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Summary

BACKGROUND: Dental status and oral hygiene are asso-
ciated with progression of atherosclerosis in patients with
carotid stenosis. It remains unclear whether dental disease
is a risk factor for mortality in these patients. We evaluated
the bearing of dental disease on mortality among patients
with asymptomatic carotid atherosclerosis.

METHODS: Three World Health Organization-validated
indices in 411 patients with asymptomatic carotid ather-
osclerosis were evaluated, measuring DMFT (decayed,
missing, filled teeth) for dental status, CPITN (community
periodontal index for treatment needs) for periodontal
status and SLI (Silness-Loe Index) for oral hygiene respect-
ively. Patients were prospectively followed for median 6.2
years (IQR 5.8 to 6.6 years) for all-cause mortality.
RESULTS: During follow-up, 107 (26%) deaths occurred
(74 cardiovascular causes). DMFT and SLI, but not
CPITN, showed a significant and gradual association with
mortality. For continuous variables, the adjusted hazard ra-
tios (HR) for death were 1.06 (95% CI 1.0 to 1.12; p =
0.04) for DMFT, and 1.43 (95% CI, 1.01 to 2.03; p = 0.04)
for SLI respectively. Edentulousness was a significant risk
factor for death (adjusted HR 1.99, 95% CI, 1.18 to 3.02; p
=0.008).

CONCLUSION: Dental status and oral hygiene were asso-
ciated with mortality in patients with carotid atherosclero-
sis regardless of conventional cardiovascular risk factors.
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Introduction

Dental disease is associated with atherosclerosis [1-2]. Pre-
viously we reported that dental status and oral hygiene are
independent risk factors for progression of atherosclero-
sis in the carotid arteries [3]. Inflammation plays a key
role in the development of atherosclerosis; inflammatory
dental and oral processes may thus exaggerate vascular
disease and promote its progression [4, 5]. However, the

bearing of dental disease on mortality among a population
with known vascular disease has not been fully understood
as yet. While the development of coronary heart disease
among a large population without known atherosclerotic
disease was not associated with dental disease, others ob-
served a significant association [6—8].

We hypothesised that dental disease is associated with mor-
tality in patients with pre-existing atherosclerosis. The aim
of the present study was to investigate the impact of dental
disease on mortality in patients with atherosclerosis in the
carotid arteries.

Patients and methods

Study design

All consecutive patients who underwent duplex ultrasound
scanning of the extracranial carotid arteries from March
2002 to March 2003 were prospectively enrolled in the
Inflammation in Carotid Arteries Risk for Arthrosclerosis
Study (ICARAS). Detailed inclusion and exclusion criteria
have been reported previously [9]. In brief, patients with
prevalent atherosclerotic carotid artery disease, as defined
by the presence of non-stenotic plaques or carotid stenosis
of any degree, who were clinically asymptomatic at the
time of screening, were enrolled. Patients with enhanced
intima media thickness but without plaques were not eli-
gible. Patients with a cardiovascular event (myocardial in-
farction, stroke, coronary revascularisation, peripheral vas-
cular surgery) during the preceding 6 months were ex-
cluded. The rationale behind this exclusion criterion was
the assumption that acute cardiovascular events might im-
pact specific biomarker levels or other clinical measures
and therefore rather reflect the severity of an acute situation
than chronic atherosclerotic disease. Patients with active
malignant disease were also not included in ICARAS. The
study was approved by the local ethics committee and all
patients gave their written informed consent.
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ICARAS dental sub-study

A total of 1268 patients were included in ICARAS. Of
these, a 450-patient random sample, using computer-gen-
erated random digits, was identified for inclusion in the
dental sub-study. 411 (91%) accepted the invitation to par-
ticipate and were included. No significant differences in
baseline characteristics and demographics were found
when comparing the sub-study participants with the entire
ICARAS population.

Study endpoint and follow-up

The study endpoint was defined as death from any cause.
This was evaluated by screening the national register of
death, including screening for the specific cause of death
(according to the International Statistical Classification of
Diseases and Related Health Problems 10" Revision).
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DMFT (fig. 1A), SLI (fig. 1B), and CPITN (fig. 1C) indices in patients
who died (n = 107) compared to survivors (n = 304). Box bottom
marks the 25th percentile, the line within marks the median, and the
box top marks the 75th percentile; the bottom and top of the vertical
lines mark the 5th and 95th percentiles respectively.

Dental examination

Dental examinations were performed one to four weeks
after the initial ultrasound examination by four specifically
trained dentists who were blinded to the patients’ clinical
and ultrasound data. All patients were investigated by two
observers in consensus. Three World Health Organization-
approved dental indices were selected to quantify dental
disease [10]. We used DMFT (decayed, missing, filled
teeth), to evaluate the dental status, SLI (Silness-Loe
plaque index) to measure oral hygiene, and CPITN (com-
munity periodontal index of treatment needs) as a surrogate
marker of periodontal disease. Dental status and the
amount of decay in an individual are described by DMFT
as a means of expressing caries prevalence numerically.
The score is generated by calculating the number of de-
cayed (D), missing (M), and filled (F) teeth (T). DMFT was
calculated for 32 teeth. SLIis based on recording both soft
debris and mineralised deposits on teeth 12, 16, 24, 36, and
44. Each of the surfaces (buccal, lingual, mesial, and distal)
is given a score from 0 (no plaque) to 3 (abundance of soft
matter within the gingival pocket and/or on the tooth and
gingival margin). The index is obtained by calculating the
mean for all investigated teeth and surfaces. In edentulous
patients SLI was obtained from the dentures. Assessment
of CPITN includes recording of signs of gingival bleed-
ing, supra- or subgingival calculus, and periodontal pock-
ets, subdivided into shallow (4 to 5 mm) and deep (6 mm
or more). We used a standardised lightweight periodontal
probe with a 0.5-mm ball tip to probe 10 standardised in-
dex teeth which were then classified from 0 (healthy) to 4
(pocket >6 mm). Index teeth were investigated as recom-
mended; if the index teeth were missing, the next adjacent
teeth were used for evaluations. CPITN for edentulous pa-
tients was calculated in a separate category.

Colour-coded duplex sonography and grading of
internal carotid artery stenosis

Duplex examinations at baseline and during follow-up
were performed on an Acuson 128 XP10 with a 7.5-MHZ
linear array probe (Acuson) by experienced technical as-
sistants who were supervised by 2 of the authors. All du-
plex operators were blinded with respect to patients’ clin-
ical data and dental status. Duplex grading of the carotid
stenosis was performed as described previously [3]. The
validity of our classification of the degree of stenosis with
respect to angiography was assessed previously in our du-
plex laboratory in an independent cohort including 1006
carotid arteries [11]. Assuming angiography as the gold
standard, positive predictive values and negative predictive
values ranged from 70% to 98%. With respect to the abso-
lute degree of stenosis, we recorded excellent inter-observ-
er agreement (kappa, 0.83; 95% confidence interval [CI],
0.79 to 0.88).

Medication

Pharmacotherapy of patients with evidence of carotid ath-
erosclerosis was prescribed following a standard protocol:
Patients received antithrombotic therapy with either acet-
ylsalicylic acid 100 mg or clopidogrel 75 mg once daily.
Patients with hyperlipidaemia (LDL cholesterol >130 mg/
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dL) received inhibitors of the 3-hydroxy-3-methylglutaryl
coenzyme A reductase (statins).

Statistical methods

Continuous data are presented as the median and the in-
terquartile range (IQR, range from the 25th to the 75th
percentile). Discrete data are given as counts and percent-
ages. We used Mann-Whitney U tests and Fisher exact tests
for univariate analyses, as appropriate. Separate Cox re-
gressions for the independent variables DMFT, SLI, and
CPITN in tertiles were performed. Hazard ratios (HR) and
95% CI are presented. Additionally, estimated effects of in-
creasing continuous measures of DMFT, SLI, and CPITN
were calculated. To allow for potential confounding effects,
we calculated the risk of death by multivariable Cox pro-
portional hazards analysis adjusting for age (years), sex
(male/female), body mass index (kg/m?), smoking (in cat-
egories), hypertension (yes/no), low-density lipoprotein
cholesterol level (mg/dL), glycated haemoglobin Al level
(%), history of myocardial infarction (yes/no), peripheral
artery disease (yes/no), history of stroke (yes/no), baseline
degree of carotid stenosis (in categories), and statin treat-
ment (yes/no). We assessed the overall model fit using
Cox-Snell residuals. Furthermore, we tested the propor-
tional hazard assumption for all covariates using Schoen-
feld residuals (overall test) and the scaled Schoenfeld resid-
uals (variable-by-variable testing). P-values below 0.05 are
considered statistically significant. Sample size calculation
indicated that a sample size of 418 patients allows detec-
tion of a difference in mortality of 12% assuming an over-
all mortality of 25% during follow-up (alpha 0.05, power
80%). To compensate for possible missing data, 450 pa-

tients were included. Data analysis was done in SPSS (ver-
sion 15.0) and SAS (version 9.1).

Results

Patient characteristics

The median age was 69 years (IQR, 62-76 years) and
271 (66%) were male. Detailed baseline demographics and
clinical characteristics are given in table 1. Median DMFT
index was 30 (IQR, 26-32). Median numbers of decayed
teeth, filled teeth and missing teeth were 0 (IQR, 0 to 2),
7 (IQR, 0 to 13), and 18 (IQR, 11-29), respectively. Medi-
an SLI was 0.75 (IQR, 0.38-1.21), and median CPITN was
2.5 (IQR, 2.0-3.0) (excluding edentulous patients) respect-
ively. Overall, 92 patients (22%) were edentulous and wore
complete dentures; these patients were included as a separ-
ate category in the calculations of CPITN.

Follow-up and mortality

During a median of 6.2 years (IQR, 5.8 to 6.6 years), 107
(26%) deaths were recorded. Of these, 74 patients (69.2%)
died from cardiovascular causes (47 patients from coronary
artery disease, 10 from stroke, 7 from peripheral vascular
disease and 10 from other vascular causes). Thirty patients
(28%) died of cancer (13 patients died from lung cancer,
3 from pancreatic cancer, 6 from colo-rectal carcinoma, 4
from breast cancer and 4 from other cancer entities). Three
patients (2.8%) died from other causes.

Table 1: Patients’ baseline characteristics and demographics.

n=41

Age (years)

69 (62-76)

Males/females

271 (66%)/140 (34%)

Body mass index (kg/mz)

26.1 (24.2-28.7)

Avrterial hypertension

296 (72%)

Hyperlipidaemia

Total cholesterol (mg/dL)®

(
286 (70%)
205 (176-239)

Low-density lipoprotein cholesterol (mg/dL) #

117 (92-148)

High-density lipoprotein cholesterol (mg/dL)®

51 (43-60)

Glycated haemoglobin A1 (%)

5.9 (5.6-6.4)

Family history of atherosclerosis

239 (58%)

History of peripheral artery disease

172 (42%)

History of myocardial infarction

94 (23%)

History of stroke

53 (13%)

Baseline degree of carotid stenosis (right/left)

0%—-29% (plaque only)

265 (64.5%)/269 (65.5%)

30% or higher

146 (35.5%)/142 (34.5%)

Smoking status

1-10 cigarettes daily 35 (9%)
11-20 cigarettes daily 34 (8%
>20 cigarettes daily 29 (7%)
Former smoker 78 (19%)

Statin treatment

256 (62%)

Antihypertensive treatment

291 (71%)

Continuous data are presented as the median and the interquartile range. Discrete data are given as counts and percentages. * Multiply by 0.0259 to convert variables to

millimoles per liter.
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Dental disease and mortality

Dental status

A significant association between dental status and all-
cause mortality was observed (fig. 1A). DMFT showed a
significant association with all-cause mortality when incor-
porated as a continuous variable into a proportional hazard
model (adjusted HR 1.06 [95% CI, 1.0 to 1.12; p = 0.04]).
For increasing tertiles, the adjusted HR for death were 1.19
(95% CI, 0.64-2.19) and 1.57 (95% CI, 0.93-2.64), com-
pared to the lowest tertile respectively, indicating a gradu-
al association between dental status and all-cause mortality

(fig. 2).

Oral hygiene

A significant association between oral hygiene and all-
cause mortality was observed (fig. 1B). For continuous val-
ues of SLI, the adjusted HR for death was 1.43 (95% CI,
1.01-2.03; p = 0.04). For increasing tertiles, the adjusted
HR for death were 1.11 (95% CI, 0.64—1.90) and 1.68 (95%
CI, 1.02-2.78), compared to the lowest tertile respectively
(fig. 2), indicating a gradual relationship between oral hy-
giene and all-cause mortality.

Periodontal disease

CPITN was not found to be associated with all-cause mor-
tality (fig. 1C). The adjusted HR for death was 1.05 (95%
CI, 0.73-1.50; p = 0.81) when CPITN was used as a con-
tinuous variable. For increasing tertiles the adjusted HR
was 0.96 (95% CI, 0.52-1.85) and 0.93 (95% CI,
0.55-1.91), compared to the lowest tertile respectively

(fig. 2).

Edentulousness

Patients without any teeth were at increased risk for death
of any cause. For edentulous patients, the adjusted HR for
death was 1.99 (95% CI, 1.18-3.02; p = 0.008, fig. 2).

Discussion

Dental disease was found to be a risk factor for death in pa-
tients with prevalent carotid atherosclerosis. Teeth status,
as evaluated by DMFT and the level of oral hygiene, as
evaluated by SLI, were significantly associated with mor-
tality. Edentulousness was consistently strongly associated

Risk for death
decreased risk increasedrisk HR  (95% CI)
<284 ¢+ 10 -
DMFT  28to314 ——— 119 (064102.19)
>324 F:—O—l 1.57 (0.9310264)
<0.54 ‘ 10 -
sLI 0.5to 14 —— 111 (064101.90)
>1 ?—0—| 168 (1.0210278)
<2 + 10 -
CPITN 2t0 34 —— 096 (05210 185)
>34 —— 093 (0.5510 1.91)
'
'
Edentulousness ~ _NO1 + 10 -
YES V —— 199 (1.18103.02)
H
H
o N K

Hazard Ratio (95% confidence interval)

Figure 2

Adjusted risk for overall mortality according to tertiles of DMFT, SLI,
CPITN and edentulousness respectively.

with mortality. In contrast, CPITN, as a surrogate for peri-
odontal disease, was not found to be an independent risk
factor for death.

Adverse socioeconomic circumstances are risk factors for
the development of dental disease as well as atherosclerosis
[12, 13]. This relation certainly confers a higher risk of ad-
verse cardiovascular outcome and death. However, almost
all residents of Austria are covered by national health insur-
ance. In this context, a study from Sweden, a country with
excellent health coverage and high educational standards,
did not find socioeconomic circumstances associated with
cardiovascular disease [14]. Economic aspects thus might
be less important among our cohort than individual factors
such as education and health consciousness. These latter
factors might be displayed by the oral hygiene status. Poor
oral hygiene, decayed teeth and edentulousness thus may
reflect patients’ reluctant attitude to health care prophylax-
is in general.

Another potentially important aspect is the association
between periodontal inflammation and atherosclerosis. In
particular, chronic microbial infection, including several
periodontal pathogens, may play an important role in the
development of atherosclerotic disease [15—17]. This has
been investigated in numerous publications reporting con-
flicting data. While several studies suggest a clear associ-
ation between periodontal infection and mortality, others
did not find periodontitis as a risk factor for poor outcome
[5, 18-22]. Nor, in this context, did we observe a signific-
ant association between periodontal status as measured by
the CPITN index and mortality. A possible explanation for
these latter findings may be the fact that our population
predominantly consisted of elderly subjects with advanced
carotid artery disease, as shown by the presence of ather-
osclerotic plaques or stenosis. Since bacterial infection is
thought to be linked to an early initiation of atherosclerot-
ic lesions, measurement of the intima-media thickness may
be a better parameter to investigate the association between
periodontal infection and early stage atherosclerosis.

The rate of 28% of patients who died of cancer is in line
with cancer-death rates in the general population. Since our
patients were predominantly elderly subjects (median 70
years), the occurrence of cancer among a certain percent-
age of our population was not unexpected.

To the best of our knowledge the present study is the first
to demonstrate clearly a significant relationship between
dental disease, especially tooth loss, and death among a
population with asymptomatic atherosclerosis. Our find-
ings are in line with results from a Japanese study invest-
igating dental disease among a predominantly older popu-
lation [23]. Clinical implications derived from our findings
could be as follows: once a dentist diagnoses advanced
dental disease or signs of poor oral hygiene, the patient
should be referred to an internist for further screening and/
or treatment of cardiovascular risk factors.

Limitations

The following limitations of our study should be men-
tioned. First, our study population consisted of patients
with preexisting atherosclerosis. Hence we were unable to
draw conclusions regarding the impact of dental and peri-
odontal disease on mortality in a community based cohort.
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Second, microbial aspects, which have been shown to be
more specific than clinical signs of periodontitis, were not
covered in our study. Third, specific limitations of the ap-
plied indices need to be mentioned. In populations with a
high prevalence of decay, DMFT has been reported to be
less suitable, and this might not be relevant for our cohort
[24]. The validity of SLI may be limited in milder forms
of inflammation and by the need for probing [25]. Fin-
ally, severe stages of periodontitis may be underestimated
or even missed (edentulousness) by CPITN [26].

Conclusion

Dental status and oral hygiene were significantly associ-
ated with mortality in patients with carotid atherosclerosis
regardless of conventional cardiovascular risk factors.
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