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Abstract

Aims/hypothesis—While there are plausible biological mechanisms linking oral health with
cardiovascular disease (CVD) and mortality, to our knowledge, no study has examined this
association in a representative population of people with type 2 diabetes.

Methods—We used the Action in Diabetes and Vascular disease: Preterax and Diamicron
Modified-Release Controlled Evaluation study, a large, detailed, randomised controlled trial
amongst a general population of individuals with type 2 diabetes. A total of 10,958 men and
women, aged 55-88 years, with type 2 diabetes participated in a baseline medical examination
when they counted their number of natural teeth and reported the number of days that their gums
had bled over the preceding year. Study members were followed up for mortality and morbidity
experience over 5 years. For the purposes of the present analyses, data from the trial are utilised
using a prospective cohort study design.

Results—After control for a range of potential confounding factors, relative to the group with the
most teeth (>=22 teeth), the group with no teeth had a marked increased risk of death due to all-
causes (hazard ratio; 95% confidence interval: 1.48; 1.24, 1.78), CVD (1.35; 1.05, 1.74) and non-
CVD (1.64; 1.26, 2.13). Frequency of bleeding gums was not associated with any of the outcomes
of interest. There was no suggestion that either treatment group or gender modified these
relationships.

Conclusions/interpretations—In people with type 2 diabetes, oral disease, as indexed by
fewer teeth, was related to an increased risk of total mortality, and death due to both CVD and
non-CVD.

Correspondence: David Batty, MRC Social & Public Health Sciences Unit, 4 Lilybank Gardens, Glasgow, UK, G12 8RZ. david-
b@sphsu.mrc.ac.uk. Tel. + 44 141 357 3949. F. + 44 141 337 2389.
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Introduction

Methods

Bacterial infection was first implicated in the aetiology of cardiovascular disease over a
century ago.[1] Although oral disease is the most common type of infectious challenge in
humans,[2] it is only in the last twenty years that investigators have explored its relationship
with cardiovascular disease (CVD) and mortality in a modest series of studies.[3-9] This
association has some plausibility. One possibility is that a local oral bacterial infection may
produce systemic effects, leading to an elevation in inflammatory activity which has itself
been implicated in atherothrombogenesis.[10;11] An alternative, non-causal explanation is
that poor oral health is simply a marker of significant co-morbidity and/or poverty, and it is
these confounding variables that are generating the relationship with CVD.

Oral disease is substantially more common in people with type 2 diabetes than the general
population.[12] Thus, any long term consequences of oral disease in this group will
represent a significant public health burden. Oral disease has recently been linked with an
elevated risk of future CVD in individuals with type 2 diabetes.[13] However, that study
sampled only Pima Indians[13] so it is unclear if the results are applicable to a general
population of people with type 2 diabetes.

Accordingly, we utilise cohort analyses of The Action in Diabetes and Vascular disease:
Preterax and Diamicron Modified-Release Controlled Evaluation (ADVANCE) study,[14] a
large, detailed, randomised controlled trial amongst a general population of individuals with
type 2 diabetes, to examine the relationship of oral health at study induction with subsequent
mortality and morbidity experience.

The ADVANCE trial — described in detail elsewhere[14] — was established to investigate the
separate effects of routine blood pressure lowering and intensive glucose control on vascular
outcomes in people with type 2 diabetes. In brief, between 2001 and 2003, 11,140 men and
women aged 55-88 years with type 2 diabetes and a history of major macro- or
microvascular disease, or at least one other cardiovascular risk factor, were recruited from
215 centres (20 countries). Using a factorial design, patients were randomised to
perindopril-indapamide or placebo, and to intensive glucose control based on Gliclazide MR
or to standard glucose control. The flow of subjects through the trial is depicted in figure 1.
For the purposes of the present analyses, data from the trial are utilised using a prospective
cohort study design; an approach we have taken elsewhere.[15] Approval to conduct the trial
was obtained from the ethics committee of each study centre; all participants provided
written informed consent.

At study induction, participants responded to questionnaire enquiries and took part in a
medical examination. Individuals with a baseline Mini Mental State Examination[16] score
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of less than 24, or where dementia was suspected, were referred to a medically-qualified
specialist for diagnosis of dementia.[17] Given concerns regarding the accuracy of self-
reported information in people who were cognitively challenged, individuals with either a
contemporaneous or prior diagnosis of dementia did not enter the study. Glycated
haemoglobin (HbA1c), blood cholesterol (and fractions), blood pressure, resting heart rate,
and serum creatinine were measured using standard protocols.19 Height and weight were
used to derive body mass index (weight[kg]/height[m]?). Research staff administered a
series of questions regarding ethnicity, educational attainment, physical activity, alcohol
intake, cigarette smoking habit, illicit drug use, major chronic disease, assistance with
activities of daily living, and quality of life (‘EuroQol5d’).[18]

Study members responded to two questions concerning the presence of oral disease. During
the medical examination, they were asked to count the number of natural teeth in their
mouth. Artificial teeth were not included but any tooth, or part of a tooth, that was visible in
the mouth and connected to the gum or jawbone was counted as one tooth. Study members
also reported the number of days their teeth had bled in the preceding year. This included
spontaneous bleeding, bleeding on cleaning the teeth, and bleeding on eating food but not
bleeding associated with dental treatment, tooth loss or facial trauma. Lower numbers of
natural teeth and higher numbers of days of gum bleeding indicated poorer oral health.

Ascertainment of cardiovascular disease during follow-up

A range of fatal and non-fatal cardiovascular disease outcomes were ascertained using a
variety of sources. Information on cause of death (certification, autopsy report, clinical
notes) were scrutinised by an independent Endpoint Adjudication Committee and a coding
made according to the 10th revision of the International Classification of Diseases.[19] For
non-fatal outcomes, where applicable, clinical notes, computed tomography and magnetic
resonance imaging reports (for suspected cerebrovascular disease), laboratory biomarkers
(e.g., creatine kinase, troponins) and ECG reports (for suspected myocardial infarction) were
utilised. A CHD event was denoted by death due to this condition (including sudden death),
non-fatal myocardial infarction, silent myocardial infarction, coronary revascularisation, or
hospital admission for unstable angina.[20] A cerebrovascular event was denoted by death
due to this condition or non-fatal stroke, transient ischaemic attack, or subarachnoid
haemorrhage.[20]

Statistical analyses

With 182 study members having at least one item of missing data, the analytical sample
comprised 10,958 (figure 1). Data for both markers of oral health were skewed. We
therefore created three groups for both number of natural teeth (0; 1-21; =22) and days of
bleeding gums (0; <12 days; =12 days) by taking values above zero and separating at the
median. Differences in baseline characteristics across these oral health groups were tested.
For categorical variables (e.g., sex), we used the Chi-square test; for continuous variables
with normal distribution (e.g., systolic blood pressure) we used an ANOVA, and for
continuous variables with a skewed distribution (e.g., Mini Mental State Examination), we
used Kruskal-Wallis test.
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Having first ascertained that the proportional hazards assumption had not been violated,
hazard ratios with accompanying 95% confidence intervals were used to summarise the
association between the two markers of oral disease and the various study endpoints.[21] In
these analyses, the group with the best oral health (>=22 teeth; 0 days with bleeding gums in
the last year) represented the reference categories.

The relation between oral disease and the various health outcomes was first computed
separately in the treatment and placebo groups, and in men and women. With no indication
that either treatment allocation (p-value for interaction >0.1) or sex (p-value for
interaction>0.1) modified the association of either marker of oral disease with any of the
outcomes, the data were pooled and all analyses were adjusted for treatment, sex and age.
The relation of oral disease with each endpoint was further adjusted for an array of possible
confounding factors which, after controlling for basic covariates (age, sex and randomized
treatment allocation), were organised by the themes of existing illness (use of Metformin/
beta-blockers, history of macrovascular or microvascular disease, or those requiring
assistance with daily activities, plus diabetes duration); behavioural CVD risk factors
(cigarette smoking, alcohol intake, vigorous physical activity in previous week);
physiological CVD risk factors (haemoglobin Alc, Creatinine, BMI, total cholesterol, HDL
cholesterol, resting heart rate, SBP, DBP); psychological CVD risk factors (quality of life
[EQ-5d score], and Mini Mental State Exam Score); and socio-economic CVD risk factors
(age at completion of highest level of education, height). Multiple adjustment was for all
these covariates. All analyses performed using SAS version 9.1 (SAS Institute, Inc, Cary,
NC).

In table 1 we present baseline characteristics according to the two markers of oral disease.
At study entry, around one fifth (21%) of study members reported complete absence of
teeth, while 6.5% indicated that their gums had bled for 12 days or more in the preceding
year. People with fewer natural teeth generally had less favourable biological, social,
behavioural and psychological characteristics at study induction. That is, relative to study
members with more teeth, those in the groups with fewer teeth were more likely to be older,
Caucasian, less well educated, less physically active, heavier, have elevated systolic blood
pressure and serum creatinine, reduced HDL cholesterol, and have marginally poorer
cognitive function and quality of life. They were also more likely to smoke cigarettes, report
vascular disease, and require assistance with activities of daily living. There was no apparent
relationship between number of teeth and either glycosylated haemoglobin or diabetes
duration. The association of days of bleeding gums with study characteristics was less clear.
On the one hand, people who reported more bleeding days relative to fewer were somewhat
younger, better educated, taller, had lower creatinine values, and smoked less; however, they
were also marginally heavier, and had a higher diastolic systolic blood pressure and alcohol
intake. In general, the magnitude of associations between the two markers of oral disease
and the various covariates was modest with statistical significance often reached owing to
the high study power.
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In table 2, hazards ratios for the two indicators of oral health (humber of teeth and bleeding
gums) in relation to total mortality and various CVD outcomes during follow-up are
depicted. In the simplest model (age-, sex-, and treatment-adjusted), the group with no teeth
experienced almost twice the risk of total mortality (hazard ratio; 95% ClI: 1.78; 1.50, 2.11)
relative to those with 22 teeth or more. This effect was incremental across the teeth groups
(p for trend: <0.0001) such that people with an intermediate number of teeth had
intermediate risk (1.41; 1.20, 1.65). Controlling separately for a series of covariates had very
little impact on these effects estimates, however, adding all potentially confounding factors
simultaneously to the multivariable model did lead to some attenuation, although statistical
significance at conventional levels (p<0.05) was retained. When fatal and non-fatal CHD
(combined) events were the outcome of interest, the strength of the association with number
of teeth in age-, sex-, and treatment-adjusted analyses, while again inverse, was of lower
magnitude than that evident for the analyses featuring total mortality. Controlling for
individual risk factors again had little impact on this gradient, but in the multiple adjusted
analyses the association was eliminated. There was no apparent link between number of
teeth and cerebrovascular disease (largely comprising stroke) in any of our analyses.

Men and women with fewer teeth experienced an elevated risk of death from both CVD and
non-CVD in age-, sex-, and treatment-adjusted analyses. Although these gradients were
weakened after control for potential confounding factors, particularly for CVVD deaths, they
remained robust to full adjustment and there was again evidence of a dose-response effect.
In none of our analyses did days of bleeding gums show any relationship with the five study
outcomes.

In analyses using age rather than calendar time as the time scale, our Cox models revealed
the same results as those described above. While there were too few events to stratify by
each of the 215 study Centres, we were able to do so by the 5 regions (Australasia and south
east Asia, Canada, China, Europe — continental, Europe — Northern) in which each Centre
was located. There was no suggestion that this modified the impact of oral disease on any of
the outcomes.

Discussion

The main finding of this study was that, following adjustment for a range of confounding
variables, oral disease, as indexed by a lower number of teeth, was associated with total
mortality and mortality ascribed to both CVD and non-CVD, such that the highest risk was
apparent in men and women who reported the fewest teeth. The association between a lower
number of teeth and CHD was evident in most analyses but was lost on multiple adjustment.
Our other marker of oral disease — days of bleeding gums — was unrelated to any of these
outcomes. This may be because few people reported any gum bleeding, so limiting statistical
power, or that, in comparison to tooth loss, gum bleeding does not capture oral disease
severe enough to yield an effect on the study endpoints. It is also plausible that enquiring
about bleeding gums over the preceding 12 months is asking too much of even the most
attentive study member. A relationship between tooth loss and an increased risk of non-
CVD mortality was also apparent in our analyses. Given that this outcome partially
comprises malignancies, some which have been linked with inflammatory markers,[22] this
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association does not rule out systemic inflammation as the causal process linking oral
disease with CVD.

Alternative (non-causal) explanations

The two most likely alternative explanations for the observation that having fewer teeth is
related to an excess disease risk are reverse causality and confounding. Although the
prospective design of this cohort study largely rules out reverse causality, it is plausible that
some participants entered the study with oral disease caused by existing CVD (and
associated risk factors) — either diagnosed or hidden — and this generated a positive oral
disease-CVD gradient. We examine this issue in two ways: first, we excluded study
members with diagnosed CVD at study induction and repeated our analyses; second, we
dropped individuals who registered events in the first 2 years of follow-up and again
repeated our analyses. The latter approach is based on the assumption that people entering
the study with CVD or other important but occult co-morbidity would have been most likely
to die from their condition in the early stages of follow-up. In both cases our results were
essentially unchanged (results available upon request).

The apparent detrimental effect of poor oral health on these outcomes was generally robust
to the adjustment of a wide range of covariates (cardiovascular disease risk factors,
psychological wellbeing, socioeconomic adversity) which have been implicated in the
aetiology of our disease endpoints, although some attenuation of risk was evident. Since
marked attenuation following adjustment was apparent, and given the association with
coronary heart disease became non-significant with full statistical control, it is possible, as in
all observational studies, that the gradients we found would be explained by unmeasured
covariates even in this well characterised study, or perhaps more precise measurements of
existing ones. In a related point, an alternative approach to examine the link between oral
disease and mortality in type 2 diabetes would be extended follow-up for CVD events in
large scale randomised controlled trials of treatments for oral disease where confounding is
not a concern.

That our results may not be completely ascribed to the above alternative explanations, at
least signals the possibility that tooth loss may be mechanistically linked to both CVD and
non-CVD deaths. Reduced masticatory capacity impairs nutritional intake and this may in
turn be a risk factor for CVD.[23] We did not collect data on dietary intake with which to
explore this possibility of mediation, however, in, to our knowledge, the only study to
capture information on food intake, adjusting for this behaviour did not eliminate the
association between oral health and coronary artery disease.[24] As described, inflammation
resulting from poor oral health has also been implicated in the aetiology of CVD,[10]
although, again, we did not have data on markers of systemic inflammation to test such a
hypothesis.

Study strengths and limitations

While this study has several strengths — large sample size, high number of events, and the
sampling of a general population of type 2 diabetics — it is not without its shortcomings.
That the measures of oral health were both self-reported raises concerns regarding validity.
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While the enquiry regarding tooth loss is widely used in the field of dental epidemiology,[9]
the measure of gums bleeding is less common. However, having decided a priori to
investigate the association of the latter with CVD and other health outcomes, we did not
want to omit it from our manuscript simply because the results were null. This would lead to
publication bias, a major problem in modern epidemiology.[25]

In conclusion, in the present study of people with type 2 diabetes, oral disease, as indexed by
fewer teeth, was related to an increased risk of total mortality, and death due to CVD and
non-CVD.
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