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Inverse association between number of teeth and left

ventricular mass in women

Henry Volzke®*, Christian Schwahn®*, Marcus Dorr®, Nicole Aumann?,
Stephan B. Felix®, Ulrich John?® Rainer Rettigd, Martina Déren®, Reiner Biffar®

and Thomas Kocher®

Objectives Recently, we have demonstrated a sex-specific
inverse association between the number of teeth and
hypertension. Left ventricular hypertrophy is a major cardiac
sequel of hypertension. With the present study we sought to
investigate whether there is also an inverse association
between the number of teeth and left ventricular mass (LVM).

Methods We used data from 1913 subjects (1036 women
and 877 men) who were recruited for the population-based
Study of Health in Pomerania (SHIP). The number of teeth,
with the exception of the third molars, was counted in the full
mouth. LVM was determined echocardiographically.
Multivariable analyses were adjusted for major confounders.

Results Women with fewer teeth had higher values for LVM
than women with more teeth. This association was stable
when controlled for major confounders. In the full model,
edentulous women had an adjusted LVM of 178.4 g [95%
confidence interval (Cl) 170.4, 186.3 gl while women with 24—
28 teeth had an adjusted LVM of 164.8g (95% CI 156.8,
172.99; P<0.01).In men, no such differences were observed.

Introduction

Hypertension is one of the leading risk factors for pre-
ventable deaths worldwide. High blood pressure and
hypertension-related end organ damage account for
26% of the total mortality in Germany [1]. Hypertension
has an inflammatory component; clevated levels of
inflammatory serum markers are strong predictors of
the progression of systolic blood pressure and incident
hypertension [2]. There is current debate on the specific
mechanisms responsible for the elevated levels of inflam-
matory serum markers. Overweight, diabetes and smok-
ing may activate or promote inflammatory processes [3,4]
and are major determinants of hypertension [5,6]. Sub-
clinical chronic infections may further contribute to acti-
vated inflammatory processes. Among oral disorders,
periodontal disease causes a measurable systemic inflam-
mation [7]. In adults, periodontal disease represents the
major cause of tooth extraction [8]. In cross-sectional
studies, the number of teeth is thus a good approximation
with respect to the history of periodontal disease.

Two recent studies [9,10] have investigated possible
relations between the number of teeth and hypertension.
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Conclusions We conclude that there is an association
between the number of teeth and LVM in women aged

45 years or older. In women, these findings further explain
why poor oral health predicts all-cause and circulatory
mortality. Further research in young, low-risk populations is
needed to explore this association in men. J Hypertens
25:2035-2043 © 2007 Lippincott Williams & Wilkins.

Journal of Hypertension 2007, 25:2035-2043

Keywords: hypertension, left ventricular mass, oral health, tooth loss

aInstitute of Epidemiology and Social Medicine, ®School of Dentistry,
°Department of Cardiology, %Institute of Physiology, Ernst Moritz Arndt University,
Greifswald and ®Clinical Research Center of Women's Health, Charité
Universitatsmedizin Berlin, Germany

Correspondence to Henry Vélzke, MD, Institute of Epidemiology and Social
Medicine, Ernst Moritz Arndt University, Walther Rathenau Str. 48, D-17487
Greifswald, Germany

Tel: +49 3834 867707; fax: +49 3834 866684,

e-mail: voelzke@uni-greifswald.de

Received 24 January 2007 Revised 24 April 2007
Accepted 21 May 2007

A Japanese investigation [9] found an inverse relation
between the number of teeth and hypertension in post-
menopausal women. From recent analyses of the popu-
lation-based Study of Health in Pomerania (SHIP) we
replicated this inverse association in men but not in
women [10].

Left ventricular hypertrophy is a major cardiac sequel of
hypertension and represents a powerful predictor of
morbidity and mortality from myocardial infarction,
stroke and congestive heart failure [11]. Since inflam-
mation is also a risk factor for left ventricular hypertrophy,
we decided to test the hypothesis that there is an inverse
association between number of teeth and left ventricular
mass (LVM). Until now, this question has not received
much attention, although precise epidemiological data on
the association between the number of teeth and LVM
may help explain the role of poor oral health as an
important predictor for all-cause and cardiovascular
mortality [12,13]. Existing studies on the association
between oral health and left ventricular hypertrophy
are limited by highly selected populations [14,15] or
by ECG-derived definition of left ventricular hypertro-
phy [16]. With the present study we sought to overcome
these limitations and to investigate whether there is an
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inverse association between the number of teeth and
echocardiographically measured LVM using data from a
population-based sample of older adults.

Methods

Study population

SHIP is a cross-sectional epidemiological survey in West
Pomerania, the north-eastern area of Germany. Study
details including sampling methods and non-response
analyses are given elsewhere [17,18]. In brief, a repre-
sentative sample from the West Pomeranian population
aged 20-79 years was taken. A sample comprising 7008
persons was selected using population registries where all
German inhabitants are registered. Only individuals with
German citizenship and main residency in the study area
were included. The net sample (without migrated or
deceased persons) comprised 6267 eligible subjects.
The SHIP population finally comprised 4310 participants
(response  proportion 68.8%). All participants gave
informed written consent. The study protocol is consist-
ent with the principles of the Declaration of Helsinki and
was approved by the Ethics Committee of the University
of Greifswald.

Echocardiography was @ priori only performed in subjects
aged 45 years or older (1274 women and 1304 men).
Thirty-three subjects (11 women and 22 men) were
excluded from the analyses because of a history of aortic
valve replacement or current aortic stenosis, as evidenced
by calcification of the leaflets with a reduced systolic
opening and a Doppler gradient of at least 15 mmHg.
Among the remaining, readable echocardiograms were
available from 1938 subjects (1043 women and 895 men).
A further of 25 subjects were excluded from the analyses
for refusing dental examinations (three women and three
men) and missing interview data (four women and
15 men). This resulted in a study population of 1913
subjects (1036 women and 877 men) who were available
for complete case analyses.

Measurements

Sociodemographic and medical characteristics were
assessed by computer-assisted personal interviews, which
were administered by trained and certified staff. Edu-
cation was categorized into three levels [low (< 10 years),
medium (10 years), high (> 10 years), categories based on
the Eastern German three-level school system]. Smoking
habits were divided into seven categories (never-smoker;
ex-smoker: <10, 10-19, >20 cigarettes/day; current
smoker < 10, 10-19, > 20 cigarettes/day). Diabetes mel-
litus was defined as a self-reported history of diabetes.
Height and weight were measured for the calculation of
the body mass index [BMI=weight (kg)/height* (m?)].

After a 5min resting period, systolic and diastolic blood
pressure was measured three times on the right arm of
seated participants, using a digital blood pressure monitor

(HEM-705CP; Omron Corporation, Tokyo, Japan) with
each reading being followed by a further resting period of
3min. One of two differently sized cuffs was applied
according to the circumference of the participant’s arm.
The mean of the second and third measurement was
calculated and used for the present analyses. To avoid
multicollinearity in the multivariable models, pulse pres-
sure rather than systolic and diastolic blood pressure was
used as a covariable in the multivariable analyses. Hy-
pertension was defined as systolic blood pressure
> 140 mmHg or diastolic blood pressure >90mmHg or
use of antihypertensive medication.

Two-dimensional and M-mode echocardiography was per-
formed by certified physicians using a Vingmed CFM
800A system (GE Medical Systems, Waukesha, Wiscon-
sin, USA). All data and measurements were stored digi-
tally. M-mode images of the left ventricle were recorded at
the papillary level. Left ventricular dimensions (interven-
tricular septum thickness, posterior wall thickness and left
ventricular end-diastolic diameter) were measured using
the leading-edge convention, and LLVM was calculated
from the three dimensions [19]. Comparison of all intra-
reader, intra-observer, inter-reader, and inter-observer
LVM measurements revealed Spearman correlation coef-
ficients of > 0.85 and differences in mean (+2 SD) of
<5% (< 25%). LVM index was calculated by LVM/ body
surface area. Left ventricular hypertrophy was defined by
a LVM >215g in men and > 156 g in women.

Trained and certificated dentists examined the dental
status of participants [20]. The number of teeth was
counted in the full mouth with the exception of the third
molars, which tend to be impacted, congenitally missing, or
removed surgically because of anticipated pericoronitis
[21]. The maximum number of teeth was therefore 28.
Theinter-observeragreementof the tooth countwas 100%.

Statistical analyses

The study population was divided into five groups using
the quintiles of the number of teeth (0, 1-10, 11-18, 19—
23 and 24-28 teeth). All analyses were sex-stratified.
Categorical data are presented as numbers and percen-
tages; continuous data are presented as mean (£ SE).
Multivariable analyses using LVM as the dependent vari-
able were performed as linear regressions, and as logistic
regressions using left ventricular hypertrophy. The coeffi-
cient B and its 95% confidence interval (95% CI) were
calculated in the case of linear regressions and the odds
ratio and its 95% CI in the case of logistic regressions. A
value of P < 0.05 was considered statistically significant.
Regression analyses were performed with SPSS software,
version 14.0.1 (SPSS GmbH Software, Munich, Germany).

Multiple imputations
Multiple imputations of missing echocardiographic data
have been recommended to reduce potential bias due to
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Relation between the number of teeth and left ventricular mass (n=1036 women and 877 men). Data are adjusted means (95% confidence
interval). Analyses were controlled for age, pulse pressure, use of antihypertensive medication, school education (three categories), smoking
behaviour (seven categories), diabetes and body mass index. *P < 0.05, fP<0.01 (reference group: 24-28 teeth).

and ECG abnormalities, including left ventricular
hypertrophy. Unfortunately, the Japanese study [16]
used an aggregated end point for statistical analyses
and did not specifically investigate left ventricular
hypertrophy as a separate dependent variable.

Given that periodontal disease is the most common cause
of tooth extraction in adults [8], the results in women are
also in line with two other studies [14,15]. The first study
[15] investigated 104 untreated subjects with essential
hypertension. Patients with higher extents of periodontal
disease had higher values for echocardiographically
determined LVM index in multivariable analyses, which
were controlled for body surface area as well as systolic
and diastolic blood pressure. The second study [14]

Fig. 2

analysed data from 99 recipients of kidney transplants
and found similar results. Unfortunately, none of these
studies [12—14] analysed the relation between oral health
and LLVM separately for women and men.

The most striking result of our study is the gender
difference in the relation between the number of teeth
and LLVM. While there was a stable trend over all
exposure categories in women, a blunted trend was found
in men. This gender difference may be explained by
several factors. First, it may reflect the generally higher
susceptibility of female hearts for hypertrophic changes.
Not only is the prevalence of left ventricular hypertrophy
higher in women than in men, but women also respond
with concentric hypertrophy following hypertension

130 T

Left ventricular mass index (g/m?)

[o ]
a

oW o

Tptt

24-28 19-23 11-18 1-10 0

24-28 19-23 11-18 1-10 0

Number of teeth

Relation between the number of teeth and left ventricular mass index (n = 1036 women and 877 men). Data are adjusted means (95% confidence
interval). Analyses were controlled for age, pulse pressure, use of antihypertensive medication, school education (three categories), smoking
behaviour (seven categories), diabetes and body mass index. *P < 0.05, fP<0.01 (reference group: 24-28 teeth).
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Table 5 Variables in the left ventricular mass model for participants who were either included in or excluded from complete case analysis

Women Men
Excluded (n=227) Included (n=1036) P Excluded (n=405) Included (n=877) P

Age (years) 62.7 (0.7) 60.3 (0.3) 0.003 64.8 (0.5) 61.2 (0.3) < 0.001
School education (%) 0.009 0.024

<10 years 69.2 58.2 65.9 57.9

10 years 21.6 30.3 215 26.1

>10 years 9.3 11.5 12.6 16.0
Cigarette smoking (%) 0.898 0.009

Never-smoker 62.9 63.3 12.4 19.2

Ex-smoker <10 cpd 15.4 13.6 18.3 19.4

Ex-smoker 10-19 cpd 5.4 5.0 15.7 14.1

Ex-smoker >20 cpd 2.7 1.9 27.7 23.5

Current smoker <10 cpd 6.3 7.8 6.1 6.2

Current smoker 10-19 cpd 5.0 6.4 12.7 8.2

Current smoker >20 cpd 2.3 1.9 7.1 9.5
Diabetes mellitus (%) 171 10.8 0.011 14.5 12.3 0.279
Body mass index (kg/mQ) 29.9 (0.3) 28.3 (0.2)) < 0.001 29.1 (0.2) 28.0 (0.1) < 0.001
Systolic blood pressure (mmHg) 142.4 (1.5) 138.3 (0.6) 0.008 149.0 (1.1) 147.1 (0.7) 0.113
Diastolic blood pressure (mmHg) 84.3 (0.8) 83.6 (0.3) 0.371 87.2 (0.6) 87.8 (0.4) 0.326
Pulse pressure (mmHg) 58.1 (1.2) 54.6 (0.5) 0.007 61.8 (0.8) 59.2 (0.5) 0.005
Use of antihypertensive medication (%) 42.9 36.4 0.077 41.7 35.6 0.042
Hypertension (%) 70.0 59.6 0.004 79.6 75.4 0.100
Number of teeth 11.9 (0.7) 13.7 (0.3) 0.011 10.8 (0.5) 14.2 (0.3) < 0.001
Left ventricular mass (g) - 170.0 (1.4) - 223.5 (2.0)

Imputation 1 181.2 (3.4) 0.001 237.1 (3.2) <0.001

Imputation 2 176.2 (3.5) 0.073 230.1 (2.7) 0.053

Imputation 3 182.7 (3.4) < 0.001 237.7 (2.9) < 0.001

Imputation 4 181.8 (3.7) 0.001 234.0 (3.0) 0.003

Imputation 5 177.9 (3.1) 0.019 232.5 (3.0) 0.011
Left ventricular hypertrophy (%) - 57.1 - 50.3

Imputation 1 64.8 0.037 60.7 < 0.001

Imputation 2 59.9 0.459 57.8 0.014

Imputation 3 67.4 0.005 59.0 0.004

Imputation 4 61.2 0.266 57.0 0.026

Imputation 5 64.3 0.053 57.0 0.026

The imputations 1 to 5 represent the five repetitions of the filled-in data set obtained from the multiple imputations of the missing values. Please see methods section for

detailed information.

ation might be partly explained by an increased risk of
atherosclerotic end points including endothelial dysfunc-
tion, stroke, myocardial infarction and aortic valve
sclerosis in individuals with periodontal disease
[23,35-37]. Other studies, however, did not confirm
these findings [38,39]. Since left ventricular hypertrophy
is a strong predictor of mortality [40,41], the inverse
association between the number of teeth and LVM
further explains the relation between poor oral health
and mortality, at least in the female population.

We conclude that there is an association between the
number of teeth and LVM in women aged 45 years or
older. In women, these findings further explain why poor
oral health predicts all-cause and circulatory mortality.
Further research in young, low-risk populations is needed
to explore this association in men.
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