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Inverse association between number of teeth and left
ventricular mass in women
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and Thomas Kocherb
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 (CI) 170.4, 186.3 g] while women with 24–

28 teeth had an adjusted LVM of 164.8 g (95% CI 156.8,

172.9 g; P < 0.01). In men, no such differences were observed.
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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
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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; elevated 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.
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
orized reproduction of this article is prohibited.
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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 a 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 [BMI¼weight (kg)/height2 (m2)].

After a 5 min resting period, systolic and diastolic blood

pressure was measured three times on the right arm of

seated participants, using a digital blood pressure monitor
opyright © Lippincott Williams & Wilkins. Unautho
(HEM-705CP; Omron Corporation, Tokyo, Japan) with

each reading being followed by a further resting period of

3 min. 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 � 90 mmHg 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 LVM 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 � 215 g 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 thetoothcountwas100%.

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
rized reproduction of this article is prohibited.
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missing values in complete case analysis [22]. As for the

complete case analyses, we also excluded all 33 subjects

with a history of aortic valve replacement or current aortic

stenosis from analyses with imputed data, resulting in an

imputed data set from 2545 subjects (1263 women and

1282 men).

In the present study, there were no missing values for

gender and age. Among the 2545 subjects the proportion

of missing values was � 1% for school education, smok-

ing, diabetes, BMI, systolic and diastolic blood pressure,

use of antihypertensive medication, and number of teeth.

The proportion of missing values for LVM was 24%. For

the imputation of missing echocardiographic data, we

used additional information on correlates to LVM from

the SHIP data set: history of myocardial infarction, ultra-

sound evidence of carotid artery stenosis [23], carotid

artery intima–media thickness [18], and ECG findings of

left ventricular hypertrophy (Sokolov index) [24].

We applied methods developed for incomplete data con-

taining both continuous and categorical variables which

were implemented in S-PLUS software (Insightful

Corporation, Seattle, Washington, USA) [25]. As recom-

mended, we investigated different imputation models. We

chose gender, school education (three categories) and

smoking status (seven categories) as categorical variables

of the saturated log-linear model; all other variables were

log-transformed or dichotomized. The multivariate normal

regression model was designed by the 42 cells of the

categorical variables. For each cell at least three obser-

vations for each of the continuous variables were available.

In alternative models, we used smoking status with three

categories (never-, ex-, or current smoking) to increase the

number of observations per cell. In addition, we stratified

according to use of antihypertensive medication. In further

analyses, we applied a separate imputation model to each

gender [22,26]. For all analysis we used a non-informative

prior [22,25,26] to generate five imputations.

For the combined analyses in women, the worst fraction

of missing information was 72% and was observed for

smoking � 20 cigarettes/day. The relative efficiency of

the estimate for smoking of � 20 cigarettes/day from the

combined imputations in women was 87%. For the other

variables in the model the corresponding percentages

were � 48% and � 91%. In men, the worst fraction of

missing information was 68% and was observed for BMI.

The relative efficiency of the estimate for BMI from the

combined imputations in men was 88%. The alternative

models and the separate imputations for each gender

yielded similar results compared with the analyses pre-

sented in Tables 3–5 below.

Results
In both women and men, subjects with fewer teeth were

older and less educated than subjects with more teeth
opyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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(Table 1). Among men with fewer teeth, there were lower

proportions of never-smokers and higher proportions of

former smokers compared to men with more teeth. In

women no such trends were found. Women with fewer

teeth more frequently had diabetes mellitus than women

with more teeth. In men, there was also a difference in

the diabetes prevalence between subjects with � 10 teeth

and subjects with � 11 teeth, but this trend was not stable

over all exposure groups. While women with fewer teeth

had higher BMI values than women with more teeth,

the mean BMI in men was relatively constant over all

exposure groups. Systolic blood pressure and pulse pres-

sure were higher in subjects with fewer teeth compared to

subjects with more teeth. Men with fewer teeth had lower

diastolic blood pressure than men with more teeth. The

latter difference was not present in women. Women and

men with fewer teeth received antihypertensive medi-

cation more frequently; this difference was greater in

women than in men. The proportion of hypertensives

continuously increased over decreasing number of teeth

in women. In men, this increase was also present but

blunted in subjects with � 10 teeth. Overall, hypertension

was more frequent in men (76.7%) than in women

(61.4%) (Table 1).

With regard to echocardiographic characteristics, women

with fewer teeth had higher values of LVM and LVM

index as well as more frequently left ventricular hyper-

trophy than women with more teeth (Table 2). In men,

these associations were less pronounced (Table 2).

Multivariable linear regression analyses in subjects with

complete variables revealed that the inverse association

between the number of teeth and LVM remained stable

after adjustment for age in the female population

(Table 3). Further inclusion of pulse pressure and use

of antihypertensive medication did not materially affect

the regression coefficients. The trend remained, but was

attenuated when BMI was also considered as covariable.

The full model, which included further potential con-

founders such as smoking behaviour and diabetes, only

marginally altered this result (Table 3, Fig. 1).

In contrast, no clear trend between the number of teeth

and LVM was observed in men (Table 3). Complete case

analyses adjusted for age, pulse pressure and use of anti-

hypertensive medication revealed a statistically significant

difference in LVM between men with 11–18 teeth com-

pared to men with 24–28 teeth, but this result was not

maintained when analyses were further adjusted for BMI

and other potential confounders (Table 3, Fig. 1).

Analyses using LVM index as alternative dependent

variable revealed similar results (Fig. 2). While in women

an inverse relation between the number of teeth

and LVM index was corroborated (Ptrend¼ 0.007),

no such relation was present in men (Ptrend¼ 0.746).
opyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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Logistic regression analyses were performed by using

left ventricular hypertrophy as the dependent variable

(Table 4). These analyses arrived at results similar to the

findings from the linear regressions. Again, there was an

inverse association between the number of teeth and the

dependent variable in women, but not in men (Table 4).

Additional analyses were performed using different

categorizations of age, BMI, and pulse pressure. Alterna-

tive models included hypertension instead of pulse pres-

sure and use of antihypertensive medication as indepen-

dent variables. Moreover, we tested further potential

confounding factors such as alcohol consumption and

healthcare utilization in the models. All these analyses

confirmed the main result of an inverse association of

the number of teeth with LVM, LVM index and left

ventricular hypertrophy.

The characteristics of subjects who were included in and

excluded from the complete case analysis are outlined in

Table 5. Women were more likely than men to be

included in the analysis. Subjects included were younger

and better educated than subjects excluded. The pro-

portions of current and ex-smokers were no different in

women who were included or not, while in men more

smokers were among those included compared to those

excluded. Included women were less likely to have a

history of diabetes mellitus, had lower BMI, systolic

blood pressure and pulse pressure values, and were

less likely to be hypertensive than excluded women.

Included men had higher BMI and pulse pressure values

and received antihypertensive medication less frequently

than excluded men. Participants who were included had

more teeth than those excluded. The imputed LVM

values in excluded subjects were higher than the

observed values in included subjects. Consequently,

included subjects had left ventricular hypertrophy less

commonly than excluded subjects (Table 5). Compared

to the complete case analyses, all multivariable models

using the imputed values arrived at similar results for the

association between number of teeth and LVM, LVMI

and left ventricular hypertrophy (Tables 3 and 4).

Discussion
In the present paper we demonstrate an association

between the number of teeth and LVM in women aged

45–79 years. These results were stable in analyses using

alternative end points and different sets of covariables.

Although the subjects who had to be excluded from the

study due to missing echocardiographic values differed

considerably from subjects with complete data, multiple

imputations did not suggest that such selection had

severely biased our major findings.

Findings in women are partly in concordance with a

Japanese population-based study [16], which revealed

an inverse association between the number of teeth
orized reproduction of this article is prohibited.
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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]
opyright © Lippincott Williams & Wilkins. Unautho
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and found similar results. Unfortunately, none of these

studies [12–14] analysed the relation between oral health

and LVM 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 LVM. 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
rized reproduction of this article is prohibited.
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more frequently than men [27]. Since in our female

population the inverse relation between the number of

teeth and LVM was independent of pulse pressure and

the use of antihypertensive medication, our data may

suggest that female hearts also respond more intensely to

inflammatory stimuli caused by poor oral health. Second,

the gender difference may be explained partly by varying

distributions of LVM determinants such as smoking

and hypertension. Women were more frequently never-

smokers and had hypertension less commonly than men. It

is conceivable that second-order risk factors are more

important in the female subpopulation that is at low risk

with respect to left ventricular hypertrophy, than in the

male high-risk population. Finally, survival bias may have

contributed to the gender differences. Also, against the

background of our previous report on an inverse association

between number of teeth and hypertension [10], men with

very few (� 10) teeth may be at a very high risk of LVH and

may have died as a result of cardiovascular disease at a

young age. This suggestion is supported by the finding of

the present study that the proportion of male hyperten-

sives increased with decreasing number of teeth as long as

the number of teeth was � 11, but that this relation was

blunted in men with � 10 teeth. We cannot exclude from

our data that an association between tooth loss and left

ventricular hypertrophy might be present in younger men.

In this context, the a priori restriction of echocardiography

to subjects aged 45 years or older in our analyses might

have yielded a false-negative result in the male subpopu-

lation. This notion is supported by studies that found

stronger associations between periodontal and cardiovas-

cular disease in younger than in elderly men [28–30].

The inverse relation between the number of teeth and

LVM may be explained by several mechanisms. First, it

is conceivable that hypertension is an intermediate step

between poor oral health and LVM in men but not

necessarily in women, and that we may have underesti-

mated the relation between the number of teeth and

LVM in men by adjusting for pulse pressure and anti-

hypertensive medication in our analyses. Second,

systemic inflammatory mediators may exert direct effects

on the heart muscle. Examples include pro-inflammatory

cytokines activating intracellular signalling [31] and high-

sensitivity C-reactive protein upregulating angiotensin II

type 1 receptors [32]. Both mechanisms are known to lead

to hypertrophy of myocytes. Third, poor oral health is

associated with insulin resistance [33], which in turn is an

important determinant of LVM [34]. Although we

adjusted our multivariable models for BMI and diabetes

mellitus, direct measures of insulin resistance were unfor-

tunately not available for the present study. We therefore

cannot unequivocally exclude residual confounding by

insulin resistance.

Tooth loss has been demonstrated repeatedly to predict

all-cause and circulatory mortality [12,13]. This associ-
orized reproduction of this article is prohibited.
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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 (n¼227) Included (n¼1036) P Excluded (n¼405) Included (n¼877) 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 21.5 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 (%) 17.1 10.8 0.011 14.5 12.3 0.279
Body mass index (kg/m2) 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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