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ABSTRACT  

Aim of the study: to evaluate the degree of statistical association between the oral parameter represented by the 

total number of permanent lost teeth (NLT) on both arches, and a certain type of cardiovascular disease. Materials 

and methods: 84 hospitalized participants in the Cardiology Department from DrobetaTurnu-Severin County 

Emergency Clinical Hospital were evaluated in the Emergency Dentistry Department of the same hospital. The 

demographic and clinical data were collected and statistically analyzed using Chi-square and Kendall’s tau-b, 

followed by two binomial regression models. Results: A strong, positive association between the NLT and the 

presence of heart valve diseases, respectively cardiomyopathy was highlighted by Chi-square tests (χ2(2) = 8.774, 

p = 0.023, respectively χ2(2) = 19.137, p < 0.0005) Also, NLT between 9 and 14 may be considered a statistically 

significant predictor of developing cardiomyopathy (unadjusted OR = 6.548, 95%CI = 1.764 – 24.304, p < 

0.0005), and NLT between 15-27 for developing heart valve diseases (unadjusted OR = 7.886, 95% CI = 1.698 – 

36.616, p = 0.008). Conclusions: For the group of participants included in the study, NLT had a statistically 

significant predictive value especially for heart valve diseases and cardiomyopathy. 
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INTRODUCTION 

Cardiovascular diseases (CVD) represent a 

group of disorders of the heart and blood 

vessels representing the most common non-

communicable diseases and the main cause of 

death and disability worldwide, with dramatic 

socioeconomic impact [1]. Cardiovascular 

diseases affect millions of people in developed 

and developing countries, representing a 

public health problem [2]. Although a decrease 

in the mortality rate has been observed in 

developed countries in recent decades, 

cardiovascular diseases are still the main cause 

of death [3]. In Romania, 1 out of 2 people die 

due to a cardiovascular disease, representing a 

percentage of 52%, almost double the EU 
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average. Standardized rates of mortality from 

cardiovascular diseases in Romania are two 

and a half times higher than the European 

average [4]. 

CVD develops gradually over time and 

manifests symptom sonly in the advanced 

stage [5]. It is estimated that by the year 2030, 

approximately 23.6 million people per year 

will die from CVD [6]. 

The relationship between oral and general 

health has been paying attention from 

clinicians and researchers, more and more [7]. 

The reason why oral health is gaining attention 

worldwide is explained by the fact that it has 

an impact on peoples ‘overall health and 

quality of life [8]. Indeed, data from 

specialized literature show that oral health has 

an impact on general health and vice versa. 

This type of oral-general health interaction has 

been recognized by dentists and general 

practitioners [9]. 

In 2022, the WHO Report on the State 

of Global Oral Health estimated that oral 

diseases affect almost 3.5 billion people 

worldwide, with 3 out of 4 people in middle-

income countries being affected. According to 

the WHO report, oral diseases of public health 

importance are dental caries, periodontal 

diseases, tooth loss, as well as oral cancers. 

Tooth loss is generally the end point of an 

oral condition, mainly advanced tooth decay 

and severe periodontal disease, but can also be 

due to trauma or other causes. The estimated 

global mean prevalence of complete tooth loss 

is nearly 7% among people aged 20 years or 

older. For people aged 60 years or older, a 

much higher overall prevalence of 23% was 

estimated [10]. 

In Japan, 40% of people aged 40s and 60% 

of people aged 50s have lost at least one tooth 

[11]. In the United States, 26% of adults aged 

65 or older have eight or fewer teeth left, and 

about 17% of them have lost all their teeth 

[12]. 

Tooth loss has been associated with various 

chronic systemic conditions [9], among them 

cardiovascular diseases [13]. In the last two 

decades, many studies have been carried out, 

indicating a close relationship between the oral 

cavity and cardiovascular diseases (CVD), 

although the pathological and physiological 

mechanisms have not been fully explained 

[14,15]. Studies have reported that the risks of 

CVD and stroke were increased in subjects 

with a reduced number of teeth at the time of 

examination or tooth loss during disease 

monitoring [16]. The fact that tooth loss has 

been considered a risk factor for brain diseases 

and CVD [2] has led to numerous studies that 

have analyzed the association between tooth 

loss and signs of CVD revealed by coronary 

angiography in coronary atherosclerosis, by 

ultrasound carotid or by self-report in the case 

of angina pectoris [17-19]. 

Tooth loss is one of the common markers 

for assessing oral health status [20]. Studies 

measuring the association between lost teeth 

and signs of CVD – such as coronary 

atherosclerotic burden with coronary 

angiography, carotid ultrasound, arterial 

stiffness, or self-reported angina pectoris as a 

simple and objective indicator of inflammation 

within oral disease – but were independently 

associated with cardiovascular events and 

mortality in many epidemiological studies [21-

23]. 

The aim of the present study was to 

evaluate the degree of statistical association 

between the oral parameter represented by the 

total number of permanent teeth lost on both 

arches, and a certain type of cardiovascular 

disease, in a group of hospitalized subjects in 

the cardiology department, with various 

cardiovascular diseases. In this sense, for the 

subjects included in the study, it was 

investigated whether the number of lost teeth 

can be a predictive marker for a certain 

cardiovascular disease, taking other factors 
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into account. 

 

MATHERIALS AND METHODS 

Study design 

The study was conducted on 84 participants 

hospitalized in the Cardiology Department, in 

the period July - September 2022, within the 

Drobeta Turnu-Severin County Emergency 

Clinical Hospital, Romania. For those 

participants, the dental assessments and 

treatments were necessary in the Emergency 

Dentistry Department of the same hospital. For 

the analysis of the correlation of the number of 

lost teeth with a certain type of cardiovascular 

disease, only subjects hospitalized in the 

Cardiology Department were included in the 

study, because it was observed that oral health 

is frequently altered in case of hospitalized 

subjects [24]. Moreover, in some studies it is 

mentioned that 71.0% of the hospitalized 

subjects for various types of rehabilitation [25] 

and 91.0% of the hospitalized subjects for the 

care of acute conditions [26] present an altered 

oral status. 

This study received Approval No. 

06/14.07.2022 from the Ethical Council of the 

Drobeta Turnu-Severin County Emergency 

Clinical Hospital and Approva 

lNo.73/02.05.2022 from the University and 

Scientific Ethics and Deontology Commission 

of the University of Medicine and Pharmacy in 

Craiova, in accordance with the provisions of 

the Helsinki Declaration [27]. 

Selection of study participants 

Study participants were selected according 

to the inclusion and exclusion criteria. 

According to the inclusion criteria, adult 

subjects were elected for the study, whowere 

over 21 years old, with cardiovascular disease 

confirmed by a specialist cardiologist, with at 

least one lost tooth, without fixed and 

removable dentures. According to the 

exclusion criteria, participants under the age of 

21, with cardiovascular disease not confirmed 

by a cardiologist, with full dental arch or 

restored by fixed and removable dentures were 

not selected for the study. Each participant 

included in the study was informed about the 

purpose of the study and signed the informed 

consent. 

 

Dental evaluation 

The clinical dental examination of the 

participants included in the study was 

performed by a trained investigator, following 

WHO standards and the Helsinki Declaration 

[27]. For this purpose, each participant 

included in the study was seated in the chair of 

the dental unit in a sitting position, with the 

head in a normal position, using natural light, 

the light of dental operation lamp, the dental 

mirror (Mirror Rhodium Simple Stem Size:5-

24MM, Germany) and dental probe (Goldman 

– Fox – Willams PA-Probe DE Germany) [28]. 

Both arches were considered to have a 

maximum number of 28 teeth, and the 

presence or absence of wisdom teeth, impacted 

teeth and residual deciduous teeth were not 

considered [29]. Each study participant had at 

least one lost tooth, considering both arches. 

 

Data collection 

For each subject included in the study, an 

observation sheet was drawn up during the 

hospitalization in the cardiology department. 

From the observation sheets of all study 

participants, the following data were collected: 

age, gender, residence, type of cardiovascular 

disease, presence of other systemic co-

morbidities. Depending on these, the 

following categories of parameters were 

specified: 

- the demographic parameters that included the 

following variables: a) age, for which the 

following age groups were established: 50-59 

years, 60-69 years, 70-79 years, over 80 years; 

b) gender, with two categories: male and 

female; c) residence, with two categories: 
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urban and rural; 

- the cardiovascular parameters, representing 

the type of cardiovascular disease mentioned 

in the observation sheet; the following 

categories of variables were thus created: heart 

valve diseases, coronary heart diseases, 

cardiomyopathies, cardiac arrhythmias, 

arterial hypertension (AHT); 

- the other systemic co-morbidities 

parameters, mentioned in the observation 

sheets, the following categories of variables 

being established: metabolic disorders, lung 

disorders, chronic renal failure, anasarca, 

others. 

Through the dental assessment, the value of 

the oral parameter represented by the total 

number of lost teeth on both arches was noted, 

referred to below as the number of lost teeth 

(NLT). Based on this value, the study 

participants were divided into several 

categories: the group with 1–8 lost teeth, the 

group with 9–14 lost teeth, the group with 15–

27 lost teeth [30]. Depending on the 

topography of the absent teeth and the location 

of the edentulous areas of the ridges, the study 

participants were distributed, according to the 

Kennedy system of edentation classification, 

into four classes: class I included subjects with 

edentulous areas on both half-arches, located 

posterior to the remaining natural teeth; class 

II included subjects with an edentulous area 

located on a single hemi-arch, posterior to the 

remaining natural teeth; class III included 

subjects with an edentulous area located 

laterally, with remaining natural teeth both 

anterior and posterior to it; class IV included 

subjects with a single edentulous area, located 

anterior to the remaining teeth, but 

encompassing both hemi-arches, crossing the 

midline [31]. The participants with 1–2 

remaining teeth were included in the category 

of those with extended edentation [32], and 

those with 28 lost teeth on an arch in the 

category of those with complete edentulism 

[33]. 

 

Statistical analysis 

Descriptive analysis of participants’ data 

was performed using Microsoft Excel 365 

(San Francisco, CA, USA). Statistical analysis 

was performed using Statistical Package for 

Social Sciences (SPSS), version 26 (IBM 

Corp., Armonk, NY, USA). Mean ± standard 

deviation (SD) was used for continuous 

variables; these variables were compared 

using Kendall’s tau-b test. All categorical 

variables were defined as numerical values and 

percentages, and their associations were tested 

with the Chi-square test. Six binomial 

regression models were created to ascertain the 

effects of the studied parameters on the 

probability of participants having a certain 

cardiovascular disease. Three partial 

regression models (generic Model 1) included 

all categories of demographic variables (age, 

gender, residence) and each category of the 

NLT oral parameter. Three complete 

regression models (generic Model 2) included 

all categories of demographic variables (age, 

gender, residency), all categories of co-

morbidities (metabolic diseases, lung diseases, 

kidney failure, and anasarca, others) and each 

category of the NLT oral parameter. Linearity 

of the continuous variables with respect to the 

logit of the dependent variable was assessed 

via the Box-Tidwell (1962) procedure. A 

Bonferroni correction was applied using all 

terms in the models, resulting in statistical 

significance being accepted when p < 0.01 (for 

Model 1) and p < 0.00714 (for Model 2). 

Based on this assessment, all continuous 

independent variables were found to be 

linearly related to the logit of the dependent 

variable.

Table 1. Distribution of the study participants according to specified parameters. 
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1. Demographic parameters 

Age group 50 – 59 years 60 – 69 years 70 – 79 years over 80 years 

No. (%) 21 (25.00%) 19 (22.62%) 35 (41.67%) 9 (10.71%) 

Gender Males Females 

No. (%) 40 (47.62%) 44 (52.38%) 

Residence Urban Rural 

No. (%) 34 (40.48%) 50 (52.59%) 

2. Cardiovascular parameters (type of cardiovascular disease) 

CVD 
Diseases of 

the valves 

Coronary 

diseases 

Disorders of 

rythm 
Cardiomyopathy AHT 

No. (%) 58 (59.05%) 44 (52.38%) 44 (52.38%) 60 (71.43%) 48 (57.14%) 

3. Parameters: other general comorbidities 

Comorbidities Metabolic Lung 
Chronic renal failure 

Anasarca 
Comorbidities 

No. (%) 36 (42.86%) 64 (76.19%) 30 (35.71%) 22 (26.19%) 

 

RESULTS 

The descriptive statistical processing of the 

recorded data revealed that the age of the 

participants included in the study varied 

between 50-89 years (average 69.49 ± 10.09).  

Of the 84 participants included in the study, 

only 13.1% (n=11) were aged between 50-59 

years and had NLT between 1-8, and 30.91% 

(n=27) were aged over 70 years and had NLT 

over 9. The distribution of study participants 

according to the defined parameters is shown 

in Table1. 

 

Table 2. Study participants’ distribution according to NLT and type of edentation. 

No Oral parameter: NLT 

1. 1-8 lost teeth 9-14 lost teeth 15-27 lost teeth 

No. (%) 27 (32.14%) 32 (38.10%) 25 (29.76%) 

2. 

Type of maxillary edentation 

Class I 

Kennedy 

Class II 

Kennedy 

Class III 

Kennedy 

Fourth class 

Kennedy 

Extended 

edentation 

Complete 

edentulism 

No. (%) 6 (7.14%) 28(33.33%) 35(41.67%) 0(0.0%) 13(15.48%) 2(2.38%) 

3. 

Type of mandible edentation 

Class I 

Kennedy 

Class II 

Kennedy 

Class III 

Kennedy 

Fourth class 

Kennedy 

Extended 

edentation 

Complete 

edentulism 

No. (%) 22 (26.19%) 30 (35.71%) 24 (28.57%) 0 (0.0%) 6 (7.14%) 2 (2.38%) 

 

The value of the oral NLT parameter 

ranged from 2 to 26 (mean 12.42 ± 5.52), and 

41.67% (n=35) of the subjects presented 

maxillary Kennedy class III edentation and 

35.71% (n=30) presented mandibular 

Kennedy class III edentation (Table 2). 

Distribution of study participants is 

presented in Table 3 according to NLT group, 

demographic data, CVD category and type of 

co-morbidity. 

Table 3. Distribution of study participants according to NLT, demographic data, CVD category 

and type of comorbidity. 

NLT categories 
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 1-8 lost teeth 9-14 lost teeth 15-27 lost teeth Total 

Total subjects 27 32 25 84 

1. Demographic data 

a. Age (years old)     

50–59 11 (52.4%) 8 (38.1%) 2 (9.5%) 21(100%) 

60–69 7 (36.8%) 6 (31.6%) 6 (31.6%) 19(100%) 

70–79 9 (25.7%) 15 (42.9%) 11 (31.4%) 35(100%) 

+80  0 (0%) 3 (33.3%) 6 (66.7%) 9 (100%) 

b. Gender      

Males 16 (40.0%) 11 (27.5%) 13 (32.5%) 40(100%) 

Females 11 (25.0%) 21 (47.7%) 12 (27.3%) 44(100%) 

c. Residency     

Rural 15 (30.0%) 20 (40.0%) 15 (30.0%) 50(100%) 

Urban  12 (35.3%) 12 (35.3%) 10 (29.4%) 34(100%) 

2. CVD data 

Heart valve diseases 16 (27.6%) 19 (32.8%) 23 (39.7%) 58(100%) 

Coronary heart diseases 17 (38.6%) 13 (29.5%) 14 (31.8%) 44(100%) 

Cardiomyopathies 11 (18.3%) 29 (48.3%) 20 (33.3%) 60(100%) 

Cardiac arrhythmias 13 (29.5%) 19 (43.2%) 12 (27.3%) 44(100%) 

Arterial hypertension 12 (25.0%) 21 (43.8%) 15 (31.2%) 48(100%) 

3. Comorbidities 

Metabolic comorbidities 9 (25.0%) 13 (36.1%) 14 (38.9%) 36(100%) 

Lung comorbidities 19 (29.7%) 28 (43.8%) 17 (26.6%) 64(100%) 

Kidney failure and 

anasarca 
8 (28.6%) 12 (42.9.%) 8 (28.6%) 28(100%) 

Other comorbidities 4 (18.2%) 13 (59.1%) 5 (22.7%) 22(100%) 

 

A Chi-square test for association was 

conducted between the category of NLT and 

the presence of a specific CVD. All expected 

cell frequencies were greater than five. There 

was a statistically significant association 

between the NLT categories and the presence 

of heart valve diseases, χ2(2) = 8.774, p = 

0.023, as well as the presence of 

cardiomyopathy, χ2(2) = 19.137, p < 0.0005. 

No association was identified in relation to the 

presence of coronary heart diseases, cardiac 

arrhythmia disorders, or AHT. 

Also, a Kendall’s tau-b correlation was run 

to determine the relationship between the NLT 

value and the presence of a specific CVD 

amongst the 84 participants. There was a 

strong, positive association between the NLT 

groups and the presence of heart valve 

diseases, which was statistically significant, τb 

= 0.183, p = 0.048. Similar results were 

obtained in relation to the presence of 

cardiomyopathy, with τb = 0.262, p = 0.005. 

No other associations were identified. 

For each category of NLT, the odds ratio 

(OR) analysis for developing a specific CVD 

(unadjusted and independently adjusted with 

demographic and co-morbidities data) 

provided the results presented in Table 4. 

Table 4. Unadjusted and independently adjusted odds ratio for the NLT categories according to 

CVD. 

 Categories of subjects according to NLT OR (95% CI) 
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Cardiac 

condition 

1-8 lost teeth 9-14 lost teeth 15-27 lost teeth 

OR (95% CI) p OR (95% CI) p OR (95% CI) p 

No adjustment 

Heart valve 

diseases 
0.519 (0.197–1.368) 0.185 0.487 (0.189 –1.253) 0.136 7.886 (1.698 –36.616) 0.008 

Coronary heart 

diseases 
1.889 (0.739–4.827) 0.179 0.463 (0.189 –1.137) 0.093 1.230 (0.480 –3.150) 0.666 

Cardiomyo-

pathies 
0.112 (0.038–0.328) <0.0005 6.548 (1.764 –24.304) <0.0005 1.900 (0.619 –5.834) 0.262 

Cardiac 

arrhythmias 
0.779 (0.311–1.949) 0.593 1.578 (0.648 –3.847) 0.315 0.779 (0.305 –1.988) 0.601 

Arterial 

hypertension 
0.467 (0.184–1.183) 0.108 1.768 (0.712 –4.391) 0.220 1.182 (0.457 –3.059) 0.731 

Adjustment with gender 

Heart valve 

diseases 
0.502 (0.187–1.343) 0.170 0.480 (0.182–1.264) 0.137 7.883 (1.696–36.646) 0.008 

Coronary heart 

diseases 
1.657 (0.630–4.362) 0.306 0.543 (0.215–1.373) 0.197 1.169 (0.444–3.081) 0.752 

Cardiomyopat

hies 
0.118 (0.040–0.346) <0.0005 6.138 (1.632–23.081) 0.007 2.005 (0.64–6.245) 0.230 

Cardiac 

arrhythmias 
0.799 (0.315–2.023) 0.636 1.547 (0.623–3.843) 0.347 0.787 (0.308–2.012) 0.617 

Arterial 

hypertension 
0.471 (0.184–1.209) 0.117 1.746 (0.690–4.423) 0.240 1.195 (0.461–2.842) 0.690 

Adjustment with age 

Heart valve 

diseases 
0.605 (0.211–1.736) 0.350 0.459 (0.176–1.201) 0.113 7.628 (1.571–37.033) 0.012 

Coronary heart 

diseases 
1.642 (0.594–4.541) 0.340 0.473 (0.192–1.167) 0.104 1.583 (0.572–4.377) 0.376 

Cardiomyopat

hies 
0.062 (0.016–0.245) <0.0005 6.515 (1.753–24.210) 0.005 1.913 (0.585–6.251) 0.283 

Cardiac 

arrhythmias 
0.820 (0.302–2.230) 0.698 1.562 (0.640–3.816) 0.327 0.692 (0.254–1.887) 0.472 

Arterial 

hypertension 
0.544 (0.198–1.493) 0.237 1.720 (0.686–4.310) 0.247 0.942 (0.340–2.610) 0.908 

Adjustment with residence 

Heart valve 

diseases 
0.514 (0.195–1.357) 0.179 0.489 (0.19-1.259) 0.138 7.906 (1.702-36.736) 0.008 

Coronary heart 

diseases 
1.888 (0.738–4.833) 0.185 0.464 (0.189-1.138) 0.093 1.231 (0.481-3.152) 0.665 

Cardiomyopat

hies 
0.102 (0.034–0.309) <0.0005 6.868 (1.83-25.773) 0.004 1.916 (0.621-5.909) 0.258 

Cardiac 

arrhythmias 
0.793 (0316–1.994) 0.623 1.557 (0.637-3.809) 0.332 0.775 (0.303-1.987) 0.596 

Arterial 

hypertension 
0.462 (0.182–1.174) 0.105 1.781 (0.716-4.434) 0.215 1.183 (0.457-3.063) 0.729 

Adjustment with metabolic comorbidities 

Heart valve 

diseases 
0.454 (0.167-1.24) 0.124 0.466 (0.178-1.218) 0.119 10.517 (2.133-51.854) 0.004 

Coronary heart 

diseases 
2.353 (0.869-6.372) 0.092 0.458 (0.181-1.158) 0.099 1.021 (0.382-2.734) 0.967 

Cardiomyopat 0.107 (0.036-0.32) <0.0005 6.59 (1.773-24.494) 0.005 1.91 (0.613-5.956) 0.265 
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hies 

Cardiac 

arrhythmias 
0.603 (0.223-1.631) 0.319 1.581 (0.615-4.062) 0.342 1 (0.365-2.738) 1.000 

Arterial 

hypertension 
0.501 (0.195-1.288) 0.151 1.847 (0.731-4.665) 0.194 1.042 (0.392-2.772) 0.934 

Adjustment with lung comorbidities 

Heart valve 

diseases 
0.478 (0.178-1.286) 0.144 0.535 (0.204-1.404) 0.204 7.535 (1.614-35.168) 0.010 

Coronary heart 

diseases 
2.052 (0.785-5.369) 0.143 0.382 (0.149-0.983) 0.046 1.343 (0.513-3.516) 0.548 

Cardiomyopat

hies 
0.106 (0.034-0.329) <0.0005 5.64 (1.489-21.36) 0.011 2.465 (0.738-8.238) 0.143 

Cardiac 

arrhythmias 
0.819 (0.323-2.075) 0.674 1.428 (0.573-3.557) 0.445 0.835 (0.322-2.165) 0.711 

Arterial 

hypertension 
0.49 (0.19-1.264) 0.140 1.535 (0.602-3.917) 0.370 1.339 (0.5-3.586) 0.561 

Adjustment with other comorbidities 

Heart valve 

diseases 
0.339 (0.114-1.012) 0.053 0.647 (0.236-1.772) 0.397 7.992 (1.646-38.798) 0.010 

Coronary heart 

diseases 
1.972 (0.758-5.13) 0.164 0.422 (0.165-1.082) 0.072 1.246 (0.484-3.204) 0.649 

Cardiomyopat

hies 
0.075 (0.022-0.261) <0.0005 10.331 (2.35-45.407) 0.002 1.831 (0.593-5.66) 0.293 

Cardiac 

arrhythmias 
0.722 (0.283-1.843) 0.495 1.812 (0.709-4.632) 0.214 0.75 (0.291-1.93) 0.551 

Arterial 

hypertension 
0.283 (0.099-0.814) 0.019 3.842 (1.169-12.628) 0.027 1.024 (0.371-2.828) 0.964 

Adjustment with kidney failure and anasarca 

Heart valve 

diseases 
0.52 (0.198-1.383) 0.190 0.48 (0.181-1.244) 0.128 7.94 (1.713-36.941) 0.008 

Coronary heart 

diseases 
1.84 (0.702-4.841) 0.212 0.48 (0.196-1.195) 0.114 1.22 (0.464-3.215) 0.686 

Cardiomyopat

hies 
0.103 (0.036-0.321) <0.0005 6.59 (1.741-24.952) 0.006 2.00 (0.636-6.312) 0.236 

Cardiac 

arrhythmias 
0.817 (0.318-2.124) 0.677 1.50 (0.591-3.794) 0.385 0.78 (0.292-2.073) 0.620 

Arterial 

hypertension 
0.466 (0.182-1.184) 0.108 1.77 (0.718-4.416) 0.219 1.18 (0.461-3.065) 0.731 

 

The unadjusted OR for oral parameter NLT 

with values between 9 and 14 may be 

considered a statistically significant predictor 

of developing cardiomyopathy (OR = 6.548, 

95%CI = 1.764 – 24.304, p < 0.0005), unlike 

the loss of less than 9 teeth, which seem to 

have a reversed role (OR = 0.112, 95% CI = 

0.038 – 0.328, p < 0.0005). Also, the 

unadjusted OR for oral parameter NLT with 

values between 15-27 may be considered a 

statistically significant predictor of developing 

heart valve diseases (OR = 7.886, 95% CI = 

1.698 – 36.616, p = 0.008). These two 

parameters maintain their role as statistically 

significant predictors even when associated 

with demographic parameters (gender, age, 

residence) or co-morbidities (metabolic or 

lung-associated co-morbidities, kidney failure, 

and anasarca) (Table 4). The adjustment with 

other co-morbidities confirms the role of the 

oral parameter NLT with values between 9 and 

14, as a statistically significant predictor of 
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developing cardiomyopathy (OR = 3.842, 95% 

CI = 1.169 – 12.628, p = 0.027), unlike the loss 

of less than 9 teeth, which seem to have a 

reversed role (OR = 0.283, 95% CI = 0.099 – 

0.814, p = 0.019). 

 

Partial model analysis (Model 1) 

For coronary heart diseases, cardiac rhythm 

disorders and AHT, the three logistic 

regression models were not statistically 

significant, p > 0.05. No predictor variable 

(NLT, gender, age, or residence) was 

statistically significant.  

For cardiomyopathy, two models were 

statistically significant. The first model 

included the first category of subjects with 1 – 

8 NLT. There were two standardized residuals 

with values close to 2.5 standard deviations, 

which were kept in the analysis. The logistic 

regression model was statistically significant, 

χ2(4) = 23.204, p < 0.0005. The model 

explained 34.6% (Nagelkerke R2) of the 

variance in cardiomyopathy and correctly 

classified 76.2% of cases. Of the four predictor 

variables, only NLT was statistically 

significant. Subjects with NLT ≤ 8 had smaller 

odds of exhibiting cardiomyopathy than 

subjects with NLT > 8.  

The second model included the following 

category of subjects with NLT between 9 and 

14. There were two standardized residuals 

with values close to 2.5 standard deviations, 

which were kept in the analysis. The logistic 

regression model was statistically significant, 

χ2(4) = 12.023, p < 0.017. The model explained 

34.6% (Nagelkerke R2) of the variance in 

cardiomyopathy and correctly classified 

67.9% of cases. Of the four predictor variables, 

only NLT was statistically significant. 

Subjects with NLT between 9 and 14 had 

6.466 higher odds to exhibit cardiomyopathy 

than the other subjects. 

For heart valve diseases – the model 

including the third category of subjects with 

NLT between 15 and 27 – was statistically 

significant. There was one standardized 

residual, around 2.5 standard deviations, 

which was kept in the analysis. The logistic 

regression model was statistically significant, 

χ2(4) = 10.392, p = 0.034. The model explained 

16.4% (Nagelkerke R2) of the variance in 

valvular disease and correctly classified 69% 

of cases. Of the four predictor variables, only 

NLT was statistically significant. Subjects 

with NLT ≥ 15 had 7.631 times higher odds to 

exhibit heart valve diseases than subjects with 

NLT < 15. 

 

Complete model analysis (Model 2) 

For cardiac rhythm disorders, the logistic 

regression models (for all three categories of 

lost teeth) were not statistically significant, p > 

0.05. No predictor variable (NLT, gender, age, 

residence, metabolic co-morbidities, lung co-

morbidities, kidney failure and anasarca, other 

co-morbidities) was statistically significant.  

For heart valve and coronary heart diseases, 

the model corresponding to the category of 

subjects with NLT between 9-14 was also not 

statistically significant, p > 0.05. For coronary 

diseases and AHT, the model corresponding to 

the category of subjects with NLT between 15-

27, was not statistically significant, p > 0.05. 

For heart valve diseases – two models were 

statistically significant. For the model 

corresponding to subjects with 1-8 lost teeth, 

there was one standardized residual, around 

2.5 standard deviations, which was kept in the 

analysis. The logistic regression model was 

statistically significant, χ2(7) = 20.343, p = 

0.009. The model explained 30.3% 

(Nagelkerke R2) of the variance in valvular 

disease and correctly classified 72.6% of 

cases. Of the eight predictor variables, only 

two were statistically significant. The presence 

of co-morbidities (lung and other co-

morbidities) and NLT ≤ 8 were associated with 

a reduction in the likelihood of exhibiting heart 
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valve diseases. For the second model (15-27 

NLT), there was one standardized residual, 

around 2.5 standard deviations, which was 

kept in the analysis. The logistic regression 

model was statistically significant, χ2(7) = 

22.810, p = 0.004. The model explained 33.5% 

(Nagelkerke R2) of the variance in heart valve 

diseases and correctly classified 73.8% of 

cases. Of the eight predictor variables, only 

two were statistically significant. Subjects 

with NLT ≥ 15 had almost 10 times higher 

odds of exhibiting heart valve disorders than 

the others, while the presence of co-

morbidities (other than lung and metabolic 

diseases) were associated with a reduction in 

the likelihood of exhibiting heart valve 

diseases. 

For coronary disorders – the model 

corresponding to the first category of lost teeth 

(1-8 NLT) was statistically significant. For this 

model, there were two standardized residuals, 

around 2.5 standard deviations, which were 

kept in the analysis. The logistic regression 

model was statistically significant, χ2(7) = 

20.811, p = 0.008. The model explained 29.3% 

(Nagelkerke R2) of the variance in valvular 

disease and correctly classified 79.8% of 

cases. Of the eight predictor variables, only 

two were statistically significant. Subjects 

with metabolic diseases had almost 3 times 

higher odds of exhibiting coronary heart 

disorders than the others, while kidney failure 

and anasarca were associated with a reduction 

in the likelihood of exhibiting these diseases. 

For cardiomyopathy – all three models 

were statistically significant. The first model 

included subjects with NLT between 1 – 8. 

There were three standardized residuals with 

values around 2.5 standard deviations, which 

were kept in the analysis. The logistic 

regression model was statistically significant, 

χ2(7) = 47.052, p < 0.0005. The model 

explained 61.5% (Nagelkerke R2) of the 

variance in cardiomyopathy and correctly 

classified 84.5% of cases. Of the eight 

predictor variables, four were statistically 

significant. Subjects with associated lung 

diseases had 2.622 times higher odds to exhibit 

cardiomyopathy than subjects without lung 

diseases, while subjects with an increased age 

had 1.16 times higher odds to exhibit 

cardiomyopathy than the others. On the other 

hand, NLT ≤ 8 and the presence of kidney 

failure and anasarca were associated with a 

reduction in the likelihood of exhibiting 

cardiomyopathy.  

The second model included subjects with 

NLT between 9 -15. There were three 

standardized residuals, around 2.5 standard 

deviations, which were kept in the analysis. 

The logistic regression model was statistically 

significant, χ2(7) = 26.764, p = 0.001. The 

model explained 39.1% (Nagelkerke R2) of 

the variance in valvular disease and correctly 

classified 75.0% of cases. Of the eight 

predictor variables, three were statistically 

significant. Subjects with NLT ≤ 14 and the 

presence of kidney failure and anasarca had 

11.813 times higher odds, respectively 7.186 

times higher odds to exhibit cardiomyopathy 

than subjects without these diseases. On the 

other hand, co-morbidities (other than 

metabolic or lung) were associated with a 

reduction in the likelihood of exhibiting 

cardiomyopathy.  

The third model included subjects with 

NLT between 15 and 27. There were three 

standardized residuals, around 2.5 standard 

deviations, which were kept in the analysis. 

The logistic regression model was statistically 

significant, χ2(7) = 21.145, p = 0.007. The 

model explained 31.9% (Nagelkerke R2) of 

the variance in valvular disease and correctly 

classified 81.0% of cases. Of the eight 

predictor variables, two were statistically 

significant. Subjects with kidney failure and 

anasarca, as well as subjects with lung co-

morbidities had 6.017 times higher odds, 
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respectively 6.767 times higher odds to exhibit 

cardiomyopathy than subjects without these 

diseases.  

Table 5. Adjusted regression analyses on the association between clinical and dental variables 

and CVD. 

 Oral parameter NLT OR (95% CI) 

Cardiac 

condition 

1-8 lost teeth 9-14 lost teeth 15-27 lost teeth 

OR (95% CI) p OR (95% CI) p OR (95% CI) p 

NLT adjusted with demographic parameter data (partial model) 

Heart valve 

diseases 
0.582 (0.2-1.695) 0.321 0.464 (0.174-1.24) 0.126 7.631 (1.565-37.212) 0.012 

Coronary heart 

diseases 
1.507 (0.528-4.298) 0.444 0.547 (0.216-1.389) 0.205 1.421 (0.496-4.069) 0.513 

Cardiomyo-

pathies 
0.057 (0.014-0.235) <0.0005 6.466 (1.702-24.564) 0.006 2.162 (0.652-7.169) 0.208 

Cardiac 

arrhythmias 
0.856 (0.311-2.351) 0.763 1.518 (0.608-3.787) 0.371 0.698 (0.253-1.926) 0.487 

Arterial 

hypertension 
0.538 (0.194-1.491) 0.234 1.747 (0.682-4.47) 0.245 0.953 (0.34-2.669) 0.927 

NLT adjusted with demographic and comorbidities parameters data (complete model) 

Heart valve 

diseases 
0.164 (0.038-0.701) 0.015 0.802 (0.259-2.484) 0.702 9.658 (1.752-53.249) 0.009 

Coronary heart 

diseases 
3.133 (0.845-11.624) 0.088 0.324(0.100-1.043) 0.059 1.226 (0.380-3.958) 0.734 

Cardiomyopat

hies 
0.007 (0.001-0.087) <0.0005 11.813 (1.869-74.670) 0.009 4.272 (0.978-18.652) 0.054 

Cardiac 

arrhythmias 
0.470 (0.135-1.639) 0.236 1.746 (0.559-5.446) 0.337 1.093 (0.340-3.515) 0.882 

Arterial 

hypertension 
0.303 (0.086-1.066) 0.063 3.957 (1.046-14.964) 0.043 0.802 (0.236-2.730) 0.725 

 

For AHT – two models were statistically 

significant. The first model included the first 

category of lost teeth (1-8 NLT). There were 

two standardized residuals with values around 

2.5 standard deviations, which were kept in the 

analysis. The logistic regression model was 

statistically significant, χ2(7) = 24.538, p = 

0.002. The model explained 34.0% 

(Nagelkerke R2) of the variance in 

cardiomyopathy and correctly classified 

71.4% of cases. Of the eight predictor 

variables, one was statistically significant. 

Subjects with associated metabolic diseases 

had 3.445 times higher odds of exhibiting 

AHT than subjects without metabolic diseases. 

For the second model, the logistic regression 

model was statistically significant, χ2(7) = 

25.652, p = 0.001. The model explained 35.3% 

(Nagelkerke R2) of the variance in AHT 

presence and correctly classified 76.2% of 

cases. Of the eight predictor variables, three 

were statistically significant. Subjects with 

NLT ≤ 14 and the presence of metabolic co-

morbidities had 3.957 times higher odds, 

respectively 1.934 times higher odds to exhibit 

AHT than subjects without these diseases. On 

the other hand, co-morbidities (other than 

metabolic or lung diseases) were associated 

with a reduction in the likelihood of exhibiting 

AHT. Overall results for NLT categories are 

present in Table 5. 
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DISCUSSIONS 

The investigation of the statistical 

association relationship between the oral 

parameter NLT and the types of cardiovascular 

conditions, present in a group of hospitalized 

subjects, highlighted the fact that the NLT 

correlates statistically with certain 

cardiovascular conditions, and the type of 

statistical correlation between the two 

parameters varies according to the variables’ 

adjustment. In 2021, Beukers et al., in a 

systematic review and meta-analysis of 75 

prospective cohort studies from around the 

world, provided evidence that tooth loss is 

associated with an increased risk of events 

related to atherosclerotic cardiovascular 

diseases [34]. However, the relationship 

between oral health and cardiovascular 

diseases is complex and multifaceted, 

remaining a topic still under debate [35]. 

The main categories of cardiovascular 

diseases present in the subjects included in the 

study were varied: heart valve diseases, 

coronary diseases, cardiomyopathies, rhythm 

disorders, AHT. CVDs comprise various 

conditions that affect the heart and its blood 

vessels [36] often including the following 

types: (a) atherosclerotic cardiovascular 

diseases (coronary, cerebrovascular and 

peripheral vascular diseases), (b) valvular 

diseases of the heart, (c) heart failure and 

cardiomyopathies, (d) arrhythmias, (e) 

infectious and autoimmune conditions 

(including infective endocarditis), and (f) 

hypertension [37]. 

In the studied group, the NLT value 

increased with the age of the study 

participants. Borg-Bartolo et al. mentioned the 

fact that untreated carious lesions and tooth 

loss represent oral conditions with a high 

prevalence worldwide, however, with great 

variations from one country to another, from 

one age group to another and according to 

socio-economic status, although the research 

results were limited [38]. In 2015, Dye et al. 

reported that approximately 52% of US adults 

aged 20-64 have at least one lost tooth, and 

19% of people aged 65 and over are 

completely edentulous [39]. Zhang et al. 

showed that tooth loss is highly associated 

with aging, showing that each 1-year increase 

in age is statistically associated with a 9% 

increase in the probability of becoming 

complete edentulism. The authors concluded 

that there is an approximately 2.5 times higher 

risk of becoming complete edentulous for 

every 10 years of aging [9]. The increase in the 

value of the oral NLT parameter with age is an 

important aspect of its predictive value, 

regarding cardiovascular diseases. In this 

sense, some authors specify that, especially in 

old age, the effect of tooth loss on 

cardiovascular diseases is causal. The same 

authors show that the effect of tooth loss on 

stroke was significant only for people aged 

≥60 years [40]. 

The number of participants who belonged 

to the three value categories of the NLT varied 

according to the gender of the participants. If 

for the NLT category with value 1-8, the 

number of male participants was higher, for 

the NLT category with value 9-15 the number 

of female participants was double the number 

of male participants, and for the NLT category 

15- 27, the number of participants of both 

genders was approximately equal. These data 

suggest that throughout life, female 

participants lose more teeth than male 

participants. These results are consistent with 

the results of other research, which states that 

partially edentulous dental arches were 

significantly more common in women [41-43]. 

On the contrary, other studies reported no 

statistically significant correlation between 

gender and partially edentulous dental arches 

[44, 45]. Also, several studies have shown that 
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a statistically significant association between 

gender and tooth loss pattern was not achieved 

[46-48]. 

Class I is more frequent in the older age 

group as compared to the younger in which 

class III is more commonly present [41]. 

The data of the present study indicate that 

50 out of 84 (almost 60%) of the participants 

came from rural areas. Considering that all the 

subjects included in the study were 

hospitalized in the cardiology ward, these data 

suggest the idea that for the geographical area 

studied, among those who had a 

cardiovascular disease and required 

hospitalization, most came from the rural area. 

The number of subjects included in one of the 

NLT oral parameter categories varied by 

residential area. For the NLT category with a 

value of 1-8, the number of subjects from the 

rural environment was 25% higher than the 

number of subjects from the urban 

environment, and for the NLT category with a 

value of 15-27, the difference was 50%. 

Instead, from the point of view of the 

residential area, of 32 subjects belonging to the 

NLT category with a value of 9-14, 62.5% 

came from the rural environment and 37.5% 

from the urban environment. Similar results 

have been reported in other studies, which 

stated that tooth loss was higher among rural 

adults compared to urban adults [49]. Also, 

other studies have noted that male participants 

living in rural areas are more likely to have 

fewer teeth than urban participants [50] and 

that tooth loss is essentially greater among 

rural smokers compared with counterparts 

from the urban environment [51]. 

The analysis of statistical correlations 

between the category of NLT and 

cardiovascular diseases revealed a significant 

association between the category of NLT, as 

well as the effective value of NLT, and heart 

valve diseases and cardiomyopathies, but not 

with coronary diseases, heart rhythm disorders 

or AHT. 

The findings of the current study 

demonstrated using unadjusted and 

independently adjusted risk estimates with 

demographic parameter values (age, gender, 

residence) and co-morbidity parameter values 

(metabolic, lung, other, renal failure or 

anasarca) only a statistically significant 

association between NLT with 9-14 and 

cardiomyopathies and between NLT with 

value between 15-27 and heart valve diseases. 

For the oral NLT parameter with a value 

between 1-8, no associations were noted with 

any of the cardiovascular conditions studied, 

and for categories 9-14 and 15-27 of the NLT, 

no other types of associations were 

highlighted. 

Lee et al. showed that oral health, as 

assessed by the number of lost teeth, is 

statistically consistently, strongly, and dose-

dependently associated with myocardial 

infarction, heart failure, ischemic stroke, and 

mortality in a large population cohort, after 

adjustment for age, body mass index, other 

cardiovascular risk factors and socioeconomic 

status [29]. 

For heart valve diseases, both the partial 

model and the full model of statistical analysis 

by binomial logistic regression revealed that 

subjects belonging to the NLT category with a 

value between 15-27 had 7.631 times higher 

and 10 times higher odds, respectively to 

develop heart valve disease than subjects 

included in the first two NLT categories. The 

presence of co-morbidities such as renal 

failure, fluid overload, or other, except lung or 

metabolic, were associated with a reduction in 

the occurrence of heart valve disease. The 

results are consistent with other studies that 

also found that increased numbers of lost teeth 

were independently associated with the risk of 

heart valve disease, especially aortic valve 

atherosclerosis, further emphasizing the link 

between oral health and cardiovascular 
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diseases [52]. Regarding the necessity and 

effectiveness of dental screening and 

treatments before heart valve surgical 

replacement, Kouwenberg et al. stated that 

these aspects remain unclear [53]. Also, 

Krasniqi et al. noted that mandatory 

preoperative dental screening with subsequent 

elimination of sources of dental sepsis before 

surgery was not associated with lower risk of 

infective endocarditis or all-cause mortality 

compared with mandatory preoperative dental 

screening targeted at surgical patients of aortic 

valve by trans-catheter techniques. However, 

medical guidelines recommend preoperative 

dental screening before heart valve surgery, 

although data from specialized literature are 

limited in this regard [54]. 

For coronary heart disease, results varied 

by logistic regression analysis model. In the 

case of the analysis through the partial logistic 

regression model, no correlation was revealed 

between the NLT categories and the categories 

of the demographic parameter variables. In the 

case of the analysis by the full logistic 

regression model, it was found that in subjects 

with NLT between 1-8 the probability of 

exposure to coronary heart disease was 

statistically significant. Also, subjects with 

metabolic diseases were almost 3 times more 

likely to have coronary heart disease than 

others, while renal failure and anasarca were 

associated with a reduced likelihood of having 

these conditions. Matsuyama et al. showed 

that the probability of coronary heart disease 

was significantly higher by 1.04 percentage 

points per lost tooth [40], and Dietrich et al. 

stated that there is a firm association between 

oral health assessed by the presence of 

periodontitis, the presence of carious lesions 

and tooth loss and atherosclerotic 

cardiovascular disease, represented by 

coronary heart disease, stroke and peripheral 

vascular disease [39]. Moreover, a stepwise 

and independent association was observed 

between tooth loss and several prognostic 

biomarkers of coronary heart disease, which 

suggested that tooth loss and its underlying 

mechanisms may be involved in several 

pathophysiological pathways also involved in 

the development and prognosis of coronary 

heart disease [55]. However, other authors 

considered that the relationship between tooth 

loss and coronary heart disease and stroke risk 

remains controversial, as some studies have 

shown that tooth loss is associated with an 

increased risk of coronary heart disease and 

stroke over time, while others did not find a 

relationship between them. Furthermore, the 

statistical dose-response relationship between 

tooth loss and the risk of coronary heart 

disease or stroke has not been described [2]. 

In the case of cardiomyopathy, statistically 

significant correlations with NLT, both in the 

partial logistic regression analysis and in the 

full model analysis. Partial model analysis 

showed that subjects with NLT between 9 and 

14 were 6.466 more likely to have 

cardiomyopathy than other subjects. Full 

model analysis indicated that subjects with 

NLT between 1-8 and associated lung disease 

were 2.622 times more likely to have 

cardiomyopathy than subjects without lung 

disease, while subjects with an older age were 

more likely to have 1.16 times more likely to 

have cardiomyopathy than others. Also, 

subjects with NLT between 9 and 15 and the 

presence of renal failure and anasarca were 

11.813 times and 7.186 times more likely to 

have cardiomyopathy than subjects without 

these diseases, respectively. Subjects with 

NLT between 15-27 and renal failure and 

anasarca, as well as subjects with lung 

comorbidities, were 6.017 times and 6.767 

times more likely to have cardiomyopathy, 

respectively, than subjects without these 

diseases. It is observed that NLT represents a 

predictive variable for cardiomyopathy, 

especially in the case of association with 
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another systemic condition. Studying the 

influence of oral health among people with 

diabetes, Gibson et al. demonstrated a high 

prevalence of non-functional dentition (<20 

teeth) and poor oral health status, which were 

associated with a consistently increased risk of 

cardiovascular disease, including ischemic 

heart disease, transient ischemic attack, stroke, 

heart failure and diabetic cardiomyopathy 

[56]. It can be seen that the number of teeth 

represents a predictive variable for 

cardiomyopathy, especially in the case of 

association with another systemic condition. 

Worldwide, from 1990 to 2019, the number of 

cardiomyopathy cases increased substantially, 

and the condition remains an important global 

public health problem, with significant 

geographic variation in its prevalence. The 

highest standardized rates of cardiomyopathy 

related to age, alcohol consumption and 

mortality were observed in Eastern Europe 

[57]. 

For heart rhythm disorders, within the 

analyzed study group, statistical tests showed 

significant associations between NLT and the 

presence of this condition, but logistic 

regression models did not reveal significant 

statistical associations. These results are 

consistent with those obtained by Dietrich et 

al. who stated that there is little or no evidence 

to support any link between oral health and 

other forms of non-atherosclerotic 

cardiovascular disease such as hypertension, 

arrhythmias and heart failure [37]. Conversely, 

in a study on mice with experimentally 

induced open occlusion, Suita et al. showed 

that there is a correlation between occlusal 

disharmony and atrial fibrillation. In this 

research, occlusal disharmony was induced by 

tooth loss, which resulted in the vertical and 

horizontal migration of the remaining teeth to 

the edentulous space [58]. 

In the case of AHT, only the complete 

statistical analysis model by logistic regression 

highlighted significant results for the studied 

group. Subjects with NLT between 1-8, 

respectively 9-15 and metabolic disorders had 

a 3.445, respectively 3.957 higher probability 

of presenting AHT than those without 

associated metabolic disorders. Xu K et al. 

found that there was a bidirectional 

relationship between tooth loss and high blood 

pressure, meaning that people with tooth loss 

have a higher risk of high blood pressure and 

that hypertensive people have a higher risk of 

tooth loss. The authors demonstrated a positive 

association when severe tooth loss was set as 

the exposure and hypertension as the outcome. 

Using adjusted risk estimates, the risk of 

hypertension was increased by 12% in people 

with severe tooth loss. Edentulous subjects 

appeared to have a higher risk of hypertension. 

There was a linear dose-response relationship 

between the severity of tooth loss and the risk 

of hypertension. For every 7 lost teeth, the risk 

of hypertension increased by 11.9% [59]. 

Another systematic review and meta-analysis 

study also suggested that tooth loss is 

associated with an increased risk of 

hypertension and higher systolic blood 

pressure [60]. Chatzopoulos et al. showed 

people who self-reported anemia, bleeding 

disorders, cardiovascular disease, heart attack, 

high blood pressure, implanted defibrillator, 

had a significantly higher rate of incident tooth 

loss. The authors stated that future studies 

should further investigate the potential causal 

relationships between these systemic 

conditions, tooth loss, and periodontal disease 

[61]. 

Limitations of the study are determined by 

the small sample size, so the analysis of the 

predictive value of the NLT parameter on 

cardiovascular conditions may not have the 

necessary power. Another limit is represented 

by the fact that the loss of teeth represents the 

final stage of the evolution of several oral and 

dental conditions, being also involved socio-
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economic and behavioral factors [62]. 

Although the present study revealed 

statistically significant associations between 

tooth loss and cardiovascular disease, it is clear 

that the variables chosen did not capture the 

complexity and multiple facets of these 

correlations.

CONCLUSIONS 

1. For the group of participants included in 

the study, NLT was statistically correlated 

with the presence of heart valve diseases 

and cardiomyopathies, in the unadjusted 

statistical analysis, in the analysis 

independently adjusted for age, gender and 

the presence of co-morbidities, and by 

partial statistical logistic regression 

models. 

2. The full logistic regression model revealed 

the predictive value of NLT for heart valve 

disease in subjects without co-morbidities. 

In subjects with coronary diseases, the 

reduced number of missing teeth had 

predictive value especially in those with 

metabolic co-morbidities. 

3. The full statistical logistic regression 

model showed that NLT had a statistically 

significant predictive value for 

cardiomyopathies especially in subjects 

with pulmonary co-morbidities, renal 

failure, or anasarca and for hypertension 

especially in subjects with metabolic co-

morbidities.

 

Acknowledgements 

This study is part of the PhD thesis of Mirela Mihart, from the University of Medicine and 

Pharmacy of Craiova, Romania. 

 

REFERENCES 

1. GBD 2017 Disease and Injury Incidence and Prevalence Collaborators. Global, regional, and 

national incidence, prevalence, and years lived with disability for 354 diseases and injuries for 

195 countries and territories, 1990-2017: a systematic analysis for the Global Burden of Disease 

Study 2017. Lancet; 2018 Nov 10:392(10159):1789-1858. 

2. Cheng F., Zhang M., Wang Q., Xu H., Dong X., Gao Z., Chen J., Wei Y., Qin F. Tooth loss 

and risk of cardiovascular disease and stroke: A dose-response meta analysis of prospective 

cohort studies. PLoS One; 2018 Mar 28:13(3):e0194563. 

3. Tsao C.W., Aday A.W., Almarzooq Z.I., Alonso A., Beaton A.Z., Bittencourt M.S., Boehme 

A.K., Buxton A.E., Carson A.P., Commodore-Mensah Y., Elkind M.S.V., Evenson K.R., Eze-

Nliam C., Ferguson J.F., Generoso G., Ho J.E., Kalani R., Khan S.S., Kissela B.M., Knutson 

K.L., Levine D.A., Lewis T.T., Liu J., Loop M.S., Ma J., Mussolino M.E., Navaneethan S.D., 

Perak A.M., Poudel R., Rezk-Hanna M., Roth G.A., Schroeder E.B., Shah S.H., Thacker E.L., 

VanWagner L.B., Virani S.S., Voecks J.H., Wang N.Y., Yaffe K., Martin S.S. Heart Disease 

and Stroke Statistics-2022 Update: A Report From the American Heart Association. 

Circulation; 2022 Feb 22:145(8):e153-e639. 

4. National Institute of Public Health –The Hearts in Gift campaign2023, available at 21.02.2024 

htps://insp.gov.ro/2023/12/04/decembrie-2023-campania-inimi-in-dar/  

5. Hemingway H., Asselbergs F.W., Danesh J., Dobson R., Maniadakis N., Maggioni A., van 

Thiel G.J.M., Cronin M., Brobert G., Vardas P., Anker S.D., Grobbee D.E., Denaxas S. 

Innovative Medicines Initiative 2nd Programme, Big Data for Better Outcomes, 



Romanian Journal of Oral Rehabilitation 

Vol. 16, No.2 April-June 2024 

 

296 
DOI : 10.62610/RJOR.2024.2.16.26 

BigData@Heart Consortium of 20 academic and industry partners including ESC. Big data 

from electronic health records for early and late translational cardiovascular research: 

challenges and potential. Eur Heart J; 2018 Apr 21:39(16):1481-1495.  

6. Francula-Zaninovic S., Nola I.A. Management of Measurable Variable Cardiovascular Disease' 

Risk Factors. Curr Cardiol Rev; 2018; 14(3):153-163. 

7. Kleinstein S.E., Nelson K.E., Freire M. Inflammatory Networks Linking Oral Microbiome with 

Systemic Health and Disease. Journal of Dental Research; 2020: 99(10):1131-1139. 

8. Oral Health. Available online at 21.03.2024: https://www.euro.who.int/en/health-

topics/disease-prevention/oral-health# 

9. Zhang Y., Leveille S.G., Shi L. Multiple Chronic Diseases Associated With Tooth Loss Among 

the US Adult Population. Front Big Data; 2022 Jul 1:5:932618. 

10. Global oral health status report: towards universal health coverage for oral health by 2030. 

Geneva: World Health Organization; 2022. Licence: CC BY-NC-SA 3.0 IGO. 

11. Sato M., Kurokawa A., Sugimoto H., Yasuhara Y., Nakae H.,  Shinohara Y., Tanioka T., Iga 

H., Hinode D., Suzuki Y., Honda S., Locsin R. Relationship among Health Related Quality of 

Life, Quality of Sleep, and Oral Health Condition. Health; 2018 February 28 :Vol.10 No.2. 

12. Lin Mei, Griffin S.O., Gooch B.F., Espinoza L., Wei L., Li C.H., Thornton-Evans G., Junger 

M.L., Robison V.A., Fleming E.B., Beltrán E. Oral health surveillance report: trends in dental 

caries and sealants, tooth retention, and edentulism, United States: 1999–2004 to 2011–2016. 

National Center for Chronic Disease Prevention and Health Promotion (U.S.). Division of Oral 

Health;National Center for Health Statistics (U.S.). Division of Health and Nutrition 

Examination Survey; 2019. 

13. Winning L., Patterson C.C., Linden K., Evans A., Yarnel J., McKeown P.P., Kee F., Linden 

G.J. Periodontitis and risk of prevalent and incident coronary heart disease events. J Clin 

Periodontol; 2020 Dec: 47(12):1446-1456.  

14. Barranca-Enríquez A., Romo-González T. Your health is in your mouth: A comprehensive 

view to promote general wellness. Front Oral Health; 2022 Sep 14: 3:971223. 

15. Botelho J., Mascarenhas P., Viana J., Proença L., Orlandi M., Leira Y., Chambrone L., Mendes 

J. J., Machado, V., An umbrella review of the evidence linking oral health and systemic 

noncommunicable diseases. Nat Commun; 2022: 13, 7614.  

16. Haworth S., Shungin D., Kwak S.Y., Kim H.Y., West N.X., Thomas S.J., Franks P.W., 

Timpson N.J., Shin M.J., Johansson I. Tooth loss is a complex measure of oral disease–

determinants and methodological considerations, Community Dent. Oral. Epidemiol.; 2018: 

46, 555–562. 

17. Asai K., Yamori M., Yamazaki T., Yamaguchi A., Takahashi K., Sekine A., Kosugi S., 

Matsuda F., Nakayama T., Bessho K. Tooth loss and atherosclerosis: the Nagahama Study. J 

Dent Res.; 2015: 94(3):52S-58S. 

18. Medina-Solis C.E., Pontigo-Loyola A.P., Perez-Campos E., Hernandez-Cruz P., Avila-Burgos 

L., Kowolik M.J., Maupome G. Association between edentulism and angina pectoris in 

Mexican adults 35 years of age and older: a multivariate analysis of a population-based survey. 

J Periodontol; 2014: 85(3):406–416. 

19. Holmlund A., Lind L. Number of teeth is related to atherosclerotic plaque in the carotid arteries 

in an elderly population. J Periodontol; 2012: 83(3):287–291. 

20. Shiga Y., Nezu T., Hosomi N., Aoki S., Nishi H., Naito H., Kinoshita N., Ueno H., Maruyama 

H. Effect of tooth loss and nutritional status on outcomes after ischemic stroke. Nutrition; 2020 

Mar:71:110606. 

https://www.scirp.org/journal/articles.aspx?searchCode=Tetsuya+Tanioka&searchField=authors&page=1
https://www.scirp.org/journal/articles.aspx?searchCode=Hiroki+Iga&searchField=authors&page=1
https://www.scirp.org/journal/home.aspx?issueid=10629


Romanian Journal of Oral Rehabilitation 

Vol. 16, No.2 April-June 2024 

 

297 
DOI : 10.62610/RJOR.2024.2.16.26 

21. Joshy G., Arora M., Korda R.J., Chalmers J., Banks E. Is poor oral health a risk marker for 

incident cardiovascular disease hospitalization and all-cause mortality? Findings from 172 630 

participants from the prospective 45 and up study. BMJ Open; 2016: 6(8):e012386. 

22. Liljestrand J.M., Havulinna A.S., Paju S., Männistö S., Salomaa V., Pussinen P.J. Lost teeth 

predict incident cardiovascular events, diabetes, and death. J Dent Res.; 2015: 94(8):1055–

1062. 

23. Tu Y.K., Galobardes B., Smith G.D., McCarron P., Jeffreys M., Gilthorpe M.S. Associations 

between tooth loss and mortality patterns in the Glasgow Alumni Cohort. Heart; 2007: 

93(9):1098–1103. 

24. Shiraishi A., Yoshimura Y., Wakabayashi H., Tsuji Y., Shimazu S., Jeong S. Impaired oral 

health status on admission is associated with poor clinical outcomes in post-acute in patients: 

A prospective cohort study. Clin Nutr.; 2019 Dec:38(6):2677-2683. 

25. Andersson P, Hallberg IR, Lorefält B, Unosson M, Renvert S. Oral health problems in elderly 

rehabilitation patients. Int J Dent Hyg. 2004 May;2(2):70-7. 

26. Hanne K., Ingelise T., Linda C., Ulrich P.P. Oral status and the need for oral health care among 

patients hospitalized with acute medical conditions. J Clin Nurs ; 2012 :21:2851e9.  

27. World Medical Association. World Medical Association Declaration of Helsinki: ethical 

principles for medical research involving human subjects. JAMA. 2013 Nov 27;310(20):2191-

4. 

28. Dentition status and criteria for diagnosis and coding (Caries). WHO Oral Health Surveys-

Basic Methods. Geneva, Switzerland; 1997:39–44. 

29. Lee H.J., Choi E.K., Park J.B., Han K.D., Oh S. Tooth Loss Predicts Myocardial Infarction, 

Heart Failure, Stroke, and Death. J Dent Res ; 2019 Feb :98(2):164-170. 

30. Leao T.S.S., Zanoni A.V., Franzon R., Tomasi G.H., Conzatti L.P., Marrone L.C.P., Reynolds 

M.A., Gomes M.S. Number of teeth is independently associated with ischemic stroke: A case-

control study. J Clin Neurosci; 2021 Aug:90:233-237. 

31. Al‐Johany S.S., & Andres C. ICK classification system for partially edentulous arches. Journal 

of Prosthodontics on Dental Implants; 2015:1-9. 

32. Iliescu A. Tratamentul Edentatiei Partiale cu Proteze Mobile. National; Bucharest, Romania; 

2006:28–29, 54–56.  

33. McGarry T.J., Nimmo A., Skiba J.F., Ahlstrom R.H., Smith C.R., Koumjian J.H. Classification 

system for complete edentulism. The American College of Prosthodontics. J Prosthodont; 1999 

Mar:8(1):27-39. 

34. Beukers N.G.F.M., Su N., Loos B.G., van der Heijden G.J.M.G. Lower Number of Teeth Is 

Related to Higher Risks for ACVD and Death-Systematic Review and Meta-Analyses of 

Survival Data. Front Cardiovasc Med; 2021 May 7:8:621626. 

35. Moon M.G., Kang S.H., Kim S.H., Park S.Y., Seol Y.J., Yoon C.H., Lee H.J., Youn T.J., Chae 

I.H., Leira Y., Munoz-Aguilera E., D'Aiuto F. Association between tooth brushing and 

cardiovascular risk factors: a cross-sectional study using Korean National Health and Nutrition 

Examination Survey 2015-2017. BMC Oral Health; 2024 Jan 2:24(1):4. 

36. Chopra A., Franco-Duarte R., Rajagopal A., Choowong P., Soares P., Rito T., Eberhard J., 

Jayasinghe T.N. Exploring the presence of oral bacteria in non-oral sites of patients with 

cardiovascular diseases using whole metagenomic data. Sci Rep; 2024 Jan 17:14(1):1476.  

37. Dietrich T, Webb I, Stenhouse L, Pattni A, Ready D, Wanyonyi KL, White S, Gallagher JE. 

Evidence summary: the relationship between oral and cardiovascular disease. Br Dent J. 2017 

Mar 10;222(5):381-385.  



Romanian Journal of Oral Rehabilitation 

Vol. 16, No.2 April-June 2024 

 

298 
DOI : 10.62610/RJOR.2024.2.16.26 

38. Borg-Bartolo R., Roccuzzo A., Molinero-Mourelle P., Schimmel M., Gambetta-Tessini K., 

Chaurasia A., Koca-Ünsal R.B., Tennert C., Giacaman R., Campus G. Global prevalence of 

edentulism and dental caries in middle-aged and elderly persons: A systematic review and meta-

analysis. J Dent; 2022 Dec:127:104335. 

39. Dye B., Thornton-Evans G., Li X., Iafolla T. Dental caries and tooth loss in adults in the United 

States, 2011-2012. NCHS Data Brief; 2015 May:(197):197. 

40. Matsuyama Y., Jürges H., Listl S. Causal Effect of Tooth Loss on Cardiovascular Diseases. J 

Dent Res; 2023 Jan:102(1):37-44.  

41. Khan A.S., Zaigham A.M., Shakoor A., Tahir F., Sana A., Ullah N. Association of Age and 

Gender with Pattern of Tooth Loss. APMC; 2022:16(3):193-196. 

42. Ribeiro C.G., Cascaes A.M., Silva A.E., Seerig L.M., Nascimento G.G., Demarco 

F.F. Edentulism, Severe Tooth Loss and Lack of Functional Dentition in Elders: A Study in 

Southern Brazil. Braz Dent J; 2016: 27(3):345–52. 

43. Patel J.Y., Vohra M.Y., Hussain J. Assessment of Partially edentulous patients based on 

Kennedy’s classification and its relation with Gender Predilection. Int J Scientific Study; 

2014:2(6):32-6. 

44. de Souza V.G.L., Herkrath F.J., Garnelo L., Gomes A.C., Lemos U.M., Parente R.C.P., 

Herkrath A.P.C.Q. Contextual and individual factors associated with self-reported tooth loss 

among adults and elderly residents in rural riverside areas: A cross-sectional household-based 

survey. PLoS One; 2022 Nov 22:17(11):e0277845. 

45. Abdel-Rahman H.K., Tahir C.D., Saleh M.M. Incidence of partial edentulism and its relation 

with age and gender. J Med Sci; 2013:17(2):463–70. 

46. Bhochhibhoya A., Guragain M., Gupta S.P., Samarika D., Khushboo G. The Association of 

Age, Gender, and Reason of Tooth Loss with Patterns of Partial Edentulism among Patients 

Reporting to a Dental Teaching Hospital. Int J Prosthodont Restor Dent; 2023:13(1):17–21. 

47. Araby Y.A., Almutairy A.S., Alotaibi F.M. Pattern of partial edentulism in correlation to age 

and gender among a selected Saudi population. Int Dent Sci Res; 2017:5(1):1–4.  

48. Moaleem M.M., Somaili D.M., Ageeli T.A., Namis, S.M., Mobarki A.H., Mohamed M.S., Saib 

J.A., Matto, K.A., Pattern of partial edentulism and its relation to age, gender, causes of teeth 

loss in Jazan population. Am J Health Res; 2016:4(5):121.  

49. Yadav V., Tandon V., Pal S., Ravishankar T.L., Kaur H., Moudgil M. Oral Health Knowledge, 

Attitude and Practices among Adults toward Tooth Loss and Utilization of Dental Services in 

Moradabad District. J Orofac Res; 2012:2(4):192-1. 

50. Yang H., Han R., Wang Z. Socioeconomics, health-related factors, and tooth loss among the 

population aged over 80 years in China. BMC Public Health; 2022 Mar 5:22(1):444. 

51. Tomar D., Menon I., Singh A., Tyagi U., Passi D., Goyal J. Comparative study of risk indicators 

associated with tooth loss among adult population in urban and rural areas of Muradnagar, 

Ghaziabad, Uttar Pradesh, India. J Family Med Prim Care; 2019 Feb:8(2):528-534. 

52. Völzke H., Schwahn C., Hummel A., Wolff B., Kleine V., Robinson D.M., Dahm J.B., Felix 

S.B., John U., Kocher T. Tooth loss is independently associated with the risk of acquired aortic 

valve sclerosis. Am Heart J; 2005 Dec:150(6):1198-203. 

53. Kouwenberg A.J., Mensink G., Geldorp M.V., Schaap J., Bentvelsen R.G., et al. Do dental 

screening and treatments prior to heart valve interventions help prevent prosthetic valve 

endocardititis? A systematic review. J Dent Probl Solut; 2022:9(2): 055-061.  

54. Krasniqi L., Schødt Riber L.P., Nissen H., Terkelsen C.J., Andersen N.H., Freeman P., Povlsen 

J.A., Gerke O., Clavel M.A., Dahl J.S. Impact of mandatory preoperative dental screening on 



Romanian Journal of Oral Rehabilitation 

Vol. 16, No.2 April-June 2024 

 

299 
DOI : 10.62610/RJOR.2024.2.16.26 

post-procedural risk of infective endocarditis in patients undergoing transcatheter aortic valve 

implantation: a nationwide retrospective observational study. Lancet Reg Health Eur; 2023 Nov 

22:36:100789.  

55. Vedin O., Hagström E., Östlund O., Avezum A., Budaj A., Flather M.D., Harrington R.A., 

Koenig W., Soffer J., Siegbahn A., Steg P.G., Stewart R.A.H., Wallentin L., White H.D., Held 

C. STABILITY Investigators. Associations between tooth loss and prognostic biomarkers and 

the risk for cardiovascular events in patients with stable coronary heart disease. Int J Cardiol; 

2017 Oct 15:245:271-276.  

56. Gibson A.A., Cox E., Gale J., Craig M.E., King S., Chow C.K., Colagiuri S., Nassar N. 

Association of oral health with risk of incident micro and macrovascular complications: A 

prospective cohort study of 24,862 people with diabetes. Diabetes Res Clin Pract; 2023 

Sep:203:110857.  

57. Cheng S., Han Y., Jiang L., Lan Z., Guo J. National, regional, and global cardiomyopathy 

burden from 1990 to 2019. Front Cardiovasc Med; 2022 Nov 30:9:1042448.  

58. Suita K., Yagisawa Y., Ohnuki Y., Umeki D., Nariyama M., Ito A., Hayakawa Y., Matsuo I., 

Mototani Y., Saeki Y., Okumura S. Effects of occlusal disharmony on susceptibility to atrial 

fibrillation in mice. Sci Rep; 2020 Aug 13:10(1):13765.  

59. Xu K., Yu W., Li Y., Li Y., Wan Q., Chen L., Dong Y., Tay F.R., Niu L. Association between 

tooth loss and hypertension: A systematic review and meta-analysis. J Dent; 2022 

Aug:123:104178. 

60. Tada A., Tano R., Miura H. The relationship between tooth loss and hypertension: a systematic 

review and meta-analysis. Sci Rep; 2022 Aug 3:12(1):13311. 

61. Chatzopoulos G.S., Jiang Z., Marka N., Wolff L.F. Periodontal Disease, Tooth Loss, and 

Systemic Conditions: An Exploratory Study. Int Dent J; 2023 Oct 12:S0020-6539(23)00436-7. 

62. Jaagosild T. Associations between tooth loss and ischemic heart disease and stroke in a national 

cohort. Theses. Purdue University; 2015. 

 


