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Abstract

A hypertension screening project was performed jointly at a dental clinic and a pri-
mary health care centre. In this report the hypothesis that there is an association be-
tween high diastolic blood pressure and deep periodontal pockets was tested. A total
of 1,239 consecutive patients aged 35–65 years had their blood pressure measured
before the dental examination or had a known hypertension. Information on medical
history and tobacco use was obtained by interview and dental status was recorded.
Fifty-four subjects had known hypertension and 141 had previously unknown diasto-
lic blood pressure >90 mmHg (cases). For each case an age, sex and tobacco-use

In multivariate analyses the prevalence of deep periodontal pockets was associated
with blood pressure status also after adjustment for the small differences between
the groups in age, sex, tobacco use and number of teeth. In conclusion there was an
association between diastolic blood pressure and prevalent deep periodontal pockets.
Whether the relationship is a causal one remains to be explored. Screening for high
blood pressure at regulary visits at the dental clinic may give the dental care a new
important role in the public health field.

Introduction
In the last decade several reports on a possible relationship between oral and gen-
eral health have been published [1]. Such a relationship might be expected since
some of the risk factors for cardiovascular disease and cancer may also be risk
factors or precursors for oral diseases [2–4]. Associations between oral health and
cardiovascular disease have been proposed [5,6] and current debates concern peri-
odontal disease as a potential risk factor for systemic diseases and, more specifi-
cally, whether the dental infection is a risk factor for acute myocardial infarction
[7–9]. In a prospective Finnish study, an association between dental infections and
coronary heart disease was shown [7,10].

It is well known that some cardiovascular risk factors, such as smoking, also af-
fect oral health. Recently published studies show that smoking has a negative influ-
ence on humoral immune response in early-onset periodontitis [11–13]. The effects
of other cardiovascular risk factors, such as high blood pressure and hyperlipidemia
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on oral health or vice versa are more uncertain [14–16] but a recently published
study found that a group of postmenopausal women subjects with missing teeth had
significantly higher diastolic blood pressure than others [17].

This report, based on a pilot project with blood pressure screening in dental
patients, was performed jointly at a dental clinic and a primary health care centre.
The aim of the study was to test the hypothesis that there is a correlation between
high diastolic blood pressure and deep periodontal pockets in an unselected dental
patient population.

Subjects and methods
The study was performed at a large dental clinic in the city of Gävle (population
92,000), capital of Gävleborg county (population 277,000) and located 170 kilome-
tres north of Stockholm, Sweden. A total of 1,446 consecutive patients aged 35–65
years who came to the clinic for an annual dental check-up were invited to partici-
pate, and 1,239 agreed. The patients paid for the routine check-up, but all additional
measurements due to the study were given free of charge.

A standardized interview was performed by a dental hygienist or a dental nurse,
about the subjects’ general health, medication and tobacco use. The eight partici-
pating staff members were co-trained before the study. Tobacco use was classified
as never used tobacco, tobacco ex-user, current smoker, or moist snuff user. Blood
pressure was read (before the dental examination) in the sitting position, after 5
minutes’ rest with a blood pressure watch (FUZZY-Logic, maximum recording er-
ror ± 4 mmHg) around the left wrist placed at heart level. If the diastolic blood
pressure reading was above 90 mmHg, a second reading was done at the end of
the visit, and the lowest value used in the analyses. No blood pressure reading was
performed on subjects with previously known hypertension.

Fifty-four (4.4%) subjects had previously known and treated hypertension (case
group 1), and 141 (11.4%) subjects had a blood pressure reading of >90 mmHg but
no previously known high blood pressure (cases group 2). The latter subjects were
offered further assessment at the collaborating primary health care centre. For each
case an age, sex and tobacco use matched referent was chosen from the group with

-
cause of the small group of snuff users among women). However, the interquartile
range for the case-referent age difference was quite narrow, –1 to +2 years. The 195
cases and their 195 referents formed the study population for this report.

Dental status was determined on the basis of the traditional clinical examination,
radiographic examination and periodontal pocket probe (HU-friedy) examination
of all sides of the teeth, and recorded in the patient record. Pocket depth was meas-
ured from the margin of the gingiva to the bottom of the periodontal pocket, to the
nearest millimetre. Based on patient record information, the number of periodontal
pockets 5 millimetres or deeper (excluding the third molar) per subject was calcu-
lated. Number of erupted permanent teeth was counted.
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Statistical analyses
Data were analyzed with the SAS statistical programme package [18]. The partial
non-response rate (missing data in collected variables) was less than 4%. Sum-
mary statistics, such as means, standard deviations and confidence intervals were
computed with standard parametric methods. Differences between the groups in
terms of continuous variables were tested with Student’s t-test and categorical data
with the chi-square test. Odds ratios were computed with multivariate conditional
logistic regression analysis as were the regression surfaces shown in Figure 1 A
and Figure 1 B. P-values less than 5% were considered to indicate statistical sig-
nificance.

Results
Patient characteristics
Patient characteristics are shown in Table 1. Those with known hypertension and
their referents were on average 54 years old, and those with previously unknown
high blood pressure and their referents were 49 and 48 years, respectively, a non-
significant difference. Mean systolic and diastolic blood pressure were significantly
higher in subjects with previously unknown high blood pressure than among their
referents, but were fairly similar in the two reference groups.

Smoking habits were similar among cases and their referents with the exception
that the proportion of previous tobacco users was lower among those with known
hypertension than among their referents. Cases tended to have a smaller number
of own teeth and a larger number of deep periodontal pockets than their referents,
although these differences generally were small and insignificant. There was also a
tendency towards a greater proportion of subjects with at least one deep periodon-
tal pocket among the cases than among the referents, significant in the group with
previously unknown high blood pressure.

Multivariate analyses
The results of multivariate logistic regression analyses in the two case-referent sub-
groups and in the total study population with being a case or referent as the depend-

habits, snuff taking and number of erupted teeth as independent variables is shown
in Table 2. The findings were similar in the two sub-populations and the total study
population. Subjects with periodontal pockets had 76% larger probability (adjusted
odds ratio 1.76, 95%CI 1.14–2.72) of being a case than those who had no pockets.

The presence of deep periodontal pocket among cases and referents is in Figure
1A and Figure 1B visualized in strata according to age and smoking habits. The dif-
ference in deep periodintal pocket prevalence between cases and referents persisted
in all strata.
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Discussion
High blood pressure was significantly associated with the prevalence of 5 milli-
metres or deeper periodontal pockets after adjustments for the effects of age, sex,
tobacco use and number of teeth. The project was conducted as an addendum to the
normal routine in a general dental clinic, a form of opportunistic screening where
the patient was offered the service when he or she visited the dental clinic for
the annual dental check-up. More than 60 % of the adult population in Gävleborg
County sees a dentist in the Public Dental Service at least annually [19]. The study
population in this project is therefore fairly representative of the underlying age
segment of the general population.

Altogether 15.8% of the subjects had previously known hypertension or a di-
astolic blood pressure reading above 90 mmHg. The prevalence of hypertension in
the community has been estimated to 10–15% [20]. Since the classification of high
diastolic blood pressure was based on one reading only in the majority of cases, the
true hypertension prevalence in our study population appears to be approximately
the same as in the general population.

All staff members involved in the project were co-trained for the data collection.
The blood pressure maximum recording error of ± 4 mmHg is much less than aver-
age observer variation in manual readings [20]. The well-known problem of “white
coat hypertension” [21–24], i.e. artificially high blood pressure readings owing to
subjects` tension in the measurement situation, affects blood pressure readings in
all situations, with the possible exception of home blood pressure readings [25],
and is therefore not a problem particular to this study.

The automatic blood pressure measurements reduced the possibility of depend-
ent misclassification in the blood pressure – periodontal pocket relationship. The
fact that the blood pressure classification was based on only one or two readings

Table 2. Odds ratios of having a hypertension diagnosis or a diastolic blood pres-
sure reading >90 mmHg. Adjusted estimates were obtained in multivariate analysis.
OR=adjusted odds ratio, 95% CI=95% confidence interval. Previously unknown
high diastolic blood pressure= high DBP

Known hypertension/
Referents High DBP /Referents Total study population

OR 95%CI OR 95%CI OR 95%CI

Periodontal
2.00 0.83–4.86 1.74 1.03–2.93 1.76 1.14–2.72

Age 0.98 0.79–1.22 1.07 1.00–1.14 1.00 0.97–1.04
Sex 1.19 0.48–2.94 0.94 0.56–1.57 1.01 0.66–1.57
Smoke 0.97 0.16–5.87 0.73 0,36–1.49 0.90 0.47–1.73
Snuff 0.81 0.09–7.62 1.04 0.44–2.44 1.05 0.48–2.32
No. of teeth 0.82 0.69–0.96 0.96 0.90–1.02 0.94 0.88–1.00
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rather than a clinical work-up for subjects with high readings lessens the precision,
i.e. causes a non-differential misclassification bias in this classification. The effect
is therefore most likely a dilution of the true relationship between periodontal pock-
ets and their determinants rather than the creation of a false relationship.

Another possible source of bias is the number of remaining erupted teeth, since
the potential number of deep pockets depends on the number of teeth. In addition,
loss of teeth may also be linked to prevalent deep pockets. To get around this prob-
lem the number of remaining erupted teeth was taken into account in all analyses.
We therefore have no reason to believe that the data are biased to such an extent that
the conclusions would be affected.

Periodontitis is a chronic disease with multifactorial etiology and usually has
slow development and few symptoms. Periodontitis and gingivitis share the same
etiological factors, and represent different clinical manifestations of the same fun-
damental disease process. It is unclear why and in which cases gingivitis progresses
to periodontitis. The differences could be attributable to the response of the host to
the microbial challenge [26]. It is important to know that deep periodontal pockets
that remain inflamed after local treatment may be due, to some extent, to deficient
general health. Periodontitis is, for example, more common among subjects with
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Figure 1 A. Proportion of periodontal pockets 5 millimetres or deeper in non-smoking cases (hyper-
tension diagnosis or diastolic blood pressure reading higher than 90 mmHg) and referents in strata
according to age.
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diabetes and there is a statistically significant difference in clinical tooth attachment
loss between diabetes patients with poor metabolic control, those with satisfactory
metabolic control, and healthy referents [27–29]. A positive relationship between
high blood pressure and risk of cardiovascular disease has long been recognized.
Whether periodontal disease is a risk factor for systemic disease and whether dental
infection is a risk factor for coronary heart disease remains to be shown [14,15].
The same applies to whether the association between deep periodontal pockets and
blood pressure is a causal relationship or not. Studies on mechanisms involved in
periodontal diseases show associations with various stressors; a relationship be-
tween negative events and psychological factors on the one hand and periodontal
disease on the other [30]. It appears that psychological and oral risk factors together
may cause periodontal disease [31,32].

The results of this study point towards new possibilities to improve public
health. The Dental Service, public and private, is the only health care sector for the
adult population that sees a large proportion of this population on a regular basis,
even when no illness has occurred. This organization might therefore be useful for
opportunistic screening [33]. The additional time needed for the blood pressure
measurements in this project was on average 5–6 minutes and no extra staff was
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Figure 1 B. Proportion of periodontal pockets 5 millimetres or deeper in smoking cases (hypertension
diagnosis or diastolic blood pressure reading higher than 90 mmHg) and referents in strata according
to age.
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needed. However, the efficacy of this type of opportunistc screening remains to
be evaluated. This will be done later in this project. Presently few dentists screen
for high blood pressure but more than 25% feel that involvement of dentists in the
screening for hypertension is a good idea [34].

In conclusion, we found that prevalence of periodontal pockets 5 or more mil-
limetres deep were associated with prevalent established hypertension or a high
blood pressure reading after adjustment for the influence of age, sex, tobacco use
and number of teeth. Whether the blood pressure – periodontitis relationship is a
causal one remains to be explored. Screening for high blood pressure at regular
visits at the dental clinic may give the dental care a new important role in the public
health field.
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