated by using a letter scale). The measurements were
made in millimetres on four surfaces of each tooth—except
third molars and radices—in the following order: distobuccal,
mid-buccal, mid-oral and mesio-oral. Only the depth of the
deepest pocket for each tooth was recorded as follows: no
deepened periodontal pocket, periodontal pocket 4–5mm
deep and periodontal pocket 6mm deep or deeper. The
agreement between the examiners and the reference exam-
iner in measuring periodontal pocket depth was 77% (j
0.41). Intra-examiner reliability assessments of periodontal
pockets produced a j value of 0.83 [20]. For the analyses,
the categories ‘periodontal pocket 4–5mm deep’ and
‘periodontal pocket 6mm deep or deeper’ were combined,
resulting in a variable coined ‘the number of teeth with

Agreed to participate in the 
complementary study n=1,396 

No data on blood pressure 
n=157 

Aged 45–64   
n=999 

Aged younger/older than 45–64 
n=240 

<10 natural teeth  
n=208 

≥10 natural teeth 
n=791 Subjects with hypertension, 

diabetes, rheumatic diseases, 
history of cardiovascular diseases, 
lipid-lowering medications and BMI 

≥30  
n=484 

Subjects without hypetension, 
diabetes, rheumatic diseases, 

history of cardiovascular diseases, 
and lipid-lowering medications and 

with BMI<30 
n=307 

Data on blood pressure 
n=1,239 

Figure 1. Formation of the study population.
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�4mm periodontal pockets’ [21]. This was used in the analy-
ses as a continuous variable.

Measurement of smoking

Information about smoking habits/history was gathered from
the health interview. Based on these data, three different var-
iables on smoking habits/history were formed for the statis-
tical analyses. Firstly, a dichotomized variable reflecting the
present smoking status (smoker/non-smoker) was created.
Secondly, a more elaborate variable including the following
categories was formed: daily smoker, occasional smoker, for-
mer smoker who had quit smoking during the past year, for-
mer smoker who had quit smoking more than a year ago,
and never-smoker. Thirdly, a categorical variable with seven
categories, including numbers of cigarettes a day for current
smokers, was formed: current smoker with 1–9 cigarettes a
day, current smoker with 10–19 cigarettes a day, current
smoker with 20–29 cigarettes a day, current smoker with 30
or more cigarettes a day, pipe/cigar-smoker, a person who
quit smoking during the past 12months (former smoker),
and a never-smoker or a smoker who had not smoked dur-
ing the past year (non-smoker).

Other variables

Information about age (continuous variable) and gender
were obtained from population registers. Information about
educational level was obtained from the health interview
and classified into three categories: low education, intermedi-
ate education and high education. The lowest category con-
sisted of those whose education was below general upper
secondary school (high school) level and who did not have
formal vocational qualifications. The intermediate category
comprised those who had graduated from general upper
secondary school (high school) or vocational school. The
highest category consisted of subjects who had graduated
from a higher education institution (university of applied sci-
ences or university).

Body weight was measured by using BMI. Information
about height and weight were obtained primarily from the
clinical health examination, and if not available, self-reported
data from a questionnaire was used [19]. Information about
physical activity was collected by means of a questionnaire
using Gothenburg’s scale and the International Physical
Activity Questionnaire (IPAQ) scale that measures the amount
of leisure time activity, housework, walking and sitting. The
level of physical activity was categorized into four categories
(ideal/sufficient/unsure/insufficient). Information about alco-
hol consumption was obtained from a questionnaire, and
the estimated amount of alcohol consumption (g/week) was
used as a continuous variable [18].

Serum triglycerides (mmol/L) were analysed enzymatically
(Olympus System Reagent, Olympus Life Science Research
Europa GmbH, Munich, Germany). High-density lipoprotein
(HDL) cholesterol (mmol/L) and low-density lipoprotein (LDL)
cholesterol (mmol/L) values were measured using direct
methods based on immunocomplex separation followed by

enzymatic cholesterol determination (Roche Diagnostics,
Mannheim, Germany). Analyses were performed on an
Olympus AU400 clinical chemistry autoanalyser (Olympus
Diagnostica GmbH, Hamburg, Germany) [22].

Dental plaque was measured during the clinical oral
health examination as follows: buccal surface from the most
posterior tooth on the upper right side, lingual surface from
the most posterior tooth on the lower left side and buccal
surface from the left lower canine. The presence of visible
dental plaque was categorized as no visible plaque, visible
plaque on gingival margins only, or visible plaque also else-
where, and the highest value was recorded.

Statistical methods

First, analyses were performed in the whole study population
(Table 1). Next, adjusted stratified analyses were performed
in subpopulations according to smoking habits/history (Table
2). Unadjusted and adjusted beta estimates with 95% confi-
dence intervals (CI) and p-values were estimated using
GENMOD procedure with a normal distribution and an iden-
tity link function, SAS software, version 9.4.

The selection of covariates was based on current know-
ledge of potential risk factors for hypertension. The models
were adjusted for age, gender, education, BMI, the level of
physical activity, alcohol consumption and serum lipid com-
position (triglycerides, HDL-cholesterol and LDL-cholesterol).
In addition, the three smoking variables described above
were used to control for the effect of smoking.

Results

In the total population, the proportion of individuals with no
� 4mm pockets was 29.6% and the proportion of individuals
with � 12 teeth with �4mm pockets was 13.7% (Table 3).
The mean number of teeth with �4mm pockets varied from
3.8 in never-smokers to 7.7 in daily smokers (Table 4). The
mean systolic/diastolic blood pressure was 122.8/74.8mmHg
in the total population. The systolic blood pressure varied by
10 units between subjects with no �4mm periodontal pock-
ets and those with �12 teeth with �4mm pockets while less
variation was observed in diastolic blood pressure (Table 3).
The characteristics of the study population according to the
number of teeth with �4mm periodontal pockets are pre-
sented in Table 3 and according to the categories of smok-
ing habits/history variable in Table 4.

After adjusting for confounding factors including the
dichotomous smoking variable (smoking/non-smoking), the
number of teeth with �4mm periodontal pockets associated
statistically significantly with systolic blood pressure (b-esti-
mate 0.33, 95% CI 0.06–0.60) and pulse pressure (b-estimate
0.24, 95% CI 0.07–0.41) in the total study population. When
the dichotomous smoking variable was replaced by the other
two smoking variables, no essential changes in b-estimates
were observed (Table 1).

Even stronger associations of the number of teeth with
�4mm periodontal pockets with both systolic blood pres-
sure and pulse pressure were found among the combined
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group of former and occasional smokers (b-estimate 0.72,
95% CI 0.28–1.15 and b-estimate 0.55, 95% CI 0.29–0.81,
respectively) (Table 2).

There was an essentially weaker association between the
number of teeth with �4mm periodontal pockets and sys-
tolic blood pressure in the group of never-smokers (b-esti-
mate 0.12, 95% CI �0.31–0.56) than in the total study
population, where smoking was controlled for using multi-
variate models (range of b-estimate 0.33–0.34). In terms of
pulse pressure, a smaller difference was observed in b-esti-
mates between the total study population and never-smok-
ers (Tables 1 and 2). Among daily smokers, practically no
associations of �4mm periodontal pockets with systolic
blood pressure or diastolic blood pressure or pulse pressure
were found.

Discussion

Using this fairly small but homogenous subpopulation of the
Health 2000 Survey, we observed that periodontal pocketing
was associated with systolic blood pressure and pulse pres-
sure when smoking was controlled for by means of multivari-
ate models. However, when the subsequent analyses were
performed separately among never-smokers or daily smokers,
the associations were weaker or non-existent. We interpreted
this to mean that multivariate models are unable to produce

a thorough control for the effect of smoking regardless of
the type of categorical smoking variable used.

Supporting the conception that periodontal infection is
associated with blood pressure in patients with moderate to
severe periodontitis, two recent randomized controlled trials
(originally aimed for studying the effect of periodontal ther-
apy on blood pressure) showed a fall in blood pressure after
intensive periodontal therapy when compared to conven-
tional treatment. The study by Zhou et al. [23] reported a
marked reduction in blood pressure parallel with an improve-
ment in probing depth six months after therapy in prehyper-
tensive patients (without any antihypertensive management).
A more recent study by Czesnikiewicz-Guzik et al. [5] showed
that intensive periodontal therapy in hypertensive patients
was followed by a reduction in blood pressure in a two-
months follow-up and that the change in blood pressure cor-
related positively with the reduction in probing pocket
depth. Notably, the latter study also showed a causal rela-
tionship between periodontitis associated genetic variants
and blood pressure based on Mendelian randomisation
analysis.

The results of non-interventional studies that focus on the
association between various parameters of periodontitis and
elevated blood pressure or overt hypertension are conflicting
[1]. The explanation for the conflicting results may arise from
differences in the study populations in relation to age, gen-
der, socioeconomic status, ethnic background, and health

Table 1. Associations of the number of teeth with �4mm periodontal pockets with systolic and diastolic blood pressure and pulse pressure in the total study
population.

Systolic blood pressure Diastolic blood pressure Pulse pressure

ß-estimate 95 % CI p-value ß-estimate 95 % CI p-value ß-estimate 95 % CI p-value

Unadjusted (n¼ 307) 0.53 0.26–0.81 <.01 0.16 0.02 to 0.30 .02 0.37 0.20–0.55 <.01
Adjusted (n¼ 303)
Model I 0.33 0.06–0.60 .02 0.07 �0.09 to 0.22 .39 0.24 0.07–0.41 <.01
Model II 0.34 0.07–0.60 .02 0.09 �0.05 to 0.24 .20 0.25 0.08–0.42 <.01
Model III 0.34 0.05–0.62 .02 0.09 �0.06 to 0.23 .23 0.27 0.09–0.45 <.01

Unadjusted and adjusted ß-estimates with 95% confidence intervals (CI) and p-values.
Model I: Adjusted for age, gender, educational level, BMI, level of physical activity, alcohol consumption, serum lipid composition (triglycerides, LDL-cholesterol,
HDL-cholesterol) and smoking (smoker/non-smoker).
Model II: Adjusted for age, gender, educational level, BMI, level of physical activity, alcohol consumption, serum lipid composition (triglycerides, LDL-cholesterol,
HDL-cholesterol) and smoking (daily smoker/occasional smoker/ former smoker who had quit smoking during the past year, former smoker who had quit smok-
ing more than a year ago, and never-smoker).
Model III: Adjusted for age, gender, educational level, BMI, level of physical activity, alcohol consumption, serum lipid composition (triglycerides, LDL-cholesterol,
HDL-cholesterol) and smoking (non-smoker /former smoker /pipe-smoker or cigar-smoker /number of cigarettes a day 1–9, 10–19, 20–29, 30þ).

Table 2. Associations of the number of teeth with �4mm periodontal pockets with systolic blood pressure and pulse pressure stratified according to smoking
habits/history.

Systolic blood pressure Diastolic blood pressure Pulse pressure

ß-estimate 95 % CI p-value ß-estimate 95 % CI p-value ß-estimate 95 % CI p-value

Daily smokers (n¼ 61)
Unadjusted 0.30 �0.27 to 0.87 0.29 0.19 �0.09 to 0.48 0.17 0.10 �0.26 to 0.47 .56
Adjusted� 0.02 �0.55 to 0.60 0.93 0.02 �0.26 to 0.31 0.88 0.00 �0.36 to 0.37 .98

Former/occasional smokers (n¼ 89)
Unadjusted 1.00 0.54 to 1.45 <0.01 0.32 0.07 to 0.58 0.01 0.67 0.39 to 0.95 <.01
Adjusted� 0.72 0.28 to 1.15 <0.01 0.17 �0.09 to 0.43 0.19 0.55 0.29 to 0.81 <.01

Never-smokers
Unadjusted (n¼ 157) 0.27 �0.19 to 0.73 0.25 �0.06 �0.29 to 0.18 0.62 0.33 0.02 to 0.63 .03
Adjusted (n¼ 153)� 0.12 �0.31 to 0.56 0.58 �0.10 �0.33 to 0.14 0.43 0.22 �0.06 to 0.49 .12

Unadjusted and adjusted ß-estimates with 95% confidence intervals (CI) and p-values.�Adjusted for age, gender, educational level, BMI, level of physical activity, alcohol consumption and serum lipid composition (triglycerides, LDL-cholesterol,
HDL-cholesterol).
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behaviour including smoking habits, the extent and severity
of periodontal diseases and how periodontal diseases and
elevated blood pressure or overt hypertension have been
defined. In most cases the confounding effect of smoking
has been taken into account applying multivariate regression
models with a non-quantitative smoking variable [1–3,8,24].
There are also studies where the confounding effect of
smoking has been eliminated by excluding smokers
[7,25–27]. The now observed differences in the strength of
the association of periodontal inflammation with blood pres-
sure between non-smokers and the total population speak
for the fact that the results of other studies in which smok-
ing has been controlled for using regression models may
also be biased due to smoking related residual confounding.

Despite the overall low level of systolic blood pressure in
these data, there was a difference of about 10 units mmHg
between subjects with no teeth with �4mm periodontal
pockets and those with 12 or more such teeth (Table 3). A
key question is whether or not this difference can be attrib-
uted to the inflammatory condition of the periodontium. The
results among never-smokers can be compared to what

interventional studies have shown. For example, intensive
periodontal treatment was followed by a decrease in both
systolic and diastolic blood pressure in the study by
Czesnikiewicz-Guzik et al. [5]. However, there was no effect
of intensive periodontal therapy on systolic blood pressure
(p¼ 0.9) in subjects belonging to the lowest ambulatory 24-
hour blood pressure tertile. This concurs well with our find-
ing of practically no association of periodontal pocketing
with blood pressure among never-smokers.

The b-estimates in never-smokers could also be compared
to earlier findings, but unfortunately, the studies in non-
smoking populations are scarce [1]. In a study by Yamori and
co-workers [26] among non-smoking and non-drinking
women, the b-estimate for a unit change of CPITN (scale
0–4) was 0.29, i.e. quite a weak association. Another, smaller
study [7] among systemically healthy subjects did not pro-
vide evidence of association (p-value of .642 for a dichotom-
ous periodontal explanatory variable). A study by Franek and
co-workers [25] was performed in a non-smoking diabetic
population. It provided some evidence on the association
between periodontal condition and blood pressure, but the

Table 3. Subject characteristics of the total study population and of the categories of the number of teeth with � 4mm periodontal pockets.

Number of teeth with� 4mm periodontal pockets

Total 0 1–3 4–6 7–11 12þ
(n¼ 307) (n¼ 91) (n¼ 81) (n¼ 45) (n¼ 48) (n¼ 42)

Age, [mean (SD)] 51.6 (5.2) 50.3 (4.4) 51.4 (5.4) 52.9 (5.7) 52.3 (5.4) 52.4 (5.1)
Gender (%)
Male 36.8 19.8 38.3 46.7 39.6 57.1
Female 63.2 80.2 61.3 53.3 60.4 42.9

Educational level (%)
Low 23.8 18.7 28.4 17.8 27.1 28.6
Intermediate 30.0 34.1 32.1 24.4 25.0 28.6
High 46.2 47.2 39.5 57.8 47.9 42.8

BMI [kg/m2, mean (SD)] 24.4 (2.7) 23.9 (2.8) 24.9 (2.7) 24.1 (2.6) 24.6 (2.7) 25.7 (3.4)
Serum lipid composition [mmol/L, mean (SD)]
Triglycerides 1.2 (0.5) 1.2 (0.6) 1.2 (0.4) 1.2 (0.6) 1.1 (0.3) 1.4 (0.7)
LDL-cholesterol 3.6 (0.9) 3.4 (1.0) 3.7 (0.9) 3.5 (1.0) 3.7 (0.8) 3.8 (0.9)
HDL-cholesterol 1.5 (0.4) 1.6 (0.4) 1.5 (0.3) 1.5 (0.4) 1.5 (0.4) 1.4 (0.4)

Alcohol consumption [g/week, mean (SD)] 79.7 (125.5) 54.9 (83.8) 90.2 (135.3) 78.1 (106.0) 71.9 (65.2) 123.4 (213.7)
Level of physical activity (%)�
Ideal 11.8 11.0 12.4 25.6 8.4 2.4
Sufficient 31.5 30.8 38.3 20.9 33.3 28.6
Unsure 26.9 28.6 19.7 30.2 33.3 26.2
Insufficient 29.8 29.6 29.6 23.3 25.0 42.8

Smoking, pack-years (%)
Non-smoker 52.4 60.4 54.3 51.1 58.3 26.2
Former smoker 26.7 29.7 25.9 26.7 22.9 26.2
Pipe/cigar-smoker 3.3 0.0 2.5 2.2 2.1 14.3
1–9 5.5 5.5 4.9 11.1 0.0 7.1
10–19 7.2 3.3 8.6 4.4 12.5 9.5
20–29 3.6 1.2 3.7 2.2 4.2 9.5
30þ 1.3 0.0 0.0 2.2 0.0 7.1

Systolic blood pressure [mmHg, mean (SD)]) 122.8 (14.4) 118.6 (11.8) 123.1 (14.4) 123.5 (15.3) 124.0 (13.9) 128.9 (17.1)
Diastolic blood pressure [mmHg, mean (SD)] 74.8 (7.4) 73.8 (6.9) 75.2 (7.9) 73.9 (7.6) 75.3 (7.0) 76.9 (7.7)
Pulse pressure [mmHg, mean (SD)] 47.9 (9.3) 44.7 (7.1) 48.0 (8.7) 49.7 (10.1) 48.7 (9.8) 52.1 (11.3)
Number of teeth [mean (SD)] 25.3 (4.2) 25.0 (4.4) 25.5 (4.2) 25.8 (3.5) 24.7 (5.0) 25.7 (3.4)
Presence of dental plaque (%)
No plaque 36.2 55.0 37.0 42.2 16.7 9.5
Plaque on gingival margins only 54.7 40.7 51.9 53.3 72.9 71.4
Plaque also elsewhere
Number of teeth with� 4mm

9.1 4.4 11.1 4.4 10.4 19.1

pockets [mean (SD)] 4.9 (5.8) 0 1.9 (0.8) 5.0 (0.8) 8.6 (1.5) 16.8 (4.2)
Number of teeth with� 6mm
pockets [mean (SD)] 0.7 (2.0) 0 0.1 (0.2) 0.2 (0.5) 0.9 (1.5) 4.0 (3.9)
�Data missing for 4 subjects.
SD: standard deviation: BMI: body mass index; LDL-cholesterol: low density lipoprotein (LDL) cholesterol; HDL-cholesterol: high density lipoprotein (HDL)
cholesterol.
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strength of the association remains unclear as no estimates
for the association were reported.

The discrepancy in the estimates between never-smokers
and total population suggests that thorough adjustment for
smoking in the association between periodontal diseases
and blood pressure is not easy to achieve in statistical mod-
elling. This is likely due to their shared risk determinants
such as age, obesity, and smoking, for instance. One likely
explanation for the now observed fairly strong positive asso-
ciation of periodontal pocketing with systolic blood pressure
and pulse pressure in the combined group of former and
occasional smokers is the biasing effect related to the het-
erogeneity of this group. Besides variation in person charac-
teristics the variation in the life-long exposure, i.e. dose,
intensity and duration of smoking, was likely highest in this
group. It should be noted that the operationalisation of a
smoking variable that takes adequately into account all
aspects of smoking, including the qualitative dimensions is
almost impossible [28–30].

In addition to self-reported smoking data, which were
used in this study, exposure to tobacco was determined in
the Health 2000 Survey by measuring serum cotinine level. A
recent study by Goswami et al. [31] reported that both self-
reported daily smoking and serum cotinine level were quite

consistently associated with periodontal pocket development
and that current self-reported smoking status was fairly
accurate. Despite the fact, that current smoking was meas-
ured accurately in this study, it is likely that the smoking var-
iables used did not take into account all aspects of smoking
history.

In general, there seems to be over-optimism related to
the capacity of multivariate models to control for the effect
of smoking. Hujoel and co-workers [30] have earlier shown
that proper adjustment for smoking is not feasible when
studying the association of periodontitis with non-oral dis-
eases and that statistical adjustment can be used to reduce
but not to eliminate the bias caused by smoking. In the light
of this conception, it is clear, that unbiased estimates for the
associations of periodontal pocketing with blood pressure
and pulse pressure can be obtained with certainty in the
never-smoking population. The unbiased b-estimates in rela-
tion to smoking habits/history showed that the association
of the number of teeth with � 4mm periodontal pockets
with blood pressure was weak and statistically insignificant
in these data.

The Health 2000 data are based on a random sample
where the participation rate was 79% [18] and the participa-
tion rate for the complementary study was 75%; these quite

Table 4. Subject characteristics of the study population according to smoking habits/history (n¼ 307).

Daily smokers Former/occasional smokers Never-smokers
(n¼ 61) (n¼ 89) (n¼ 157)

Age [mean (SD)] 52.1(4.9) 51.4 (5.0) 51.8(5.5)
Gender (%)

Male 47.5 44.9 28.0
Female 52.5 55.1 72.0

Educational level (%)
Low 27.9 20.2 24.2
Intermediate 29.5 34.8 27.4
High 42.6 44.9 48.4

BMI [kg/m2, mean (SD)] 24.4(3.0) 24.7(2.7) 24.2(2.7)
Serum lipid composition [mmol/L, mean (SD)]

Triglycerides 1.2 (0.6) 1.2 (0.6) 1.2 (0.5)
LDL-cholesterol 3.6 (0.9) 3.6 (1.0) 3.6 (0.9)
HDL-cholesterol 1.5 (0.4) 1.5 (0.4) 1.5 (0.4)

Alcohol consumption [g/week, mean (SD)] 136.8(193.9) 88.0(133.2) 52.4(65.0)
Level of physical activity (%)�

Ideal 4.9 15.7 12.3
Sufficient 21.3 33.7 34.2
Unsure 32.8 25.8 25.2
Insufficient 41.0 24.7 28.4

Smoking, pack-years (%)
Non-smoker 0 4.5 100
Former smoker 1.6 91.0 0
Pipe/cigar-smoker 14.8 1.1 0
1–9 24.6 2.3 0
10–19 34.4 1.1 0
20–29 18.0 0 0
30þ 6.6 0 0

Systolic blood pressure [mmHg, mean (SD)] 123.8(16.4) 123.5(15.1) 122.0(13.3)
Pulse pressure [mmHg, mean (SD)] 48.6(10.4) 47.9(9.5) 47.7(8.8)
Number of teeth [mean (SD)] 24.3(4.9) 25.6(4.1) 25.5(3.9)
Presence of dental plaque (%)

No plaque 27.9 41.6 36.3
Plaque on gingival margins only 57.4 52.8 54.8
Plaque also elsewhere 14.8 5.6 8.9

Number of teeth with� 4mm pockets [mean SD)] 7.7(7.3) 4.8(6.3) 3.8(4.5)
Number of teeth with� 6mm pockets [mean (SD)] 1.7(3.3) 0.6(1.7) 0.4(1.4)
�Data missing for 4 subjects.
SD: standard deviation: BMI: body mass index; LDL-cholesterol: low density lipoprotein (LDL) cholesterol; HDL-cholesterol: high density lipo-
protein (HDL) cholesterol.
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high participation rates reduced the effect of potential selec-
tion bias. We made several restrictions to the study popula-
tion to reduce the effect of age-related and systemic health-
related confounding and ended up with a non-hypertensive
45� 64-year-old population. An important question is
whether the participation in the study is influenced by the
exposure or the outcome. Notably, periodontal pocketing
and blood pressure in the present study population (Table 3)
were fairly close to what was reported earlier among the
Health 2000 participants; 4.9 and 4.6 teeth with � 4mm peri-
odontal pockets, respectively, among 45–54-year-old and
55–64-year-old subjects [21] and mean blood pressure of
122.0/77.3mmHg in 918 normotensive 45–74-year-old sub-
jects [32].

Unlike previous studies, most of which used different case
definitions for periodontitis we used the number of teeth
with � 4mm periodontal pockets as the explanatory vari-
able. An advantage of using a continuous variable is that it
comprises and utilizes information of current periodontal
inflammation. Another advantage is that misclassification of
periodontal condition can be avoided when compared to
studies in which a dichotomized variable is used.

To conclude, using these empirical data we showed how
smoking confounds the association of periodontal pocketing
with blood pressure and pulse pressure. In studying the asso-
ciation between periodontal condition and blood pressure,
the use of multivariate models appeared not to be an
adequate method in obtaining a thorough control for the
effect of smoking.
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