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Abstract
To date, most epidemiological studies have shown a weak or moderate association between dental
diseases such as periodontal infections, dental caries and tooth loss, and atherosclerotic vascular
diseases. However, the nature of this association is not known; it may be due to the biological effect
of oral infections on initiation or progress of atherosclerosis or it may be non-causal due to
determinants in common, either biological or behavioural. Methodological shortcomings,
inconsistent results and a lack of definite proof from intervention studies have led to the conclusion
that causality between dental diseases and atherosclerotic vascular diseases has not been established.
The aim of this study was to produce evidence on the nature of the association between dental
diseases and atherosclerotic vascular diseases.

The study uses data from the 1966 Birth Cohort of Northern Finland (N = 11,637). The data were
collected in 1997–1998, when the cohort members had reached 31 years of age. The respondents were
asked through a postal questionnaire about their oral health. In addition, respondents were asked
about their general health and oral and general health habits. The response rate was 75.3%. Those who
lived in Northern Finland or the capital city region were invited to clinical health examination (N =
8,463). Altogether 5,696 subjects supplied the data, representing 67.3% of those who were invited to
the clinical examination.

While the study showed an association of self-reported gingivitis, dental caries and tooth loss with
the prevalent angina pectoris, it also showed that these self-reported dental diseases were not
important determinants for elevated C-reactive protein levels. This suggests that the associations that
were found between dental conditions and prevalent angina pectoris are mainly caused by factors
other than biological mechanisms related to infection or inflammation. The lack of a biological
explanation related to infections or inflammatory processes suggests that other biological
mechanisms or biases, including confounding, should be considered as an alternative explanation.
However, it must be noted that the possibility that oral infections also contribute to the development
of atherosclerosis should not be rejected either.

Keywords: angina pectoris, C-reactive protein, confounding factors, oral diseases





‘Read not to contradict and confute; nor to believe and take for
granted; nor to find talk and discourse; but to weigh and consider’

(Bacon 1625)
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Abbreviations 
ApoE Apolipoprotein E
BMI Body mass index
CI Confidence interval
CRP High sensitive C-reactive protein
HDL High density lipoprotein
HSP Heat shock protein
ICAM-1 Intercellular adhesion molecule-1
IL-1α Interleukin 1 alpha
IL-1β Interleukin 1 beta
IL-6 Interleukin 6
LDL Low density lipoprotein
LOT-r Revised version of Life Orientation Test
LPS Lipopolysaccharides
NHANES National Health and Nutrition Examination Survey
OR Odds ratio
PCR Polymerase chain reaction
PPR Prevalence proportion ratio
RA Rheumatoid arthritis 
SAA Serum Amyloid A 
SES Socioeconomic status
TF Tissue factor
TNF-α Tumour necrosis factor alpha
VCAM-1 Vascular cell adhesion molecule-1
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1 Introduction
Atherosclerotic vascular diseases have several risk factors, such as male gender,
hypertension, hypercholesterolemia, hyperlipidemia, obesity, lack of physical
activity and smoking (Vinereanu 2006). However, a substantial part of new
atherosclerotic events occur in individuals without these or other known risk
factors (Braunwald 1997, Khot et al. 2003). This has motivated the search for new
risk factors. One suggested new risk factor is infections, and the prevailing
hypothesis in the field of oral epidemiology is that periodontitis, which is an
infection in the tooth-supporting tissue, contributes to the development of
atherosclerosis (Armitage 2000).

Should a relation of oral infections to atherosclerotic cardiovascular diseases
exist, it would have a significant public health impact, since atherosclerotic
vascular diseases have high prevalence and are a major cause of death in the
western world. In this case, being able to prevent even a small fraction of
atherosclerotic vascular disease morbidity by eliminating oral infections would be
important.

At present, the vast majority of epidemiological studies suggest that there is a
causal association between periodontal infections and atherosclerotic vascular
diseases (Armitage 2000, Genco et al. 2002, Beck & Offenbacher 2005, Paquette
et al. 2007). On the other hand, there are studies (Joshipura et al. 1996, Hujoel et
al. 2000, 2001, 2002a, Howell et al. 2001, Tuominen et al. 2003) where this
association has not been found. Inconsistent results in previous epidemiological
studies, a lack of definite proof from intervention studies, and the existence of
shortcomings in methodology imply that the key question is still whether a causal
association actually exists between oral infections and atherosclerosis.

Studies that have examined the association between oral infections and
atherosclerotic vascular diseases have used different explanatory variables ranging
from gingivitis to periodontitis and tooth loss, and different outcome variables
ranging from subclinical atherosclerotic alternations to death from cardio- or
cerebrovascular diseases. In this study, prevalent angina pectoris, a diagnosis given
to patients who have chest pain of cardiac origin, and the level of C-reactive
protein (CRP), a marker of unspecific inflammation, were used as primary
outcomes. Self-reported gingivitis, dental caries and tooth loss were used as
principal explanatory variables. This study also focuses on the associations of
health behaviour with dental health and cardiovascular risk factors and on the
determinants of health behaviours.
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2 Review of the literature
To date, most studies have shown an association between periodontal infection and
atherosclerotic vascular diseases. The results of recent meta-analyses (Janket et al.
2003, Khader et al. 2004) suggest that periodontal infection increases the risk of
coronary heart disease by about 10–20%. Besides the association of periodontal
infections, studies using indices such as total dental index (TDI) (Mattila et al.
1995) and asymptotic dental score (ADS) (Janket et al. 2004), consisting of a
variety of dental conditions, have shown an association with coronary heart
disease (Mattila et al. 1995, Janket et al. 2004). On the other hand, it must be noted
that studies (Joshipura et al. 1996, Hujoel et al. 2000, 2001, 2002a, Mattila et al.
2000, Howell et al. 2001, Tuominen et al. 2003) that do not show any significant
associations between oral infections and atherosclerotic vascular diseases also
exist.

The strength of the association that has been found in studies connecting
periodontal infection to atherosclerotic vascular diseases varies. This variation
may be attributed to the presence of other risk factors, random variation, biases
and differences in details in the studies, such as the use of different outcome
variables and different diagnostic criteria and differences in case definition.

2.1 Potential mechanisms between periodontitis and 
atherosclerotic vascular diseases

There are several mechanisms that lead to atherosclerosis, which in turn eventually
results in coronary heart disease. The initial process in atherosclerosis is endothe-
lial injury, which may be caused by toxins in tobacco, hypercholesterolemic
plasma, oxidised low density lipoprotein (LDL), physical and chemical forces and
viral infections, for example (Hegele 1996). Bacterial infections, including
periodontal infections, are putative risk factors for atherosclerosis and their role in
pathogenesis has been actively studied in oral epidemiology over the last decades.
The current view is that there are four main explanations for how periodontal
infection could associate with atherosclerosis: individual propensity or extrinsic
stimuli that predispose individuals to both periodontitis and atherosclerosis,
inflammatory focus in an oral cavity that potentiates an atherosclerotic process by
stimulating inflammatory pathways, periodontitis related bacteraemia with inocu-
lation of atherosclerotic plaques by periodontal bacteria, and confounding related
to shared risk factors (Haynes & Stanford 2003).
17



2.1.1 Individual propensity as a determinant in common

One possible explanation for the association between periodontal infections and
CVD is that there could a predisposition common to both atherosclerosis and
periodontitis (Haynes & Stanford 2003). This hypothesis was originally presented
in two articles by Offenbacher (1996) and Beck and colleagues (1996). They
suggested that subjects with hyperreactive monocytes phenotype, i.e.
hyperinflammatory phenotype, might have an increased predisposition to both
periodontitis and atherosclerotic vascular diseases, since subjects with
hyperreactive monocytes phenotype have a strong response to immunological
challenges and it has been shown that they secrete greater amounts of
inflammatory mediators in response to lipopolysaccharides (LPS) than do
normally responding subjects (Beck et al. 1996). The aetiology for this
hyperinflammatory phenotype is currently unclear, but it has been suggested it
might be influenced by genetic and/or environmental factors (Beck et al. 1996)
and periodontal infection itself (Kinane & Lowe 2000).

Evidence that periodontitis is associated with differences in cytokine
production originally comes from experimental studies (McFarlane et al. 1990,
Shapira et al. 1994). Recent findings in epidemiological studies have confirmed
that certain polymorphisms in interleukin-1α (IL-1α) and interleukin 6 (IL-6) are
related to a strong inflammatory response towards periodontal pathogens (D’Aiuto
et al. 2004) and that certain polymorphisms in cytokine regulating genes are
associated with the severity or extent of periodontal infection (Laine et al. 2001,
Tervonen et al. 2007).

It has been found that elevated serum lipids are associated with poor host
response, especially towards Gram-negative bacteria (Iacopino & Cutler 2000) and
that elevated serum lipids, especially low density lipoprotein (LDL), cause a
monocytic hyper-response (Beck et al. 1996, Iacopino & Cutler 2000). Since a
high LDL level is seen as one of the risk factors for atherosclerotic vascular
diseases, it is possible that the propensity to infectious diseases and atherosclerosis
may thus have aetiology in common.

Some systemic diseases, such as diabetes and rheumatoid arthritis as well as
overweight and obesity, are characterised by elevated levels of proinflammatory
mediators. It is known that diabetics (Libby 2002) and rheumatoid arthritis
patients (Wolfe et al. 1994, Wallberg-Jonsson et al. 1997) have an increased risk of
developing atherosclerotic vascular diseases. It has been also suggested that
patients with these diseases, diabetes (Grossi & Genco 1998) and rheumatoid
18



arthritis patients (Mercado et al. 2000, 2001) are more prone to periodontal
infections. In quite a similar manner, it has been found that overweight and obese
persons are more at risk of having atherosclerotic vascular diseases (Pearson et al.
2003) and periodontitis (Saito et al. 2001, Genco et al. 2005, Nishida et al. 2005)
than normoweight subjects.

To date, the role of an inflammatory condition and inflammatory diseases as
risk factors for periodontal infection is not clear, however. This means that the role
of an inflammatory condition as a determinant in common is not established either.
One exception is diabetes, especially when poorly controlled, which is considered
to be an established risk factor for both periodontitis (Borrell and Papapanou 2005)
and cardiovascular disease.

2.1.2 The role of inflammatory focus

One possible mechanism for how chronic infections contribute to the development
of atherosclerosis is through acute phase reactants. Several observational studies
and intervention studies have shown that subjects with periodontal infections have
high levels of proinflammatory cytokines such as IL-6 (Loos 2005). Besides
cytokines, subjects with periodontal infection have elevated levels of acute phase
proteins such as CRP and fibrinogen (Loos 2005).

CRP is one of the most important of acute phase reactants, being an unspecific
indicator of inflammation and infection. The importance of CRP is based on the
findings that it has proven to be a good predictor for cardiovascular events (Libby
& Ridker 2004, Koenig 2005). In addition, CRP has a direct effect on the
pathogenesis of cardiovascular diseases through several mechanisms (Pepys &
Hirschfield 2003, Kluft 2004, Labarrere & Zaloga 2004). These include the
activation of the complement system, increasing the expression of molecules
related to pathogenesis such as tissue factor (TF), intercellular adhesion
molecule-1 (ICAM-1) and vascular adhesion molecules (VCAM-1), and the
suppression of the production of nitric oxide, which increases smooth muscle cell
proliferation, LDL-cholesterols oxidation, platelet adhesion and aggregation, and
adhesion of monocytes to the arterial endothelium (Kluft 2004). Elevated levels of
CRP have been reported among those who have gingivitis (Wu et al. 2000), and
periodontitis (Slade et al. 2000, Noack et al. 2001, Ebersole et al. 2002, Glurich et
al. 2002; Buhlin et al. 2003, Slade et al. 2003).

Epidemiological studies have shown an association also between periodontal
diseases and the level of fibrinogen (Kweider et al. 1993). Elevated levels of
19



fibrinogen, which cause trombogenesis and thus are central in the pathogenesis of
infarction, are found in patients with cardiovascular diseases (De Nardin 2001).
The results on serum amyloid A, on the other hand, are inconsistent despite their
associations with lipid metabolism and atherogenesis (De Nardin 2001).

The relation of periodontitis to CRP has also been examined in intervention
studies, but the results have been inconsistent. Periodontal treatment has been
found to decrease CRP levels in a number of studies (Mattila et al. 2002, Iwamato
et al. 2003, D’Aiuto et al. 2005, Montebugnoli et al. 2005). On the other hand,
inconsistent results of randomised intervention studies imply that the significance
of dental diseases as a source of CRP is not clear (Ioannidou et al. 2006).
Moreover, the relative importance of dental diseases compared to other sources of
CRP, such as traditional cardiovascular risk factors, is not clear.

Periodontal pathogens might also have an effect on atherosclerosis through
immunological pathways. Previous studies have reported that periodontal patients
have higher antibody levels than non-patients (Ebersole et al. 1984), and that the
presence of antibodies to periodontal pathogens is associated with atherosclerotic
vascular diseases (Prasad et al. 2002, Pussinen et al. 2005, Spahr et al. 2006). On
the other hand, Rothenbacher and colleagues (2003) showed that the results could
be biased due to confounding, as seropositivity may be associated with
cardiovascular risk factors and low socioeconomic status (SES). Zhu and
colleagues (2001) reported that the association between seropositivity and
coronary heart diseases attenuated after adjustment for cardiovascular risk factors.
However, they demonstrated that the aggregate pathogen burden was associated
with coronary heart disease (Zhu et al. 2001). Also Beck and colleagues (2005)
reported that antibody response to periodontal pathogens was associated with
coronary heart disease, but, interestingly, they showed that clinical signs of
periodontal disease were not associated with coronary heart disease.

Immune response could contribute to the development of atherosclerosis
though heat shock proteins (HSPs) (De Nardin 2001), which have been found on
endothelial and smooth muscle cells in atheromatous and carotid plaques whereas
they have not been found in normal intima (Kleindienst et al. 1993). It has been
shown that HSPs stimulate an immune response at sites of vessel injury (Xu et al.
1993a, 1993b) and that the antibodies of bacterial HSPs may cross-react with
HSPs that have been exposed in an injured epithelium or atheromatous plaque
(Scannapieco & Genco 1999). Heat shock proteins enhance an immune response
by activating T-helper cells, which in turn increase the amount of proinflammatory
cytokines, which are believed to associate with atheroma formation through a
20



cell-mediated immune response. Heat shock proteins may also have an effect on
atheroma formation through the formation of immune complexes in situ (De
Nardin 2001).

2.1.3 Bacteraemia related to oral bacteria

There are two main pathways that connect bacterial infection to cardio- and
cerebrovascular events such as myocardial infarction or ischemic strokes,
respectively. These are thrombosis, which is often followed by acute bacterial
infections, and formation of atheromatous plaques, related to chronic forms of
infections (Valtonen 1999). Some studies lend support to the causal role of bacteria
by showing acute bacteraemia to associate with cardio- and cerebrovascular events
(Valtonen et al. 1993).

Earlier studies have suggested that Chlamydia pneumonia bacterium, a
Gram-negative respiratory pathogen, could be a causal factor in the aetiology of
atherosclerosis. The aetiological role of Chlamydia pneumonia is supported by
histopathological, immunohistochemical and polymerase chain reaction (PCR)
examination of atheromas, experimental studies on animals and non-experimental
observational epidemiological studies (Armitage 2000).

A part of the evidence for the aetiological role of Chlamydia Pneumonia
consists of findings that Chlamydia pneumonia bacteria have been found in
atheromatous plaques (Armitage 2002). In a similar manner, the presence of oral
bacteria in atheromatous plaques (Haraszthy et al. 2000, Padilla et al. 2006) could
be taken as evidence for a causal role of oral bacteria. The aetiological role of oral
bacteria in atherosclerotic vascular diseases is also supported by evidence from
epidemiological studies (Prasad et al. 2002, Beck et al. 2005, Pussinen et al.
2005), experimental animal studies (Li et al. 2002, Jain et al. 2003 Lalla et al.
2003, Gibson et al. 2004) and histological studies (Deshpande et al. 1998,
Kuramitsu et al. 2001).

Experimental studies on animals have shown that oral bacteria might
contribute to the development of atherosclerosis through atheroma formation.
These studies have demonstrated that inoculated periodontal pathogens accelerate
atheroma formation (Li et al. 2002, Jain et al. 2003, Lalla et al. 2003, Gibson et al.
2004). For example, Jain and colleagues (2003) demonstrated that experimental
periodontitis accelerates lipid accumulation in the aorta of rabbits. Using
apolipoprotein E-deficient (ApoE-deficient) mice, Li and colleagues (2002)
showed that the simultaneous presence of Porphyromas gingivalis infection and a
21



fat rich diet accelerated atheroma forming in aorta compared to a single risk of
either diet or infection.

Histological studies have shown that Porphyromas gingivalis might contribute
to the development of atherosclerosis. Deshpande and colleagues (1998) reported
that Porphyromas gingivalis is capable of invading endothelial cells. Since then it
has been shown that Porphyromas gingivalis is able to contribute to the
pathogenesis of cardiovascular diseases through several mechanisms. These
mechanisms include platelet aggregation (Hertzberg 2001) and stimulation of
attachment of macrophages, ability to convert LDL to its oxidised form and ability
to stimulate macrophages to foam cells (Kuramitsu et al. 2001). In addition,
Porphyromonas gingivalis might also play a role in plaque rupture through
bacterial induction of matrix metalloproteinase-9 (Kuramitsu et al. 2001).

2.1.4 Non-causal explanations

It is possible that the association between oral condition and atherosclerotic
vascular diseases is artificial due to random variation, bias related to the selection
of the study population or to the quality of information, and confounding. Random
variation is not a plausible explanation for consistent findings, since in the absence
of biases its overall effect diminishes when the number of studies increases.
Likewise, the likelihood of random variation decreases when the study size rises.
Biases, by contrast, do not disappear and their effect will not diminish with larger
study sizes. In fact, a large study might paradoxically produce more biased results
by producing narrower confidence intervals than a small study, possibly resulting
in erroneous conclusions. Hence, the consideration of the possible effect of biases
is important in any epidemiological study, and the existence of biases might make
it impossible to form causal inferences.

Selection bias is most likely to have an effect on study results and might
explain some of the variation in results between different types of studies; cohort
studies (Janket et al. 2003, Khader et al. 2004) have shown a weak or modest
association of periodontal infection with different forms of atherosclerotic
vascular diseases while certain case-control studies, such as studies by Persson and
colleagues (2003) and by Geerts and colleagues (2004), have shown a strong
association between periodontal infection and the history of acute myocardial
infarction and coronary artery disease, respectively. Selection bias might also
explain variation in results between individual studies, especially in case-control
22



studies, where the selection method of controls affects the magnitude of risk
estimates.

Information bias is related to detection, reporting, measurement and
classifications. One typical situation where information bias occurs is the
measurement or categorisation of variables. Misclassification can be either
differential or non-differential in nature, depending on whether the error is
dependent of other variables or not. Non-differential misclassification leads to bias
towards null while differential misclassification may lead in either direction. In
studies that examine the association of periodontal infection with atherosclerotic
vascular diseases, misclassification of periodontitis is a known problem (Beck &
Offenbacher 2002, 2005). This is related to the fact that diagnostic criteria and
operationalisation of periodontitis do not accurately discriminate the severity of
infection. To avoid this problem, researchers have started to use microbiological
and serological determinations for assessing the presence and/or severity of
periodontal infection.

Confounding might be a major obstacle in making causal inferences in studies
on the relation of oral infections to atherosclerotic vascular diseases (Hujoel et al.
2002b). In epidemiology, confounding refers to a situation where the categories
that are compared are different in relation to extraneous determinants.
Accordingly, a confounder in epidemiology is defined as ‘an extraneous
determinant of the outcome parameter in terms of which there is lack of
comparability of the effects and/or populations’ (Miettinen 1985, pp 321–322).
Poorly controlled confounders and uncontrolled confounders can cause error
leading to bias in either direction. The importance of handling confounders and the
effects of other study details can be observed by comparing the results of studies
that have used the same data base; for example, studies using the National Health
and Nutrition Examination Survey (NHANES) databases have yielded
inconsistent results on the association of periodontal infection with coronary heart
disease (DeStefano et al. 1993, Hujoel et al. 2000).

It has been suggested that the association between periodontal infections and
atherosclerotic vascular diseases could be spurious due to shared determinants
(Haynes & Stanford 2003). These determinants can be constitutional,
environmental or behavioural. Epidemiological studies do not normally include
information on constitutional factors, such as genetic factors for instance, which,
however, can have a confounding effect. Environmental factors are controlled in
most of studies by including socioeconomic status or place of residence, for
23



example, as covariates when the relation of oral infection to systemic diseases is
studied.

It has been suggested that the associations are due to uncontrolled
confounding related to health behaviour (Hujoel 2002, Hujoel et al. 2002b,
Tuominen et al. 2003) and health awareness (Hujoel 2002). These suggestions
comply with the explanation that was suggested earlier by Loesche and Lopatin
(1998) as one mechanism through which oral infection is linked with
cardiovascular diseases. According to their explanation, an unhealthy life-style
causes an accumulation of different health risks and thus leads to artificial
associations between different behaviour-related diseases.

Besides an accumulation of different health habits, it is possible that even a
single health habit can cause spurious associations between general and dental
health. Probably one of the most important confounders in this context is smoking,
since it is related to a variety of diseases including different cancers, respiratory
diseases, cardiovascular diseases and periodontitis. Previous studies have shown
that the strength of the association between periodontal diseases and
cardiovascular diseases differs between those who smoke and those who have
never smoked (Hujoel et al. 2002b, Hyman et al. 2002). This might be due to
effect modification or confounding. Smoking might, on the one hand, modify the
effect of periodontal diseases on atherosclerotic vascular diseases (Hyman et al.
2002), and on the other hand, substantial confounding is most likely related to the
measurement and operationalisation of smoking habits (Scott et al. 2001, Hujoel et
al. 2002b, Spiekerman et al. 2003). In addition, health habits other than smoking
may cause non-causal associations due to their relation to various diseases. For
example, nutritional habits are connected with cardiovascular diseases, diabetes,
and dental caries; abundant alcohol consumption has a detrimental effect not only
on general health but also on oral health in the form of increased occurrence of
mucosal lesions and oral cancer.

Confounding is most often controlled for by using multivariate models, but
successful controlling depends on the operationalisation and measurement of
confounders. An additional method to control confounding is to restrict the study
to a homogeneous study population, which may eliminate a substantial part of
confounding related to socioeconomic factors, health behaviour or health
awareness, for example. It is worth noting that existing evidence on the relation
between periodontitis and cardiovascular diseases is to large extent based on
studies that consist of a heterogeneous study population. By contrast, studies
consisting of a homogeneous study population, such as a health professional study
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(Joshipura et al. 1996) or male physician study (Howell et al. 2001) have shown
essentially weaker associations of periodontal infection with cardiovascular
diseases than studies consisting of heterogeneous study populations.

2.2 Conclusions of earlier studies and implication of previous 
research for this study

The association between oral infections and atherosclerotic vascular diseases has
been shown in numerous studies. Most of these studies have shown a weak or
moderate association between periodontal infections and atherosclerotic vascular
diseases. However, the nature of this association is not known; it may be due to the
biological effect of oral infections on initiation or progress of atherosclerosis, or it
may be due to the changes in behaviour, especially diet, that are secondary to
dental diseases, or it may be non-causal due to determinants in common.
Methodological shortcomings, inconsistent results and even different results from
the same databases give rise to concern about the quality of the studies.

The uncertainty of the nature of the association between oral condition and
cardiovascular diseases warrants further studies where the nature of the association
can be studied. The most important advantage of this study compared to several
other studies is that these data make it possible to test the hypothesis whether
dental conditions are causally associated with cardiovascular diseases through
mechanisms related to infection or inflammation. The fact that the cohort members
are homogeneous in relation to age and ethnic origin is also an important point,
which made it possible to avoid confounding that can be otherwise difficult to
handle. To some extent, these data also offered the opportunity to test alternative
explanations, i.e. situations where the association could be due to shared
determinants.

The structure of the schematic model describing the associations between the
potential determinants of oral diseases and cardiovascular diseases and their
mutual association is presented in Figure 1. The highlighted associations were the
objectives of this thesis.
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Fig. 1. Schematic structure of the association between oral diseases and atheroscle-
rotic vascular diseases and their potential determinants.
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vascular diseases 

Obesity Inflammatory condition,   
Systemic diseases 

Behavioural 
factors 

Socioeconomic 
factors 

 
Psychosocial and socioeconomic 
                  factors 
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3 Aims of the study
The general aim of this study was to produce evidence on the nature of the
association of dental diseases with atherosclerotic vascular diseases. To obtain
this, studies that were included in this thesis had specific aims, which were to
produce evidence on the:

– association of self-reported gingivitis, tooth loss and dental caries with
diagnosed angina pectoris, with special reference to biological and non-
biological explanations (I);

– association of these self-reported dental diseases with CRP, with special
reference to other determinants of CRP (II);

– determinants of dental and general health behaviours (III, IV);

– and associations of health behaviour with dental health and risk factors of
atherosclerotic vascular diseases (IV);

– and confounding as a source of spurious associations (V).
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4 Subjects and methods

4.1 Subjects

The Northern Finland 1966 Birth Cohort is an unselected general population birth
cohort. The cohort includes 96.3% of all live births (N=12,058) in the provinces of
Lapland and Oulu, whose expected date of birth was in 1966 (Rantakallio 1988).
The formation of the study population in this study is presented in Figures 1 and 2.

Fig. 2. Formation of the study population for the 31-year follow-up of 1966 birth cohort.

This study was based on data collected in 1997–1998, when the cohort members
had reached 31 years of age. The respondents were asked through a postal
questionnaire about their general health and oral health, use of health services,
nutrition, and health behaviours, such as smoking, drinking and amount of
physical exercise, for example. Those who lived in Northern Finland or the
Helsinki metropolitan area were also invited to clinical health examination (N =
8,463).
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unknown 
N=96 
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Fig. 3. Participants of a clinical examination for the 31-year follow-up of the 1966 birth
cohort.

The number of eligible replies to the postal questionnaire was 8,690 and the
response rate was 75.3%. The participation rate in the clinical examination was
71.3% (N=6,033). Altogether, 5,696 subjects supplied the data, representing
67.3% of those who were invited to the clinical examination and 26 refused to
participate in the study after the clinical examinations. Two persons, whose
address was unknown to the researchers, responded to the questionnaire after all
and eight persons who were not originally invited to the clinical examination
participated in the clinical examination.

Informed, written consent was obtained from the cohort members. A research
plan for the 31-year follow-up of the cohort was reviewed and approved by the
Ethics Committee of the Faculty of Medicine, Oulu University.

4.2 Methods

4.2.1 Variables

Self-reported dental diseases and symptoms were determined using the following
questions: In your opinion, do your gums bleed when you brush your teeth?’ (No/
Yes) (gingivitis), ‘In your opinion, do you have caries in your teeth at the
moment?’(No/Yes) (dental caries), ‘In your opinion, do you have a tooth ache or
any other symptoms in your mouth at the moment?’ (No/Yes) (dental/oral pain).
Tooth loss was determined using a question on how many missing teeth the
respondent had (0, 1–5, 6–10, more than 10 but not all, all). The answers were
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classified into two categories according to the number of missing teeth: those who
had less than 6 teeth missing and those who had lost 6 teeth or more.

All other self-reported diseases were determined on the basis of the following
questions: ‘Have you ever had ‘disease in question’ diagnosed by a doctor?’

A sum variable for dental health behaviour was constructed using three
different items. It consisted of frequency of dental check-ups, at least once in two
years vs. less frequent, tooth brushing frequency, at least twice a day vs. more
rarely and use of sweets, chocolate or soft drinks more than twice a week vs. less.

The following questions were also used separately: tooth brushing (brushing
teeth at least twice a day), frequency of dental check-ups (dental check-up at least
once in two years) and use of sugar in tea and coffee.

A sum variable consisting of four different items was used to measure general
health behaviour. These were smoking vs. non-smoking, physical exercise more
than three times a week vs. less, consumption of vegetables at least three times a
week vs. less, non-use or moderate use of alcoholic beverages vs. binge drinking.
Where the amount of alcoholic beverages consumed was normally not more than
three portions of wine (16 cl) or beer (33 cl), or 3–4 portions of spirits (4 cl), the
respondents were classified as moderate users of alcohol. The estimated mean
alcohol intake was 5.0 grams a day in the group of moderate users and 17.1 grams
a day among binge drinkers.

The following questions were also used separately as covariates: physical
activity more than three times a week vs. less, consumption of vegetables at least
three times a week vs. less, non-use or moderate use of alcoholic beverages vs.
more abundant use of alcoholic beverages (binge drinkers), and smoking habits.
Smoking habits included the following categories: those who had never smoked,
occasional smokers, and daily smokers. The smokers were further classified on the
basis of the amount of tobacco smoked (pack-years).

Blood samples were taken after an overnight fast. Serum total cholesterol,
serum high density lipoprotein (HDL) and serum triglycerides were determined by
using standard enzymatic methods. High sensitive C-reactive protein levels were
quantified using a highly sensitive immunoensymometric assay. The respondent’s
waist circumference was measured midway between the lowest rib margin and the
iliac crest. Blood pressure was measured twice with a sphygmomanometer and the
result was expressed as the mean of these two measurements.

Classifications for atherosclerotic vascular risk factors were done on the basis
of the following criteria. Subjects with atherosclerotic vascular disease risk factors
consisted of those whose serum total cholesterol was >5.2 mmol/l (200 mg/dl),
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serum HDL-cholesterol <1.04 mmol/l (40 mg/dl), serum triglycerides >2.26
mmol/l (200 mg/dl), systolic blood pressure >140 mmHg, and diastolic blood
pressure >90 mmHg, body mass index (BMI) >25.0 kg/m2, and waist
circumference >102 cm among men and >89 cm among women (Smith et al. 2001,
Expert Panel on Detection, Evaluation, And Treatment of High Blood Cholesterol
In Adults (Adult Treatment Panel III)2000). The categorisation of CRP was based
on the scientific statement of by the American Heart Association and Centers for
Disease Control and Prevention (Pearson et al. 2002).

Optimism was measured using the revised version of the Life Orientation Test
(LOT-r) (Scheier et al. 1994), which is a measure of dispositional optimism
developed by Scheier and Carver (1985). This test has been translated into Finnish
by Härkäpää (Härkäpää 1995). It assesses individual differences in generalised
outcome expectancies, positive expectancies being associated with optimism and
negative ones with pessimism. In the test, the respondents were asked to rate how
well they agree with 6 items across a 5-point Likert-type scale ranging from 0
(strongly disagree) to 4 (strongly agree). Cronbach’s alpha was 0.78 in the study
sample. Test scores were classified into four categories based on distribution.

Life satisfaction was measured by means of a question: ‘Are you satisfied with
your life in general?’ The response alternatives were: ‘(1) very satisfied’, ‘(2) quite
satisfied’, ‘(3) quite dissatisfied’, ‘(4) very dissatisfied’ and ‘(5) don’t know’. The
‘don’t know’ replies were excluded from the results, and the responses of the
‘quite dissatisfied’ and ‘very dissatisfied’ were classed together as there were so
few of them.

Coping was assessed using the Ways of Coping Scale, developed by Lazarus
and Folkman (1984) and translated into Finnish by Kalimo and Vuori (1990).
Respondents reported a recent stressful event and then rated (on a 5-point scale) how
frequently they used 16 different coping responses. The answers were classified into
different coping dimensions, with the dimensions of active coping and passive
coping being used in this study. Active coping is defined as taking specific action to
deal directly with a situation while passive coping is defined as attempts to control
the stress-related emotions rather than the stressful situation itself. Cronbach's alpha
was 0.74 for active coping and 0.48 for passive coping.

Socioeconomic status (SES) was measured in terms of the respondent’s
educational level and income. The categories for the level of education were: college
or university level education, vocational education, only basic education
(comprehensive school) and those who had not completed their education. Income
was measured by means of gross income per adult member of family in Finnish
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marks. Income was categorised into 4 categories (0–49.999, 50,000–99,999,
100,000–19,999 and 200.00+). The characteristics of the study population are
presented in Tables 1 and 2.

Table 1. Characteristics of the members of the Northern Finland Birth Cohort 1966.

Characteristics Total 
population

Men Women

Health habits
Never-smokers (%)
Physical exercise at least 4 times a week (%)
Alcohol use more than 3–4 drinks at a time 
(binge drinking) (%)
Tooth brushing at least twice a day (%)
Dental check-ups once in 2 years (%)
Use of sugar in coffee or tea (%)
Use of vegetables at least three times a week (%)

 36.6
 48.2

 
44.0
 54.2
 68.7
 55.5
 56.7

32.2
42.3

63.1
39.5
56.0
49.5
45.5

40.5
53.7

26.4
67.6
80.4
60.7
66.9

Self-reported dental health
Self-reported caries (%)
Gingivitis (%)
Tooth loss 6 or more teeth (%)
Oral pain (%)

 35.2
 24.0

2.4
 16.4

41.3
27.2

3.1
15.3

29.7
21.1
1.7

17.5

General health
Body mass index 25 or over (%)
Diagnosed angina pectoris (%)
Diagnosed elevated blood pressure (%)

 36.6
1.7

 12.5

47.6
2.5

11.7

26.4
1.1

13.2

Laboratory tests*
Total cholesterol (mmol/l)
HDL-cholesterol (mmol/l)
Triglycerides (mmol/I)
C-reactive protein (mg/l)
C-reactive protein (mg/l) (median and interquartile range)
Leukocytes (109/l)

5.1 (1.0)
1.6 (0.4)
1.2 (0.7)
2.0 (3.8)

0.8 (0.4–1.9)
5.9 (1.7)

5.2 (1.0)
1.4 (0.3)
1.3 (0.9)
1.6 (3.3)

0.7 (0.3–1.5)
5.9 (1.7)

5.0 (1.0)
1.7 (0.4)
1.1 (0.6)
2.4 (4.1)

0.9 (0.4–2.4)
6.0 (1.7)

Psychosocial factors
Life satisfaction

Proportion of dissatisfied persons (%)
Proportion of very satisfied persons (%)

Optimism
Proportion of very optimistic persons (%)

9.2
21.6

24.3

11.5
19.3

23.4

 

7.1
23.7

25.2

Sociodemographic factors
Income: subjects in 2 highest income brackets (%)
Education: at least college level education (%)
Gender: proportion of males (%)

43.9
45.0
53.9

43.9
36.2
70.4

43.5
53.1
74.1

* Mean values and standard deviation if not otherwise stated. Mean values are based on the subsample of 
5,690 subjects.
33



Ta
bl

e 
2.

 C
ha

ra
ct

er
is

tic
s 

of
 th

e 
m

em
be

rs
 o

f t
he

 N
or

th
er

n 
Fi

nl
an

d 
B

ir
th

 C
oh

or
t 1

96
6 

ac
co

rd
in

g 
to

 th
e 

pr
es

en
ce

 o
f d

en
ta

l d
is

ea
se

s 
or

sy
m

pt
om

s.
 

C
ha

ra
ct

er
is

tic
s

G
in

gi
va

l 
bl

ee
di

ng
N

o 
gi

ng
iv

al
 b

le
ed

in
g

(n
= 

20
16

) (
%

)
6 

+ 
m

is
si

ng
 te

et
h

(n
=6

38
5)

 (%
)

0-
5 

m
is

si
ng

 
te

et
h 

(%
)

S
el

f-r
ep

or
te

d 
ca

rie
s 

(%
)

N
o 

se
lf-

re
po

rte
d

ca
rie

s 
(%

)
Li

fe
st

yl
e 

fa
ct

or
s

N
ev

er
-s

m
ok

er
s 

(%
)

P
hy

si
ca

l a
ct

iv
ity

 a
t l

ea
st

 4
 ti

m
es

 a
 w

ee
k 

(%
)

A
lc

oh
ol

 u
se

 m
or

e 
th

an
 3

–4
 d

rin
ks

 a
t a

 ti
m

e
(b

in
ge

 d
rin

ki
ng

) (
%

)
To

ot
h 

br
us

hi
ng

 a
t l

ea
st

 tw
ic

e 
a 

da
y 

(%
)

D
en

ta
l c

he
ck

-u
ps

 o
nc

e 
in

 2
 y

ea
rs

 (%
)

U
se

 o
f s

ug
ar

 in
 c

of
fe

e 
or

 te
a 

(%
)

U
se

 o
f v

eg
et

ab
le

s 
at

 le
as

t t
hr

ee
 ti

m
es

 a
 w

ee
k 

(%
)

35
.0

42
.5

51
.2

39
.8

59
.8

51
.6

47
.8

37
.2

50
.1

41
.4

59
.1

71
.8

56
.6

59
.8

21
.8

33
.8

59
.8

31
.6

54
.1

57
.8

37
.0

37
.1

48
.6

43
.5

54
.8

70
.8

55
.4

57
.3

30
.4

43
.6

51
.8

43
.9

52
.6

48
.3

48
.3

40
.0

50
.9

39
.5

60
.0

77
.6

42
.6

61
.6

S
el

f-r
ep

or
te

d 
de

nt
al

 h
ea

lth
To

ot
h 

lo
ss

 6
 o

r m
or

e 
te

et
h 

(%
)

S
el

f-r
ep

or
te

d 
gi

ng
iv

iti
s 

(%
)

S
el

f-r
ep

or
te

d 
ca

rie
s 

(%
)

O
ra

l p
ai

n 
(%

)

3.
1

49
.5

25
.2

2.
2

30
.5

13
.6

31
.0

51
.5

20
.8

23
.8

34
.9

16
.3

3.
5

33
.9

28
.1

1.
8

18
.6

10
.1

C
V

D
 ri

sk
 fa

ct
or

s
B

od
y 

m
as

s 
in

de
x 

25
 o

r o
ve

r (
%

)
D

ia
gn

os
ed

 a
ng

in
a 

pe
ct

or
is

 (%
)

D
ia

gn
os

ed
 e

le
va

te
d 

bl
oo

d 
pr

es
su

re
 (%

)

43
.1 2.
6

14
.1

34
.4 1.
4

12
.1

42
.1 4.
5

20
.5

36
.5 1.
7

12
.3

41
.6 2.
5

13
.1

33
.8 1.
3

12
.3

La
bo

ra
to

ry
 te

st
s*

To
ta

l c
ho

le
st

er
ol

 (m
m

ol
/l)

H
D

L-
ch

ol
es

te
ro

l (
m

m
ol

/l)
Tr

ig
ly

ce
rid

es
 (m

m
ol

/I)
C

-r
ea

ct
iv

e 
pr

ot
ei

n 
(m

g/
l)

C
-r

ea
ct

iv
e 

pr
ot

ei
n 

(m
g/

l) 
(m

ed
ia

n)
Le

uk
oc

yt
es

 (1
09 /

l)

5.
1

1.
5

1.
3

2.
2

0.
8

6.
0

5.
1

1.
6

1.
2

2.
0

0.
9

5.
9

5.
2

1.
5

1.
3

2.
0

0.
7

6.
2

5.
1

1.
6

1.
2

2.
0

1.
0

5.
9

5.
1

1.
5

1.
3

2.
1

0.
7

6.
1

5.
1

1.
6

1.
2

2.
0

0.
8

5.
8

P
sy

ch
os

oc
ia

l f
ac

to
rs

Li
fe

 s
at

is
fa

ct
io

n
P

ro
po

rti
on

 o
f d

is
sa

tis
fie

d 
pe

rs
on

s 
(%

)
P

ro
po

rti
on

 o
f v

er
y 

sa
tis

fie
d 

pe
rs

on
s 

(%
)

O
pt

im
is

m
P

ro
po

rti
on

 o
f v

er
y 

op
tim

is
tic

 p
er

so
ns

 (%
)

12
.6

18
.1

18
.4

  8
.2

22
.9

26
.3

15
.5

18
.5

17
.0

 9
.0

21
.9

24
.7

11
.6

18
.4

20
.1

  7
.9

23
.6

26
.8

S
oc

io
de

m
og

ra
ph

ic
 fa

ct
or

s
In

co
m

e:
 s

ub
je

ct
s 

in
 2

 h
ig

he
st

 in
co

m
e 

br
ac

ke
ts

 (%
)

E
du

ca
tio

n:
 a

t l
ea

st
 c

ol
le

ge
 le

ve
l e

du
ca

tio
n 

(%
)

G
en

de
r: 

pr
op

or
tio

n 
of

 m
al

es
 (%

)

39
.7

38
.5

53
.9

45
.7

47
.6

45
.6

30
.9

25
.0

65
.2

44
.5

45
.8

73
.0

39
.8

37
.1

70
.4

46
.5

49
.8

74
.1

*M
ea

n 
va

lu
es

 if
 n

ot
 o

th
er

w
is

e 
st

at
ed

. M
ea

ns
 a

re
 b

as
ed

 o
n 

th
e 

su
bs

am
pl

e 
of

 5
,6

90
 s

ub
je

ct
s.
34



4.2.2 Statistical methods

Generalised linear regressions models with an identity link function were used in
this study when the outcome variables followed approximately normal
distribution. The risk estimates, odds ratios, in the case of the binomial outcome
were estimated by using logistic regression models when the outcome variable was
not common. Where there were common outcomes, adjusted prevalence
proportion ratios were estimated using log-binomial regression models (Skov et al.
1998) and Poisson distribution with an unstructured correlation matrix (Zou et al.
2004), depending on whether the covariates included continuous variables or not.
To estimate the variation explained by determinants of CRP, general linear models
were used. To normalise the skewed distribution of CRP, a logarithmic
transformation of CRP was made before modelling. The selection of potential
confounders was based on previous knowledge.

The results are presented in the forms of appropriate risk estimates with 95%
confidence intervals (CI). The statistical analyses were carried out using the SAS
GENMOD and GLM procedures, versions 8.02 and 9.1 (SAS Institute Inc. SAS/
STAT®).
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5 Results

5.1  Association of self-reported gingivitis, dental caries and tooth 
loss with angina pectoris

Those who reported having gingivitis, dental caries or had lost 6 or more teeth had
odds of 1.5, 95% CI 1.0–2.2, 1.5, 95% CI 1.0–2.2, and 1.5, 95% CI 0.7–3.4 for
prevalent angina pectoris, respectively. To assess possible bias related to the
reporting of dental diseases, the data were narrowed down to all educational
classes other than the lowest one. The results showed that the risk estimates were
then higher than in the total cohort (Table 3). The stratified analyses showed that
risk estimates were higher among subjects in the higher educational classes than
subjects in the low educational classes (Table 3).

Among the group of never-smokers, the association between gingivitis and the
presence of angina pectoris did not essentially differ from that of the total cohort,
and the association of dental caries with angina pectoris was weaker among the
non-smokers than in the total cohort (Table 3). None of the subjects in the never-
smokers group had lost 6 or more teeth.

When the data were stratified according to gender, it was found that the
association between gingivitis and angina pectoris attenuated clearly among men
whereas that among women was stronger than in the total cohort. The association
between tooth loss and angina pectoris almost disappeared among women (Table
3). This finding was, however, based on a small number of cases.
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Table 3. Associations of self-reported gingivitis, dental caries and tooth loss with
presence of angina pectoris. Results of multivariate logistic regression analyses.

5.2 Association of self-reported gingivitis, dental caries, and tooth 
loss with C-reactive protein

When studying determinants for elevated levels of CRP (>3 mg/l), it was found
that BMI, gender and rheumatoid arthritis were the most powerful determinants
(Table 4). In the case of dental conditions, self-reported gingivitis and tooth loss
showed slightly elevated risk estimates for elevated levels of CRP, the adjusted
prevalence proportion ratios (PPR) being 1.1, 95% CI 1.0–1.3 and 1.1, 95% CI
0.7–1.7 respectively. Self-reported caries did not associate with elevated CRP
levels (PPR 1.0, 95% CI 0.9–1.2). 

Gingivitis 
OR (95% CI)*

Caries
OR (95% CI)*

Tooth loss
OR (95% CI)*

In total cohort 1.5 (1.0–2.2) 1.5 (1.0–2.2) 1.5 (0.7–3.4) 

Cohort excl. lowest educational group 1.9 (1.3–2.9) 1.7 (1.2–2.6) 1.8 (0.7–4.6) 

Stratified analyses
Gender

Men
Women

1.1 (0.7–1.7)
3.5 (1.8–6.8)

1.5 (0.9–2.3)
1.6 (0.8–3.1)

1.5 (0.6–3.7)
1.1 (0.1–8.3)

Smoking habits
Smokers†

Never-smokers
1.5 (1.0–2.3)
1.6 (0.7–3.7)

1.6 (1.1–2.5)
1.1 (0.5–2.6)

1.8 (0.8–4.1)
–

 Socioeconomic status (SES)
Those of low education‡

Those of high education§ 
1.3 (0.9–2.1)
2.1 (1.0–4.4)

1.3 (0.8–1.9)
2.5 (1.2–5.2)

1.1 (0.4–2.9)
6.2 (1.4–7.8)

*OR, adjusted odds ratios; 95% CI, 95% confidence intervals. Odds ratios are adjusted for gender, 
income, education, smoking, blood pressure, body mass index, optimism, life satisfaction and self-
reported dental diseases other than the disease in question.
†Current and past smokers.
‡Vocational education, comprehensive school only, and those who had not completed education.
§University or other tertiary level education.
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Table 4. Factors associated with elevated CRP levels (>3 mg/l). Adjusted prevalence
proportion ratios (PPR) and their 95% confidence intervals (95% CI).

Variation explained by self-reported gingivitis and tooth loss was small; together it
accounted for less than 1% of the overall explained variation in CRP (Figure 4).
The proportion explained by self-reported dental diseases did not essentially
change when dental caries was included: the proportion of variation explained by
these self-reported dental diseases including dental caries was also less than 1%.
The results showed that gender, BMI and triglycerides accounted about 90% of the
explained variation in CRP levels (Figure 4). The proportion of the variation
explained by the model was 11.5%. 

Factor PPR 95% CI

Gender (Female vs. male) 2.3 2.0–2.7

Gingivitis (Yes vs. No) 1.1 1.0–1.3

Tooth loss 6 or more teeth vs. 0–5 teeth 1.1 0.7–1.7

Dental caries 1.0 0.9–1.2

Elevated blood pressure (Yes vs. No) 1.0 0.8–1.2

Angina pectoris (Yes vs. No) 1.6 1.0–2.4

Diabetes (Yes vs. No) 1.3 0.8–2.0

Rheumatoid arthritis (Yes vs. No) 2.3 1.5–3.4

Body mass index
20 or less
20.01–23.00
23.01–25.00
25.01–27.00
27.01–

1.0
1.3
1.4
2.3
3.3

1.0–1.8
1.0–2.0
1.6–3.2
2.4–4.5

Total cholesterol ((5.2 mmol or more vs. less) 1.1 0.9–1.2

HDL cholesterol (1.04 mmol or less vs. more) 1.3 1.0–1.6

Triglycerides (2.26 mmol or more vs. less) 1.3 1.0–1.6

Physical exercise (<4 times/ week vs. >= 4 times / week) 1.1 0.9–1.2

Use of vegetables (<3 times/ week vs. >= 3 times / week) 1.0 0.9–1.2

Alcohol use
Non-users
Binge drinkers 
Moderate users

1.0
0.9
0.8

0.7–1.1
0.7–1.1

Smoking
Never smokers
Irregular smokers
0–5 pack-years
6–10 pack-years
11 or more pack-years

1.0 
0.9
0.9
1.0
1.3

0.7–1.1
0.8–1.1
0.8–1.3
1.0–1.6

Adjusted for other variables presented in the table.
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Fig. 4. The proportion of variation explained by different determinants of CRP in the
regression model.

5.3 Association between dental health and cardiovascular risk 
factors

Table 5 shows that those with self-reported dental diseases had more unfavourable
serum cholesterol and triglycerides levels. Those who reported having dental
diseases had more often BMI 25 or higher and diagnosed hypertension compared
with dentally healthy counterparts.
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Table 5. The proportion of subjects having selected cardiovascular risk factors
according to self-reported dental diseases.

5.4 Associations of health habits with dental diseases and 
cardiovascular risk factors

The health habit sum variables (dental health habit sum variable: tooth brushing,
dental check-ups and use of sweets, chocolate or soft drinks; general health habits
sum variable: smoking, alcohol consumption, use of vegetables of fruits and phys-
ical activity) were cross-tabulated with dental diseases and cardiovascular risk fac-
tors (Tables 6 and 7). Cross-tabulations showed that dental health habits were
almost as strongly associated with prevalent hypertension, hyperlipidemia, hyperc-
holesterolemia and obesity as general health habits. The results also showed that
general health habits associated with the presence of self-reported gingivitis, den-
tal caries and tooth loss.

Self-reported 
dental diseases

Cardiovascular risk factors

Serum HDL 
cholesterol 

<1.04 mmol/l 
%

Serum total
cholesterol
>5.2 mmol/l 

%

Serum
triglycerides
>2.26 mmol/l 

%

BMI
>25.0
kg/m2

%

Diagnosed
hypertension

%

Dental caries
Yes
No

7.3
5.1

42.3
39.9

9.4
6.3

42.7
37.8

13.1
12.3

Tooth loss
Yes
No

12.5
5.7

41.2
40.8

8.1
7.4

42.8
39.5

20.5
12.3

Gingivitis
Yes
No

6.2
5.7

42.5
40.1

8.6
7.0

45.0
37.7

14.1
12.1
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Table 6. Proportion of subjects with dental diseases according to dental and general
health habits.

Factor Tooth loss (6 or 
more lost teeth)

Self-reported 
caries

Self-reported 
gingivitis

Dental 
pain

n % n % n % n %

Dental health habits (number of good habits)*

0 25 9 159 59 110 41 69 26

1 59 3 924 53 578 34 346 20

2 72 2 1149 35 803 25 540 17

3 34 1 591 21 430 15 357 13

Pearson Chi-Square -test <0.001 <0.001 <0.001 <0.001

General health habits (number of good habits)†

0 59 6 513 52 328 34 203 21

1 58 3 778 42 515 28 319 17

2 42 2 815 34 573 24 398 17

3 28 1 546 28 383 20 302 15

4 8 1 203 24 143 17 105 12

Pearson Chi-Square -test <0.001 <0.001 <0.001 <0.001

*Dental health habits consist of frequent dental check-ups, tooth brushing twice a day, use of sweets, 
chocolate and soft drinks not more than twise a week.
†General health habits consist of non-smoking, not more than moderate alcohol use, physical activity, 
healthy diet (use of vegetables).
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5.5 Determinants of general and oral health behaviours

The number of questions directly related to dental health behaviour was limited in
this study. The following forms of dental health habits were asked: frequency of
dental check-ups and tooth brushing frequency. Overall, dental health behaviour
was more favourable among women than among men. For example, women went
for dental check-ups more often than men did (80% vs. 56%) and they were more
likely to brush their teeth twice a day than men were (68% vs. 39%).

An association was found between socioeconomic factors and dental health
behaviour. For example, respondents with an educational level of at least
matriculation examination level had dental check-ups more frequently than those
with basic education only (73% vs. 66%). Also, tooth brushing frequency and
avoidance of sugar were related to educational level (68% vs. 44% and 60% vs.
52% for respondents with an educational level of at least matriculation
examination vs. those without, respectively).

Both dental and general health behaviours were associated not only with
socioeconomic but also with psychosocial factors (Tables 8 and 9). The strength of
the association between psychosocial factors, optimism and life satisfaction and
health behaviours was of about the same magnitude as in the case of
socioeconomic factors. There were no consistent interactions between principal
explanatory variables, optimism and life satisfaction, and other determinants. The
only statistically significant product terms (p≤0.05) were those between gender
and life satisfaction (p=0.04) in relation to dental health behaviour and those
between income and optimism (p=0.04) in relation to general health behaviour.
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Table 8. Determinants of dental health behaviour*.

Factor Men Women

Estimate†

(95% CI)
P-value Estimate†

(95% CI)
P-value

Education
Unclassified‡

Tertiary education 
Comprehensive school education (9yrs)
Vocational education

0.01(-0.13–0.10)
0.63 (0.55–0.72)
0.38 (0.25–0.51)

0.00

0.8440
<.0001
<.0001

 
0.08 (0.00–0.17)
0.11 (0.05–0.18)
0.07(-0.17–0.02)

 0.00

0.0459
0.0008
0.1380

Income
IV (highest bracket)
III
II
I (lowest bracket)

 0.11(-0.07–0.29)
 0.03(-0.09–0.15)
 -0.05(-0.17–0.07)

 0.00

0.2129
0.6348
0.3960

0.21 (0.08–0.34)
0.19 (0.11–0.27)
0.08(-0.00–0.16)

 0.00

0.0011
<.0001
0.0642

Optimism (LOT-scores)
20–24
17–19
14–16

0–13

0.32 (0.21–0.44)
0.21 (0.10–0.32)
0.08(-0.03–0.19)

 0.00

<.0001
0.0001
0.1331

0.17 (0.10–0.25)
0.17 (0.10–0.24)
0.08 (0.00–0.15)

 0.00

<.0001
<.0001
0.0412

Life satisfaction
Very satisfied
Quite satisfied
Dissatisfied

0.42 (0.28–0.57)
0.15 (0.02–0.27)

 0.00

0.0001
0.0190

0.17 (0.06–0.28)
0.14 (0.04–0.24)

0.00

0.0027
0.0071

Marital status
Married or cohabiting
Other

-0.03(-0.12–0.05)
0.00

0.4723 -0.06(-0.12–0.00)
0.00

0.0616

Estimates and 95% confidence intervals (95% CI) based on multivariate linear regression models.
Stratified according to gender. 
*Dental health behaviour consists of frequent dental check-ups, tooth brushing twice a day, use of sweets,
chocolate and soft drinks not more than twise a week.
†The estimates are beta-estimates, where a positive estimate indicates a positive association and a
negative estimate indicates an inverse association. 
‡ Includes those who had not completed their education.
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Table 9. Determinants of general health behaviour*.

5.6 Effect of confounding and misclassification

A simulation study was carried out to illustrate the effect of uncontrolled con-
founding. Data were generated in such a manner that there was no association
between the explanatory variables and outcome variables other than through two
factors in common.

The simulations showed that where there is uncontrolled confounding (one or
two uncontrolled confounders), biased estimates were generated (Table 10). The
estimates obtained from a fully controlled model or estimates obtained by
stratification, instead, were not essentially biased.

Factor Men Women

Estimate†

(95% CI)
P-value Estimate†

(95% CI)
P-value

Education
Unclassified‡

Tertiary education
Comprehensive school education (9 yrs)
Vocational education

0.16 (0.06–0.27)
0.21 (0.14–0.27)

-0.14(-0.23–0.05)
0.00

0.0013
<.0001
0.0017

0.13 (0.02–0.25)
0.36 (0.27–0.45)

 -0.18(-0.31–0.04)
0.00

0.0228
<.0001
0.0090

Income 
IV (highest bracket)
III
II
I (lowest bracket)

0.24 (0.10–0.38)
0.14 (0.04–0.23)
0.01(-0.08–0.10)

0.00

0.0006
0.0035
0.7846

0.24 (0.06–0.42)
0.17 (0.05–0.28)
0.11(-0.00–0.22)

0.00

0.0086
0.0041
0.0583

Optimism (LOT-scores)
20–24
17–19
14–16

0–13

0.20 (0.11–0.29)
0.17 (0.08–0.25)
0.12 (0.04–0.20)

 0.00

<.0001
<.0001
0.0038

0.40 (0.30–0.51)
0.26 (0.16–0.36)
0.17 (0.06–0.27)

 0.00

<.0001
<.0001
0.0017

Life satisfaction
Very satisfied
Quite satisfied
Dissatisfied

0.21 (0.10–0.32)
0.08(-0.02–0.17)

0.00

0.0003
0.1193

0.26 (0.10–0.41)
0.12(-0.02–0.26)

0.00

0.0012
0.1010

Marital status
Married or cohabiting 
Other

 0.04 (-0.02–0.10)
 0.00

0.2206 0.16 (0.07–0.24)
0.00

0.0002

Estimates and 95% confidence intervals (95% CI) based on multivariate linear regression models. Stratified 
according to gender.
*General health behaviour consists of non-smoking, not more than moderate alcohol use, physical activity, 
healthy diet (use of vegetables)
†The estimates are beta-estimates, where a positive estimate indicates a positive association and a 
negative estimate indicates an inverse association. 
‡Includes those who had not completed their education.
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Table 10. Associations between explanatory variables and outcome variable,
proportions, odds ratios and their 95% confidence intervals (CI)*.

Variation in these simulation models was generated by a 10% random misclassifi-
cation in the variables. The results also showed that this 10% misclassification
resulted in large variation in the estimates. The distributions of the estimates are
presented in Figure 5. The upper figure also illustrates the effect of confounding.

Explanatory variable Proportion
 (%)

Cardiovascular disease
Odds ratios (95% CI)†

No controlling
Periodontitis
Confounder 1
Confounder 2

29.9
50.0
30.0

2.17 (1.94–2.43)
3.81 (3.36–4.32)
3.62 (3.23–4.05)

Incomplete controlling (one confounder is controlled)
Periodontitis
Confounder 1

29.9
50.0

1.56 (1.38–1.75)
3.38 (2.97–3.86)

Complete controlling (both confounders are controlled)
Periodontitis
Confounder 1
Confounder 2

29.9
50.0
30.0

0.99 (0.87–1.13)
4.13 (3.61–4.74)
3.94 (3.47–4.46)

*Reference category: no disease or no risk.
†Mean value of the 1,000 simulations. 
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Fig. 5. Distribution of odds ratios (OR). Distribution of biased estimates (missing
confounder) presented in the upper figure; distribution of unconfounded estimates
visible in the lower figure.
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6 Discussion
This study showed that self-reported tooth loss, gingivitis, and dental caries were
associated with prevalent angina pectoris as well as with cardiovascular risk
factors. In addition, it was found that dental health behaviour was associated with
dental health and CVD risk factors and that dental and general health behaviour
had determinants in common.

There are several facts that support the interpretation that the association
between an oral condition and prevalent cardiovascular diseases is not necessarily
causal. The most important is an unexpected discrepancy in the findings of paper I
and II; the results of paper I showed an association between dental diseases and
prevalent angina pectoris whereas the results of paper II showed a weak and not
statistically significant one between the same dental diseases and CRP levels. This
discrepancy does not support the conception that oral diseases have an effect on
atherosclerosis through mechanisms related to infection or inflammation, as it has
been suggested. In addition, there were differences in most person characteristics
between the subjects with and without dental diseases, which indicates the
possibility of confounding.

The alternative, non-causal explanation was also supported by the observation
that while dental health behaviour was associated with the presence of dental
diseases, it also associated with the existence of cardiovascular risk factors.
Furthermore, some evidence was found which supports the conception that these
forms of health behaviours were determined by socioeconomic factors and
psychological characteristics in common.

In the following, the findings of this study are discussed in relation to the
results of earlier studies and possible biological mechanisms, with special
reference to mechanisms related to the findings of this study. In addition, the
findings are also discussed with reference to alternative explanations. Finally, the
study design and the variables and measurements used in the study are discussed.

6.1 Possible biological mechanisms

In this study, self-reported gingivitis, tooth loss and dental caries were associated
with diagnosed angina pectoris. The strength of the overall associations, showing a
risk increase of about 50%, was higher than the results of recent meta-analyses,
which showed a 10–20% increased risk of coronary heart disease in subjects with
periodontal diseases (Janket et al. 2003, Khader et al. 2004). The strength of the
49



associations of these dental diseases with the presence of angina pectoris was
greater when the analyses were limited to women and subjects belonging to a high
socioeconomic status. This suggests that association of self-reported dental
diseases with the presence of angina pectoris was not due to bias related to
reporting, since misclassification is most likely to be smaller among people
belonging to a high SES and possibly also among women than amongst those of
low SES and among men.

Previous research has suggested several biological mechanisms through which
periodontal infection could cause atherosclerotic vascular diseases. They include
the effects of endotoxins, the effect of heat shock proteins, perturbations in lipid
composition induced by infections, and formation of acute phase reactants
(Armitage 2000). One of the acute phase reactants is CRP, which is also a sensitive
marker of infection and inflammation. In order to test the hypothesis that oral
diseases have an effect on atherosclerosis through processes related to infection
and inflammation, the association between self-reported dental diseases and CRP
levels were studied. The results of this study showed that self-reported gingivitis
and tooth loss were only weakly associated with CRP levels, risk estimates, PPR
for elevated levels of CRP (>3 mg/l) were PPR 1.1 for self-reported gingivitis and
1.1 for tooth loss.

The results of this study concord poorly with the results of earlier non-
experimental observational studies, which have shown higher CRP levels among
those who suffer from periodontal infections such as gingivitis (Wu et al. 2000),
periodontitis (Ebersole et al. 1997, Fredriksson et al.1999, Noack et al. 2001,
Buhlin et al. 2003) or who have lost teeth (Joshipura et al. 2004) than among
subjects who do not have gingivitis or periodontitis, and among subjects who have
not lost teeth, respectively.

Besides infections, CRP is also determined by factors such as stress,
inflammatory diseases, smoking, unhealthy diet, obesity and lack of physical
exercise (Labarrere & Zaloga 2004). In this study, less than 1% of the explained
variation in CRP was due to gingivitis and tooth loss, while the most important
determinants were obesity, lipid composition and gender. The results indicate that
an inflammatory response caused by dental diseases had a minor effect compared
to the effect of established cardiovascular risk factors. This coincides with the
results of Miller and colleagues (2005) and Yusuf and colleagues (2004), who
showed that elevated CRP levels are for the most part determined by classical
cardiovascular risk factors. On the other hand, using the same database (NHANES
III) as Miller and colleagues, Slade and colleagues (2003) demonstrated that
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periodontal infection was an important determinant of CRP levels. However,
neither Miller and colleagues (2005) nor Yusuf and colleagues (2004) studied the
role of periodontal infections in that context, while Slade and colleagues (2003)
did not control for certain classical cardiovascular risk factors, such as
hypertension, cholesterol levels and diabetes.

About 11.5% of the variance in CRP levels was explained by a model that
comprised several potential determinants for CRP. This quite limited ability to
explain the variance in CRP corresponds quite well with the proportion of
explained variance (9%) in the models of Slade and colleagues (Slade et al. 2003),
but is smaller than in the study by Raitakari and colleagues (2005), for example.
The low proportion of explained variance indicated that there is a certain degree of
uncertainty about the relative importance of different risk factors. In addition,
other important factors may exist, such as genetic predisposition, for example, that
account for variation between individuals (Korman & Duff 2001, D’Aiuto et al.
2004).

Compared to observational non-experimental studies, intervention studies
give less biased results due to methodological advantages such as random
allocation, for example. Intervention studies have yielded divergent and partly
inconsistent results; for example, Mattila and colleagues (2002), Iwamato and
colleagues (2003), D’Aiuto and colleagues (2005), Montebugnoli and colleagues
(2005) and Yamazaki and colleagues (2005) found that periodontal treatment
reduces the levels of CRP. Also full mouth extraction (Taylor et al. 2005) and
replacing a periodontally compromised tooth with implants (Rahman et al. 2005)
have been reported to reduce CRP levels. On the other hand, a study by Ide and
colleagues (2003) found that periodontal treatment did not decrease CRP levels. A
meta-analysis consisting of randomised intervention studies came to the
conclusion that periodontal treatment had a small but statistically non-significant
effect on CRP levels (Ioannidou et al. 2006).

It was found in this study that dental caries was also associated with prevalent
angina pectoris. Previous research has suggested mechanisms through which
dental caries could be associated with cardiovascular diseases. One possible
biological explanation why dental caries was associated with the presence of
angina pectoris could be that bacteria such as Streptococcus sanguis in dental
plaque may play a role in the pathogenesis of atherosclerotic vascular diseases
(Herzberg & Weyer 1998). Another explanation why self-reported dental caries
was also associated with the presence of angina pectoris could be that dental caries
might coexist with gingivitis. A third explanation why the association between
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dental caries and prevalent angina pectoris is found is that they have determinants
in common, especially unhealthy diet, and therefore the association between dental
caries and cardiovascular diseases is not necessarily causal. A lack of any
association between dental caries and CRP levels in this study does not support
any biological explanation related to infection or inflammation between dental
caries and prevalent angina pectoris.

In this study, it was observed that those with diagnosed angina pectoris as well
as those who reported having gingivitis or tooth loss had higher levels of
triglycerides and lower levels of HDL, indicating more unfavourable lipid
composition than dentally healthy subjects. Overall, these observations concord
with earlier findings on the coexistence of periodontal infections and unfavourable
lipid composition (Cutler et al. 1999, Lösche et al. 2000, Katz et al. 2001, Buhlin
et al. 2003, Rufail et al. 2005). This observation concurs with several
epidemiological studies on the association between periodontal infection and
atherosclerotic vascular diseases, where differences in lipid composition between
subjects with cardiovascular diseases and healthy subjects could also be observed
(Mattila et al. 2000, Meurman et al. 2003, Persson et al. 2003, Geerts et al. 2004,
Cueto et al. 2005, Söder et al. 2005). One explanation for the coexistence of
unfavourable lipid composition and CVD is that atherosclerosis could result from
coaction between lipid dysfunction and infections. This explanation is supported
by evidence from experimental studies on animals; for example, Li and colleagues
(2002), Lalla and colleagues (2003) and Gibson and colleagues (2004), using
ApoE-deficient mice, showed that the presence of Porphyromonas gingivalis
infection is associated with accelerated atheroma formation. An alternative
explanation is that unfavourable lipid composition is a persistent confounder,
reflecting unhealthy behaviour or innate or acquired susceptibility, for instance.

The findings do not totally exclude the possibility of a biological explanation,
mediated through mechanisms associated with elevated levels of CRP, but the
results suggest that a systemic response caused by dental diseases is minuscule in
this population. However, a major reservation should be made, since the data in the
present study consist of young adults. This means that the results could have been
different with a population with a different prevalence in cardiovascular risk
factors or different severity of dental diseases.
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6.2 Confounding as an explanation

Confounding in the association between dental diseases and cardiovascular
diseases may be caused by constitutional, behavioural and socioeconomic factors,
and there is evidence that factors from each of those categories confound or
modify the relation of periodontal diseases to cardiovascular diseases (Beck et al.
1996, Kinane & Lowe 2000, Kornman & Duff 2001, Hujoel et al. 2002b, Hobdell
et al. 2003). Even in situations where confounders are controlled for, there might
exist residual confounding related to poor measurement and poor
operationalisation of confounders. In addition, confounding due to unmeasured
causes in common or confounding caused by incomplete controlling of
confounders may also exist. In this study, the effect of incomplete controlling of
confounders was demonstrated in the simulation study and with the aid of simple
algebraic examples (Paper V).

Besides confounding, other sources for bias exist, such as differences in
diagnosis, detection, reporting, misclassification and selection, for example. In the
following parts of the thesis the most important alternative explanations with
reference to this study are discussed.

6.2.1  Individual propensity, obesity and systemic diseases

It has been suggested that individual propensity to infectious or inflammatory
diseases could be one explanation for why periodontitis is associated with
cardiovascular diseases (Beck et al. 1996). This increased propensity might be
related to both behavioural and constitutional factors, such as genetic factors
(Kornman & Duff 2001). Normally, confounding caused by genetic factors cannot
be taken into account in epidemiological studies because genetic data are lacking,
which in turn is related to a lack of knowledge about relevant genetic factors.

Probably the most common systemic condition that potentially confounds the
relation of periodontitis to atherosclerotic vascular diseases is obesity, which is a
known risk factor for atherosclerotic vascular diseases (Pearson et al. 2003) and a
putative risk factor for periodontitis (Saito et al. 2001, Genco et al. 2005, Nishida
et al. 2005). Earlier studies have shown a discrepancy in results between studies
that have controlled obesity versus studies where obesity is not controlled. For
example, it can be seen in two recent meta-analyses (Janket et al. 2003, Khader et
al. 2004) that studies where obesity was not controlled (Genco et al. 1997,
Morrison et al.1999) showed higher risk estimates on average than studies where
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obesity was controlled. Whether high estimates can be attributed solely to the lack
of controlling obesity can be only speculated on, but the discrepancy in the risk
estimates raises concern about possible bias nevertheless.

Confounding related to obesity arises from two sources. Firstly, it depends on
how successfully obesity is operationalised, i.e. how good is the measure of
obesity in relation to body adipose tissue. Secondly, it depends on how the
measure is handled in the analyses. Earlier studies have shown that body mass
index is an accurate measure of obesity among young people, whereas among
older subjects obesity should be measured using other measures (Rimm et al.
1995). The results of Rimm and colleagues (1995) suggest that the measurement
of obesity using BMI is most likely not the primary source of residual confounding
in this study.

Adipose tissue raises CRP levels (Visser et al. 1999, Yudkin et al. 1999) by
excreting cytokines, which up-regulates CRP production in the hepatocytes
(Baumann & Gauldie 1994). A commonly used cut-off value for BMI is 25, which
is the threshold for being overweight. However, this does not mean that there are
no effects on CRP levels below this threshold value (Winston et al. 2002). Earlier
studies have shown that the association between BMI and CRP is strongly
correlated, being 0.6–0.7 (Guldiken et al. 2007, Piche et al. 2005), which suggests
that obesity could also be an important confounder in relation to CRP.

It has been noted earlier that diabetes (Libby 2002) and rheumatoid arthritis
patients (Wolfe et al. 1994, Wallberg-Jonsson et al. 1997) have a higher risk of
contracting atherosclerotic vascular diseases. Moreover, subjects with diabetes
(Grossi & Genco 1998) and with rheumatoid arthritis (Mercado et al. 2000,
Mercado et al. 2001) are more likely to have periodontitis and/or it is more severe
than in the case of subjects without these conditions. This implies that these
systemic diseases might confound the relation of oral infection to atherosclerotic
vascular diseases and possibly to CRP levels. In this study, it was found that
subjects with rheumatoid arthritis or diabetes had elevated levels of CRP, which,
based on knowledge of the inflammatory nature of these diseases, was not
unexpected. However, these are quite rare diseases in this age group, meaning that
their importance as confounders in this study, where the subjects consisted of
young adults, is probably minor.
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6.2.2 Behavioural factors

The results of the present study showed that both dental and general health
behaviours were associated with socioeconomic and psychosocial factors. Owing
to such determinants in common, a certain degree of unidimensionality of health
behaviours can be expected, and consequently, an interrelation between different
health habits is to be expected. This kind of interrelatedness in health behaviours
has been demonstrated previously by Payne and Locker (1996), Kawamura and
colleagues (2001), and Sakki and colleagues (1998).

Underlying factors in common explain why dental health behaviour was
associated both with the presence of dental diseases and cardiovascular risk
factors, and similarly, why general behaviour was associated with the presence of
dental diseases and cardiovascular risk factors. These findings are in accordance
with the findings of Sakki and colleagues, who earlier reported associations
between general health behaviour and a variety of oral diseases, including dental
caries (Sakki et al. 1994), periodontal infection (Sakki et al. 1995) and denture
stomatitis (Sakki et al. 1997), and who concluded that a positive health-oriented
lifestyle was an underlying factor. This type of interrelatedness also offers an
explanation as to why there were differences in almost all behavioural factors
between those who reported gingivitis, dental caries and tooth loss compared to
subjects who do not suffer from gingivitis or dental caries, and among subjects
who have not lost teeth, respectively.

However, the interrelations found between different health habits are not
especially high, meaning that individuals may possess both healthy and unhealthy
health habits. One explanation for these differences in health behaviour could be
personal preferences, but could also be due to dissimilarities in the diseases or
perceived threat of diseases. Since different health habits have been shown to be
interrelated (Laaksonen et al. 2002), it is understandable that associations between
dental diseases and a number of different systemic diseases also exist.
Interrelatedness between health behaviours could also provide an alternative or
complementary explanation for the findings that dental diseases associate with
atherosclerotic vascular diseases (Janket et al. 2003, Khader et al. 2004), with
obesity (Saito et al. 2001), with hypercholesterolemia (Katz et al. 2001) and with
hyperlipidemia (Cutler et al. 1999, Lösche et al. 2000) instead of or apart from
their possible biological mechanisms.

It is possible that certain behavioural factors, such as nutritional factors and
physical exercise, are related to dental diseases and cardiovascular diseases also
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through biological mechanisms apart from the interrelations in health behaviour
presented above. In this study, both diet and physical exercise were used as
covariates, but their effect on CRP levels was minor, suggesting that their role as
confounders in the association of dental diseases with CRP levels is small. It is
possible, of course, that the operationalisation of these variables might have been
incomplete, but their role as confounders is unlikely to be markedly more
pronounced than it is now, where a weak association with elevated CRP levels was
observed.

One of the most important behavioural factors in this context is smoking,
which is considered to be a causal factor for periodontitis (Borrell & Papapanou
2005) and for atherosclerotic vascular diseases. It therefore potentially confounds
the association between periodontal diseases and atherosclerotic vascular diseases
and it has previously been demonstrated that poor controlling for smoking can
produce spurious associations between diseases that are associated with smoking
(Hujoel et al. 2002b).

Previous studies suggest that proper adjustment for smoking is not feasible.
This is related to the fact that documentation on smoking is generally not complete
(Scott et al. 2001). Scott and colleagues (2001) noted that there are several factors
including cultural, psychological and cognitive factors which probably cause
underreporting of smoking. Studies that have compared serum cotinine
measurements with self-reported smoking data have found that self-reported
smoking underestimates current smoking (Vartiainen et al. 2002, Spiekerman et al.
2003). In addition, smoking history is difficult to conceptualise to a given purpose
(Miettinen 1985, p. 43, Hujoel et al. 2002b), which may also prevent accurate
controlling. Moreover, smoking is a factor that is associated with several forms of
health behaviour (Revicki et al. 1991, Thornton et al. 1994, Prättälä et al. 1994,
Laaksonen et al. 2002) as well as with socioeconomic status (Laaksonen et al.
2005). This implies that even accurate controlling – in terms of quantity and
quality – of smoking habits is not a guarantee against confounding.

The importance of controlling for smoking has earlier been demonstrated by
Hujoel, who reported that periodontitis associates with lung cancer (Hujoel et al.
2003) and chronic obstructive pulmonary diseases and associates inversely with
Parkinson’s disease, which is known to also associate inversely with smoking
(Hujoel et al. 2002b). Moreover, associations of periodontitis with total mortality
and tumours have been reported (Jansson et al. 2002, Söder et al. 2007).

Hyman and colleagues (2002) brought up an alternative explanation by
suggesting that smoking is a necessary cofactor in the relation of periodontitis to
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cardiovascular diseases. This means that periodontitis and smoking have a
synergistic effect on the development of atherosclerosis. In the case of smoking in
this study, no essential modification was detected which conflicts with the
conclusion of Hyman and co-workers. Smoking was unequally distributed among
the cohort members in terms of those who had gingivitis vs. those who did not and
those who had lost 6 or more teeth vs. those who had lost less. Among the never
smokers, it was found that the strength of the association of gingivitis with angina
pectoris was about the same as in the total cohort. This was an unexpected result
since it is contradictory to the findings of Hujoel and colleagues, which suggest
that associations are spurious due to confounding related especially to smoking
(Hujoel et al. 2002b). 

6.2.3 Psychosocial factors

This study showed that psychosocial factors such as optimism and life satisfaction
were associated with both dental health behaviour and general health behaviour,
causing interrelatedness of different forms of health behaviours. This
interrelatedness of health habits causes artificial associations between different
diseases, especially in the case of diseases where health behaviour plays an
essential role.

The findings that optimism and life satisfaction associate with good health
behaviour correspond with previous research results in the area of general health,
where both factors are linked to good health behaviour. This could be explained by
the fact that optimism and satisfaction with life are associated with other
psychosocial resources or other favourable characteristics. It has previously been
found that optimism is associated with active coping (Nes & Segerstrom 2006).
This was also the case in the present study. Previous studies have also shown that
optimists have an improved capacity to handle stress (Oginska-Bulik 2005, Huan
et al. 2006). The importance of optimism is also supported by the fact that several
earlier studies have shown that the lack of psychological resources could be
understood as a health risk, since pessimism and the lack of optimism have been
found to have a number of detrimental effects on health (Peterson et al. 1988,
Scheier et al. 1986; Lin & Peterson 1990). 

Optimism and life satisfaction may also reflect unmeasured aspects of health
cognitions or health awareness, or the capacity for healthy behaviour. This study
showed an association with active coping, but earlier research has shown that
optimism associates with a variety of healthy behaviours as well as other health
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related characteristics, such as self-efficacy, for example (Schwarzer 1994). Self-
efficacy is probably one of the most important characteristics associated with
optimism, since it has been found to be a good predictor for a variety of health
outcomes (Holden 1991, Gillis 1993), including dental behaviour (Syrjälä et al.
1999, Syrjälä et al. 2001, Syrjälä et al. 2004). 

The concept of life satisfaction is not specific; it refers to a multitude of
aspects of wellbeing. It is therefore not surprising that it has been found to
correlate with the end-points of wellbeing, such as psychological morbidity
(Koivumaa-Honkanen, 1998) and even suicide mortality (Koivumaa-Honkanen et
al. 2000). In addition, it has been found to associate with a strong sense of
coherence, which in turn is associated with a range of health outcomes
(Antonovsky 1993). 

Recent knowledge provides a number of explanations for the mechanism
through which the effect of psychosocial factors may be mediated. Psychosocial
factors might play an aetiological role in the pathogenesis of the diseases or in the
pain experience through changes in the endocrine system or immune
dysregulation. An alternative explanation is that psychosocial factors might
predispose people to unhealthy behaviours (Kiecolt-Glaser et al. 2002). The
results in this study indicate towards the latter mechanism, provided there was no
substantial bias related to reporting. On the other hand, one possible explanation
for the association is that certain personality traits may predispose people to see
themselves as healthy or unhealthy (Kiecolt-Glaser et al. 2002). 

The existence of biological mechanisms is supported by findings where
optimism has been found to associate with better immunological functions
(Segerstrom et al. 1998, Brennan & Charnetski 2000, Costello et al. 2000), and a
lack of optimism to associate with less effective cellular (Kamen-Siegel et al.
1991) and humoral (Brennan & Charnetski 2000) immunity. Evidence on an
association between life satisfaction and health also exists, possibly through other
mediating mechanisms, such as a sense of coherence, which is known to be closely
linked with various health outcomes (Antonovsky 1993). With reference to dental
diseases, the role of a biological mechanism in psychosocial factors is presumably
minimal, because there is a strong behavioural component in dental diseases. 

6.2.4 Socioeconomic status

According to results by Hobdell and colleagues, the effect of socioeconomic status
(SES) is the strongest on periodontal diseases, followed by dental caries and oral
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cancer when these diseases are compared (Hobdell et al. 2003). Hobdell and
colleagues estimated that SES alone accounts for about half of the variation in the
prevalence of periodontitis between the ages of 35 and 44 (Hobdell et al. 2003).
This close association with SES might explain the frequently reported associations
between periodontal diseases and other diseases that follow a socioeconomic
gradient. 

Earlier studies have shown that SES predicts cardiovascular diseases
independently of established risk factors such as smoking, high serum cholesterol
and hypertension (Valkonen 1992, Kunst & Machenbach 1994a, Kunst &
Machenbach 1994b). One potential mechanism explaining this association is
systemic inflammation, since SES was found to associate with CRP independently
of other risk factors (Jousilahti et al. 2003, Oven et al. 2003). However, a recent
study by Kivimäki and colleagues (2005) puts this explanation to question by
suggesting that the effects of SES on CRP were mediated through obesity. 

Based on the findings where socioeconomic status has been shown to connect
with dental diseases and with cardiovascular diseases, it is not surprising that an
association was also found between dental caries and angina pectoris in the present
data. This finding is in accordance with the findings of Larsson and colleagues
(1995), who earlier found an association between dental caries and cardiovascular
risk factors. They concluded that dental caries could be an indicator of traditional
risk factors for cardiovascular diseases, the most plausible explanation being that
dental caries is associated with diet, which in turn is associated with diet-related
cardiovascular risks such as unfavourable lipid concentrations, high blood
pressure and high body mass index (Larsson et al. 1995). An association between
poor dental health and an unhealthy diet was also found in studies by Johansson
and colleagues (1994) and later by Hung and colleagues (2005). 

In this study, the confounding effect of SES was controlled by using education
and income variables, but it is possible that residual confounding related to SES
remains. This is due to the fact that occupational status and income are only partial
measures of socioeconomic status. Moreover, SES cannot be directly interpreted
categorically or numerically, which prevents accurate measurement (Joshipura &
Ritchie 2005).

When the data were stratified according to SES, it was found that the
associations were stronger in high SES categories than in low ones. In the high
SES categories, strong associations of gingivitis, dental caries and tooth loss with
the presence of angina pectoris were found. One possible explanation for this is
that the subjects of low SES underreport dental diseases. This underreporting
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might be related to the detection of dental diseases, for example. This means that,
without this bias, the associations of dental diseases with angina pectoris might
have been stronger than those observed.

The fact that all dental diseases were found to associate with the presence of
angina pectoris lend support to the explanation that the associations are not solely
due to biological mechanisms. This is because it is not plausible that periodontitis
or dental caries, if treated, would lead in this age group to a situation where tooth
extraction is the only choice of treatment. Tooth loss is therefore most likely due to
the joint effect of biological and attitudinal and/or financial factors.

Another explanation for this heterogeneity in the association of gingivitis,
dental caries and tooth loss with the presence of angina pectoris in relation to SES
is that mechanisms connecting dental diseases to the development of
atherosclerosis differ between socioeconomic strata.

6.3 Methodological considerations

6.3.1 Study design

A cross-sectional study design has several disadvantages. One major disadvantage
is that the use of cross-sectional data means that a temporal sequence cannot be
determined. Therefore, the direction of the relations might also be opposite to the
one expected. Another major drawback is that the prevalence of diseases is
dependent on not only its causal factors but also prognostic factors. However, this
effect is most likely limited, since severe conditions of cardiovascular diseases
leading to premature death are rare in this age group.

A further disadvantage that has been connected with cross-sectional studies is
that the assessment of risk factors takes place after a disease has been diagnosed.
This may have an effect on responses and thus cause bias. However, outcome
variables, such as health behaviour variables, both dental and general diseases,
were quite common and neutral in nature, which most likely limit the effect of this
information bias in these data.

The study population consists of members of the1966 Northern Finland birth
cohort. There are a number of advantages to using a birth cohort. Firstly, there is
no age-associated confounding, which might be related to attitudinal factors, such
as the subjects’ attitude to the preservation of their own natural teeth, or
environmental factors, such as changes in the health care system, which can be
difficult to handle. Secondly, the cohort members are quite homogeneous in
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relation to ethnic origin, and thirdly, regional differences do not confound
essentially or at all the relation of explanatory variables to the outcome variables.

In this age group, the prevalence of serious illnesses is low, indicating that
severe medical conditions only have a limited effect on the socioeconomic
situation or psychosocial characteristics of the respondents. However, in the case
of chronic pain or severe illness, it is possible that inverse associations exist. For
example, it has been shown that a chronic pain condition may influence a person’s
psychosocial condition (Rudy et al. 1988, Huurre & Aro 2002, Roth & Geisser
2002), and that a person’s psychosocial condition may consequently lead to low
SES (Huurre et al. 2005).

Bias due to non-response is possible, but the fairly high response rate (75.3%)
reduced the magnitude of the effect of non-response. Regional differences in the
prevalence of dental diseases were fairly small in this age group in Finland, and
regional differences in the availability of dental services were also marginal
(Arinen et al. 1998), which, together with a fairly good response rate, indicates
that the 1966 birth cohort of Northern Finland represents the young adult
population of Finland fairly well.

Since this was a cross-sectional study, prevalence proportion ratios and
prevalence odds ratios as measures of effect were used when the outcome was
binomially distributed. Prevalence proportion ratios are more comprehensible than
prevalence odds ratios, especially when proportions are high. Therefore, in a
situation where prevalence was high, prevalence proportion ratios were used,
because otherwise the use of prevalence odds ratio could easily lead to an
overestimation of the effect (Davies et al. 1998).

6.3.2 Variables

This study was based on self-reported diseases and symptoms, which is quite
commonplace in large epidemiological studies. This means, and it must be
emphasised, that dental diseases and symptoms as well as systemic diseases and
symptoms were subject to biases related to observation, reporting and level of
information. Since no retrospective evaluation of actual health behaviour or
clinical examination of dental diseases was carried out, it was impossible to assess
the actual magnitude of any bias in the study.

It was not possible to properly assess reliability either. It is possible that there
is inherent bias related to psychosocial factors. For example, psychosocial
characteristics may be related to one’s interest in one’s own health. For example,
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pessimists may over-report symptoms and diseases due to the subjects’ generalised
negative expectation of negative outcomes (Schwarzer 1994, Scheier & Carver
1985). On the other hand, previous studies have shown that the reliability of postal
questionnaires including questions on well-defined clinical findings is good
(Axelsson & Helgadottir 1995, Unell et al. 1997), as is the validity of questions
concerning self-reported dental visits (Gilbert et al. 2003).

In the questionnaire, the respondents were asked how many missing teeth they
had (0, 1–5, 6–10, more than 10 but not all, all). A high cut-off point (0–5 vs. 6 or
more) was chosen to avoid misclassification due to extractions of third molars,
minor traumas and extractions related to orthodontic treatment. In addition, a
higher cut-off point would have yielded too few subjects. In the case of the number
of missing teeth, an epidemiological study carried out in 1998 by the National
Public Health Institute of Finland showed that 98.7% of men aged 24–34 and
99.4% of women aged 25–34 in Finland had 0–5 teeth missing (Helakorpi et al.
1998). The respective figures in the present study population were lower, being
96.9% for men and 98.3% for women. This difference might be one indication of
regional differences in oral health in Finland.

The prevalence of self-reported dental caries was somewhat lower in this
study than that in the national survey (Suominen-Taipale et al. 2004). This was not
unexpected since reporting of dental caries is subject to biases related to
observation, reporting and level of information. Thus the results on self-reported
caries in this study should be taken to be merely indicative.

Gingivitis was measured by the question whether there is gingival bleeding
while brushing teeth, which is a clear sign and easy to detect as such. However,
even this is probably subject to bias related to observation and reporting. In
addition, smoking is known to reduce gingival bleeding (Preber & Bergström
1985, Haffajee & Socransky 2001), which probably causes misclassification. Poor
agreement between self-reported gingival bleeding and gingivitis has been noted
in other studies. For example, studies carried out by Buhlin and colleagues (2002)
and Dietrich and colleagues (2005) showed that agreement between self-reported
gingival bleeding and the findings of clinical examination was low. In this study,
the prevalence of self-reported gingivitis was lower than that found in the national
study of the Finnish population (Suominen-Taipale et al. 2004), which likewise
indicates bias.

One additional shortcoming, related to dental diseases as explanatory
variables, was that there are no gradients in these variables, which was due to the
small number of lost teeth and the manner in which gingivitis and dental caries
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was determined. This means that the findings of this study do not therefore
exclude the possibility that severe forms of oral infections would be an aetiological
factor in the development of atherosclerotic vascular diseases.

The sum variable for dental health behaviour was constructed using three
items (dental check-ups, tooth brushing twice a day and use of sweets, chocolate or
soft drinks). These items reflect different dimensions of health behaviour. The
avoidance of sweets reflects dental health behaviour in the form of reducing the
effects of acid attacks, and it also reflects general behaviour in the form of reduced
energy intake. However, it must be borne in mind that the preference to use sugar
may override its detrimental effect on health. Moreover, tooth brushing frequency
is a factor that may be influenced by other factors, such as knowledge about health
and social pressure on attractiveness. Regional differences in the availability of
dental health care services were small at the time of the survey, which made it
possible to use dental check-ups as an outcome variable as well as one item in
measuring dental health behaviour. Dental check-ups were classified into two
groups: those who had dental check-ups at least once in two years and those did
not. This yielded a high proportion of respondents with good dental health
behaviour. However, a lower cut-off point (of 1 year) in dental check-ups than the
one used here (once in 2 years) would lead to misclassification, since dentists use
personal intervals up to two years between check-ups among young adults with
good dental health (Nordblad et al. 1993). In addition, the recall system, which is
widely used by dentists, most likely increases the likelihood for dental check-up,
and therefore dental check-ups only partially reflect the individual’s positive
attitude towards dental health. Moreover, it should be also kept in mind that when
the proportion is initially high, a substantial increase is not expected. This was the
case especially with dental check-ups and with tooth brushing among women.
However, despite these disadvantages, this sum variable associated with the
outcome variables in a coherent manner.

In order to measure general health behaviour, a sum variable containing four
different health habits (smoking, use of vegetables, frequent physical activity and
alcohol use) was used. These are common health habits and, based on previous
knowledge, they associate with cardiovascular diseases (Ezzati et al. 2002). In
addition, these health habits have previously been used as an indicator for health-
related lifestyle in studies on dental health behaviour (Sakki et al. 1998). This sum
variable also associated with the outcome variables in a coherent manner.

Diagnosed angina pectoris, as well as other systemic diseases, were also self-
reported. The respondents were asked whether they had angina pectoris diagnosed
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by a doctor or the disease in question diagnosed by a doctor, respectively.
However, since no clinical examination was carried out, it is of course possible
that there is bias related to reporting. On the other hand, misclassification, if non-
differential, would attenuate the association that was found between oral condition
and prevalent angina pectoris. An earlier study among middle-aged and elderly
Finnish men and women showed that the concordance between cardiovascular
diseases assessed by questionnaire and by medical records is fairly good
(Haapanen et al. 1997). Moreover, the prevalence of angina pectoris in this age
group of 31-year-olds was 1.7%, which compares fairly well with studies made in
Sweden (Glader & Stegmayr 1999) and U.S.A Zaher et al. 2004).

In this study, optimism was measured by means of a revised version of the
Life Orientation Test (LOT-r) developed by Scheier and co-workers (Scheier et al.
1994). It has been shown that the revised version has adequate discriminant
validity in relation to other characteristics (Scheier et al. 1994). Moreover, it has
been also shown that LOT-r has high stability over time (Matthews et al. 2004).
The construct validity of the Finnish version of LOT-r has also been evaluated
(Heinonen et al. 2005).

In this study, coping strategies in stressful situations were measured by the Ways
of Coping Checklist (Lazarus & Folkman 1984). The Ways of Coping Checklist has
been widely used for years and its psychometric properties have been tested
(Vitaliano et al. 1985).

Life satisfaction was measured by means of a single question: ‘Are you
satisfied with your life in general?’ One advantage in using a single question is that
it has high face-validity. Single-item measures involve larger variability but their
strength is simplicity, which is a useful measure for subjective wellbeing (Pavot &
Diener 1993). Studies on psychometric properties have shown that the concept of
life satisfaction can be discriminated by means of positive and negative affect
(Campbell & Fiske 1959) and by optimism and self-esteem (Lucas et al. 1996).
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7 Summary
The results of this cross-sectional study showed an association of self-reported
gingivitis, dental caries and tooth loss with the presence of diagnosed angina
pectoris. These results thus concord with most previous epidemiological studies
that have shown dental diseases to associate with atherosclerotic vascular diseases.
The associations remained and were actually stronger when the data were
restricted to all categories other than the lowest socioeconomic strata. This was
done in order to reduce the effect of possible bias related to reporting.

The results of this study showed that self-reported dental gingivitis and tooth
loss were not important determinants for elevated C-reactive protein levels. This
suggests that the associations that were found between dental conditions and
prevalent angina pectoris are mainly caused by factors other than biological
mechanisms related to infection or inflammation. The lack of a biological
explanation related to infections or inflammatory processes suggests that other
biological mechanisms or biases including confounding should be considered as
an alternative explanation.

Based on restrictions related to the data, certain important reservations must
be made: the data consist of 31-year-old adults and their dental conditions were
self-reported, not clinically determined. Despite the fact the prevailing hypothesis
that oral infections contribute to the development of atherosclerosis cannot be
rejected, this study provided evidence that the association between dental
condition and atherosclerotic vascular diseases could be due to determinants in
common.
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Appendix 1. Questions about health behaviour and self-
reported diseases and symptoms

Self-reported dental diseases and symptoms were determined using
the following questions: 

In your opinion, do your gums bleed when you brush your teeth? 

In your opinion, do you have caries in your teeth at the moment?

In your opinion, do you have a tooth ache or any other symptoms in your mouth at
the moment? 

How many missing teeth you have?

Dental health habits were determined using the following questions:

How often do you have dental check-ups?

How often do you brush your teeth?

Do you normally use sugar in coffee or in tee? 

How often do you drink soft drinks? 

How often do you eat sweets?

How often do you eat chocolate?

All other self-reported diseases were determined on the basis of the
following questions: 

Have you ever had ‘disease in question’ diagnosed by a doctor?
82



Original articles
This thesis is based on the following original publications. These are referred to in
the text by Roman numerals:

I Ylöstalo PV, Järvelin MR, Laitinen J & Knuuttila ML (2006) Gingivitis,
dental caries and tooth loss: risk factors for cardiovascular diseases or
indicators of elevated health risks. J Clin Periodontol 33:92–101.

II Ylöstalo PV, Järvelin MR, Laitinen J & Knuuttila ML (2008) Self-reported
gingivitis and tooth loss poorly predict C-reactive protein levels – a study
among Finnish young adults. J Clin Periodontol 35:114–9.

III Ylöstalo P, Ek E & Knuuttila M (2003) Coping and optimism in relation to
dental health behaviour – a study among Finnish young adults. Eur J Oral Sci
111:477–82.

IV Ylöstalo PV, Ek E, Laitinen J & Knuuttila ML (2003) Optimism and life
satisfaction as determinants for dental and general health behaviour – oral
health habits linked to cardiovascular risk factors. J Dent Res 82:194–9.

V Ylöstalo PV & Knuuttila ML (2006) Confounding and effect modification:
possible explanation for variation in the results on the association between
oral and systemic diseases. J Clin Periodontol 33:104–8.

In addition, some previously unpublished results are presented.

Reprinted with kind permissions from Blackwell Publishing (I, II, III, V) and
International Association for Dental Research (IADR) and American Association
of Dental Research (AADR) (IV).

Original publications are not included in the electronic version of the dissertation.
83



84



A C T A  U N I V E R S I T A T I S  O U L U E N S I S

Distributed by
OULU UNIVERSITY LIBRARY

P.O. Box 7500, FI-90014
University of Oulu, Finland

Book orders:
OULU UNIVERSITY PRESS
P.O. Box 8200, FI-90014
University of Oulu, Finland

S E R I E S  D  M E D I C A

947. Kuvaja, Paula (2007) The prognostic role of matrix metalloproteinases MMP-2
and -9 and their tissue inhibitors TIMP-1 and -2 in primary breast carcinoma   

948. Siira, Virva (2007) Vulnerability signs of mental disorders in adoptees with genetic
liability to schizophrenia and their controls measured with Minnesota Multiphasic
Personality Inventory   

949. Komulainen, Silja (2007) Effect of antihypertensive drugs on blood pressure
during exposure to cold. Experimental study in normotensive and hypertensive
subjects    

950. Anttonen, Vuokko (2007) Laser fluorescence in detecting and monitoring the
progression of occlusal dental caries lesions and for screening persons with
unfavourable dietary habits   

951. Torppa, Kaarina (2007) Managerialismi suomalaisen julkisen erikoissairaanhoidon
johtamisessa. Tutkimus yksityissektorin johtamisoppien soveltamisesta neljässä
yliopistollisessa sairaanhoitopiirissä ja arvio managerialismin soveltuvuudesta
julkisen erikoissairaanhoidon uudistamiseen    

952. Hokkanen, Eero (2007) Neurologian kehitysvaiheita Oulussa ja Pohjois-Suomessa   

953. Lahtinen, Jarmo (2007) Predictors of immediate outcome after coronary artery
bypass surgery   

954. Železnik, Danica (2007) Self-care of the home-dwelling elderly people living in
Slovenia   

955. Löfgren, Eeva (2007) Effects of epilepsy and antiepileptic medication on
reproductive function   

956. Jäälinoja, Juha (2007) The structure and function of normal and mutated collagen
IX   

957. Fonsén, Päivi (2007) Prolyl hydroxylases. Cloning and characterization of novel
human and plant prolyl 4-hydroxylases, and three human prolyl 3-hydroxylases    

958. Heikkinen, Jouni (2008) Outcome after mitral valve surgery for mitral valve
regurgitation   

959. Papponen, Hinni (2008) The muscle specific chloride channel ClC-1 and myotonia
congenita in Northern Finland   

960. Heikura, Ulla (2008) Intellectual disability in the Northern Finland Birth Cohort
1986  

D961etukansi.fm  Page 2  Wednesday, January 30, 2008  2:13 PM



A
B
C
D
E
F
G

UNIVERS ITY OF OULU  P .O .  Box  7500   F I -90014  UNIVERS ITY OF OULU F INLAND

A C T A  U N I V E R S I T A T I S  O U L U E N S I S

S E R I E S  E D I T O R S

SCIENTIAE RERUM NATURALIUM

HUMANIORA

TECHNICA

MEDICA

SCIENTIAE RERUM SOCIALIUM

SCRIPTA ACADEMICA

OECONOMICA

EDITOR IN CHIEF

EDITORIAL SECRETARY

Professor Mikko Siponen

Professor Harri Mantila

Professor Juha Kostamovaara

Professor Olli Vuolteenaho

Senior Assistant Timo Latomaa

Communications Officer Elna Stjerna

Senior Lecturer Seppo Eriksson

Professor Olli Vuolteenaho

Publications Editor Kirsti Nurkkala

ISBN 978-951-42-8720-6 (Paperback)
ISBN 978-951-42-8721-3 (PDF)
ISSN 0355-3221 (Print)
ISSN 1796-2234 (Online)

U N I V E R S I TAT I S  O U L U E N S I S

MEDICA

ACTA
D

OULU 2008

D 961

Pekka Ylöstalo

DENTAL HEALTH, LIFESTYLE 
AND CARDIOVASCULAR RISK 
FACTORS—A STUDY AMONG 
A COHORT OF YOUNG ADULT 
POPULATION IN NORTHERN 
FINLAND

FACULTY OF MEDICINE, 
INSTITUTE OF DENTISTRY,
UNIVERSITY OF OULU;
NATIONAL GRADUATE SCHOOL OF CLINICAL INVESTIGATION

D
 961

AC
TA

 Pekka Ylöstalo
D961etukansi.fm  Page 1  Wednesday, January 30, 2008  2:13 PM


	Abstract
	Aknowledgements
	Abbreviations
	List of original articles
	Contents
	1 Introduction
	2 Review of the literature
	2.1 Potential mechanisms between periodontitis and atherosclerotic vascular diseases
	2.1.1 Individual propensity as a determinant in common
	2.1.2 The role of inflammatory focus
	2.1.3 Bacteraemia related to oral bacteria
	2.1.4 Non-causal explanations

	2.2 Conclusions of earlier studies and implication of previous research for this study

	3 Aims of the study
	4 Subjects and methods
	4.1 Subjects
	4.2 Methods
	4.2.1 Variables
	4.2.2 Statistical methods


	5 Results
	5.1 Association of self-reported gingivitis, dental caries and tooth loss with angina pectoris
	5.2 Association of self-reported gingivitis, dental caries, and tooth loss with C-reactive protein
	5.3 Association between dental health and cardiovascular risk factors
	5.4 Associations of health habits with dental diseases and cardiovascular risk factors
	5.5 Determinants of general and oral health behaviours
	5.6 Effect of confounding and misclassification

	6 Discussion
	6.1 Possible biological mechanisms
	6.2 Confounding as an explanation
	6.2.1 Individual propensity, obesity and systemic diseases
	6.2.2 Behavioural factors
	6.2.3 Psychosocial factors
	6.2.4 Socioeconomic status

	6.3 Methodological considerations
	6.3.1 Study design
	6.3.2 Variables


	7 Summary
	References
	Original articles



