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Abstract

Background and aim

Conditions such as hypertension, cardiovascular diseases, and hypercholesterolemia, are a
major public health challenge. This study investigates the influence of oral health indicators,
including gum bleeding, active dental caries, tooth mobility, and tooth loss, on their preva-
lence in Hungary, considering socioeconomic, demographic, and lifestyle factors.

Materials and methods

Data from the 2019 Hungarian European Health Interview Survey with 5,603 participants
informed this analysis. Data were accessed from the records maintained by the Department
of Health Informatics at the University of Debrecen between September and November
2023. Variable selection employed elastic net regularization and k-fold cross-validation,
leading to high-performing predictors for weighted multiple logistic regression models. Sen-
sitivity analysis confirmed the findings’ validity.

Results

Significant links were found between poor oral health and chronic cardiac conditions. Multi-
ple teeth extractions increased hypertension risk (OR = 1.67, 95% CI: [1.01-2.77]); dental
prosthetics had an OR of 1.45 [1.20-1.75]. Gum bleeding was associated with higher car-
diovascular disease (OR = 1.69 [1.30—2.21]) and hypercholesterolemia risks (OR = 1.40
[1.09-1.81]).

Conclusions

Oral health improvement may reduce the risk of cardiac conditions. This underscores oral
health’s role in multidisciplinary disease management.
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1. Introduction
1.1 Impact of heart and vascular conditions globally and in Hungary

Chronic non-communicable diseases (NCDs) remain a major challenge in global public
health, responsible for 74% of all deaths in 2019. Among these, heart and vascular conditions
such as hypertension and cardiovascular diseases (CVDs) are increasingly prevalent and signif-
icant. Ischemic heart disease, a key CVD, accounted for 16% of global fatalities. The rising inci-
dence of heart and vascular conditions, also reflected in conditions like stroke and chronic
obstructive pulmonary disease, underscores the critical need for targeted public health strate-
gies [1-3].

Within this context, hypercholesterolaemia presents as a variable of particular significance,
contributing to the plot of CVDs. Characterized by perturbations in lipid profiles—be it ele-
vated total cholesterol, low-density lipoprotein cholesterol (LDL-c), or triglycerides (TG)—
hypercholesterolaemia has long been implicated in cardiovascular pathology [4, 5].

Europe leads with a 53.7% prevalence of hypercholesterolemia, contrasted by much lower
rates in regions like Southeast Asia and Africa [6].

Hypertension affects an estimated 1.28 billion adults worldwide, particularly in low- and
middle-income countries. Interestingly, only 46% of these individuals are aware of their condi-
tion, and just 21% effectively manage their hypertension. The etiological landscape is further
complicated by many of factors, including genetic predispositions and lifestyle choices such as
obesity and excessive sodium intake. CVDs, including coronary and cerebrovascular diseases,
are the leading global cause of death, accounting for 17.9 million fatalities in 2019. Once again,
low- and middle-income countries bear the brunt of this condition. While traditional risk fac-
tors have been heavily studied, evidence posits a compelling link between oral health and the
onset or exacerbation of CVDs [7-10].

In Hungary, NCDs present an alarming public health situation, with 40% of adults report-
ing at least one chronic condition, surpassing the EU average of 36%. The nation leads the EU
in preventable mortality rates at 326 per 100,000 individuals, primarily due to lung cancer,
ischaemic heart disease, and lifestyle risks like smoking. CVDs account for one-third of all
deaths, and hypertension prevalence stands at 34% for women and 29% for men [11-13].

1.2 Oral health: The overlooked factor in chronic cardiac conditions

Globally, oral health conditions, affecting about 3.5 billion individuals, exceed the combined
prevalence of the top five non-communicable diseases. Nearly 19% of adults, or over 1 billion
people, suffer from severe periodontal diseases, while dental caries in permanent teeth impact
2 billion [14-16].

In Hungary, the oral health situation presents notable challenges linked to chronic diseases.
Leading in dental caries prevalence in Europe, Hungary also grapples with significant rates of
edentulism among the elderly; 30% of those aged 65 and above, and 40% of those over 75, have
experienced complete tooth loss. This reflects not only poor oral health but also broader social
and economic disparities. Additionally, gingivitis and periodontitis affect about a third of the
population. These issues highlight the critical need to address Hungary’s unique oral health
concerns within the broader European context [17-22].

1.3 The link between oral health and heart-related conditions

Previous research has highlighted the link between periodontal health, CVDs, and hypercho-
lesterolemia, with a focus on Porphyromonas gingivalis (P. gingivalis) [23, 24]. This pathogen
is implicated in atherosclerosis development by oxidizing HDL and LDL, damaging vascular
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endothelial cells, and contributing to endothelial dysfunction. P. gingivalis also promotes the
proliferation of smooth muscle cells, formation of foam cells, and destabilization of atheroscle-
rotic plaques, exacerbating cardiovascular outcomes [25]. A key mechanism involves the secre-
tion of gingipains, cysteine proteases that degrade host proteins, incite inflammation, impair
vascular function, and promote clot formation through platelet activation and fibrinogen deg-
radation. These proteases also activate matrix metalloproteinases (MMPs), which contribute
to plaque destabilization. Additionally, P. gingivalis invades endothelial cells, inducing oxida-
tive stress and elevated reactive oxygen species (ROS) levels, further aggravating endothelial
dysfunction and increasing cardiovascular risk [26-30].

As the preceding discussion predominantly emphasized the links between periodontitis
and cardiovascular diseases, it is imperative to consider the early-stage oral health markers
that constitute the focal point of this study. Dental caries, as identified by Folayan et al. (2021),
not only serve as plaque retention factors but also foster biofilm proliferation, conducive to
anaerobic bacteria growth and gingival inflammation [31]. Further, Sabharwal et al. (2021)
linked dental caries to an increased risk of metabolic diseases [32]. These findings highlight
the potential role of chronic oral inflammation and salivary biomarkers in mediating the link
between dental caries and systemic metabolic disorders.

Gingival bleeding serves as both a primary symptom and an initial clinical indicator of peri-
odontal disease [33]. It is frequently used by clinicians as a hallmark of active disease,
highlighting its relevance in diagnosing the inflammatory state of the periodontium [34].
Additionally, the progression of periodontal disease can lead to tooth mobility, resulting from
the degradation of the tooth’s supporting structures like the periodontal ligament and alveolar
bone. This process typically involves bone resorption and gingival recession, further destabiliz-
ing teeth [35].

Tooth loss and edentulism are recognized as markers for chronic conditions. Sara Hag
Mohamed and Wael Sabbah’s 2023 study identified tooth loss as an early indicator of chronic
diseases in working-age adults, linked to shared risk factors affecting both oral and general
health [36]. Similarly, Yuqing Zhang et al. (2022) found a strong association between edentu-
lism, tooth loss, and multiple chronic diseases. Their research suggests that individuals with
multiple chronic conditions are more likely to be edentulous than those with fewer or no
chronic diseases, underscoring the significance of tooth loss and edentulism in evaluating the
relationship between oral health and systemic health [37].

In Central Eastern Europe, especially in Hungary, there is a notable lack of research that
simultaneously considers a large, representative sample and a broad set of oral health variables,
such as gum bleeding, dental caries, tooth mobility, and tooth loss, to investigate the relation-
ship between oral health and heart related conditions. While Hungary faces high rates of car-
diovascular diseases and their related conditions, and some of Europe’s worst oral health
indicators, previous studies have not fully explored how social, demographic, economic, and
lifestyle factors might confound this relationship. This study, utilizing data from the 2019
Hungarian instalment of the European Health Interview Survey (EHIS), aims to fill this gap. It
explores the connections between oral health and heart and vascular health, considering the
influence of a range of confounding variables.

2. Materials and methods
2.1 Study design

The EHIS is a representative survey conducted every five years in each member state of the
EU, and covers a range of health variables, extending from lifestyle habits to chronic diseases,
with a specific segment on oral health metrics [38].
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To account for non-response bias and maintain a representative sample, individualized
weighting was applied. This method followed Eurostat recommendations to synchronize the
sample’s demographic profile with the general population [39].

Managed by the Hungarian Central Statistical Office under Eurostat’s supervision, the data-
set was obtained using a rigorous stratified sampling technique, ensuring its generalizability to
Hungary’s adult populace residing in households.

This research is confined to data from the 2019 EHIS cycle, and was performed in line with
the principles of the Declaration of Helsinki. Approval was granted by the Ethics Committee
of the University of Debrecen (5609-2020). All data used in this study were fully anonymized
before access.

2.2 Sample population and data collection

The survey targeted a representative sample from across Hungarian municipalities, achieving
a final response rate of approximately 47% from the intended 12,002 participants. Additional
data were collected for children residing in sampled households. Data acquisition, detailed in
[40] combined electronic and in-person methods using a standardized Eurostat questionnaire,
ensuring consistency and cross-national comparability. The data collection period spanned
from September 16 to December 31, 2019. The dataset for this study was accessed from the rec-
ords maintained by the Department of Health Informatics at the Faculty of Health Sciences,
University of Debrecen. Data retrieval was conducted over a period from September to
November 2023.

2.3 Data treatment and variable specification

The study utilized key oral health indicators, including self-perceived oral health (categorized
as’Average,” ’Good,” or 'Bad’), number of unreplaced teeth extracted due to decay (None, ’1 to
5,°6 to 19, ’More than 20’), filled teeth, active dental caries, tooth mobility, and gingival bleed-
ing. Overall oral health was assessed as ’Optimal” or ’Suboptimal,” and the timing of the last
dental visit was noted. Sociodemographic variables (age, gender, residence area, employment
status, and education level) and lifestyle factors (alcohol consumption, smoking, BMI) were
also included. Participants’ financial standing was evaluated both subjectively and within quin-
tiles. Composite variables were created for CVDs (encompassing stroke, myocardial infarction,
arrhythmia, and coronary artery diseases) and cardiovascular risk profile (combining hyper-
tension, CVDs, and hypercholesterolemia) to provide a comprehensive assessment of cardiac
health. The main outcomes investigated were binary classifications of these conditions [41].

2.4 Variable selection method and statistical analysis

A two-stage variable selection strategy was employed to optimize model reliability and accu-
racy. The initial stage involved applying weighted Pearson’s Chi-square tests to potential pre-
dictor variables to assess their association with each chronic disease outcome, alongside
obtaining weighted proportions. Variables were chosen based on their documented impact on
the outcomes studied within the scientific literature, ensuring a solid theoretical foundation.
This selection was further supported by empirical evidence, underscoring the relevance and
significance of each variable included in the analysis. Subsequently, a penalized regression
approach was employed using Elastic Net regularization, a hybrid of Lasso and Ridge regres-
sion techniques. Elastic Net incorporates a hyperparameter o set at 0.5, allowing for a balanced
compromise between Lasso’s variable selection properties and Ridge’s ability to handle multi-
collinearity. This approach effectively mitigates the risks of overfitting and multicollinearity
while facilitating more accurate variable selection [42-44].

PLOS ONE | https://doi.org/10.1371/journal.pone.0301466  April 18, 2024 4/20


https://doi.org/10.1371/journal.pone.0301466

PLOS ONE

Role of oral health in heart and vascular health

K-fold cross-validation was conducted to iteratively partition the dataset and gauge the pre-
dictive accuracy of the penalized model across multiple data folds. Variables that consistently
exhibited high predictive performance were selected for inclusion in the final model. It is note-
worthy that the hybrid Lasso-Ridge approach was compared against a stepwise logistic regres-
sion model and was found to surpass it in terms of model fit and strength, as evidenced by
lower values in information criteria such as the Akaike Information Criterion (AIC) and the
Bayesian Information Criterion (BIC).

Upon finalization of the predictor set, weighted multiple logistic regression models were
constructed. Their performance was subsequently validated through a series of diagnostic
tests, confirming both their goodness-of-fit using the Hosmer-Lemeshow test, and predictive
strength.

The level of statistical significance was set at a p-value below 0.05. This criterion was applied
across all analytical procedures to ascertain the meaningfulness of relationships between vari-
ables. Results stemming from logistic regression were expressed in terms of odds ratios (ORs),
accompanied by 95% confidence intervals (Cls). The entirety of the statistical evaluations was
executed using STATA IC Version 17.0 software [45].

2.5 Sensitivity analysis

Robustness tests were conducted through bootstrapping with 1,000 repetitions and compre-
hensive subpopulation analyses. The bootstrapping process involved applying the logistic
regression model across various demographic, lifestyle, and oral health variables to assess the
stability of the findings under varied sampling conditions. Concurrently, subpopulation analy-
ses were performed across different demographic groups defined by age, gender, educational
status, employment status, area of residence, and income levels. These analyses aimed to evalu-
ate the consistency of the associations identified in the primary analysis within diverse seg-
ments of the study population.

3. Results
3.1 Data completeness

The study analyzed a total sample of 5,603 participants. The completeness of data for each vari-
able of interest varied as follows:

« Variables with complete data (5,603 observations): Age groups, Gender, Area of residence,
Educational attainment, Employment, Smoking status, Alcohol use, Oral health, Income
quintiles, Cardiovascular risk profile.

o Variables with high data availability: Self-perceived health (5,570), Hypertension (5,556),
Last dental checkup (5,520), BMI (5,537), and Presence of prosthetic tooth replacement
(5,534).

« Variables with moderate data availability: Financial status (5,467), Hypercholesterolemia
(5,462), CVDs (5,594), Presence of chronic disease (5,489), Has filled teeth (5,486), Has per-
manent teeth missing due to decay (extracted) and not replaced (5,476), Has mobile Teeth
(5,457), Gum bleeding (5,443), and Self-perceived oral health (5,562).

o Variables with lower data Availability: Has active caries (5,320) and Number of permanent
teeth missing due to extraction (4,444).

This overview indicates a high level of data completeness across most variables. Notable
exceptions include presence of active caries and missing teeth except wisdom, where a
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relatively larger proportion of data was missing. The potential impact of these missing data on
the study’s findings is discussed further in the "Limitations’ section.

3.2 Sociodemographic and lifestyle characteristics

As seen in Table 1, gender differences were significant, with women exhibiting higher preva-
lence rates for hypertension (17.71%) and CVDs (8.7%), and a notable prevalence of hypercho-
lesterolemia (7.66%; all p<0.05). Among age groups, the 65+ demographic showed increased
prevalence in hypertension (15.32%) and CVDs (7.87%; p<<0.001), as well as a noticeable rate
in hypercholesterolemia (6.02%; p<0.001).

Socioeconomic factors, such as educational attainment and employment status, also had a
marked impact. Lower educational attainment was linked to higher rates of hypertension
(16.54%) and CVDs (7.93%), while unemployment correlated with higher prevalence in all
three conditions (hypertension: 19.85%, CVDs: 10.42%, hypercholesterolemia: 7.77%;
p<0.001). Lifestyle factors, specifically non-smoking status and overweight/obese condition
consistently showed higher prevalence rates across all outcomes (hypertension: 24.35% and
24.83%, CVDs: 10.27%, hypercholesterolemia: 10.16% and 10.53%; p<<0.001). Alcohol con-
sumption showed marginal significance in hypercholesterolemia (8.94%; p = 0.049).

3.3 Comparative oral health profiles

Results in Table 2 showed significant links between hypertension, self-perceived oral health,
dental checkup frequency, and presence of filled teeth (all p < 0.001). Hypertensive individuals
reported worse self-perceived oral health and had fewer dental checkups compared to their
non-hypertensive counterparts. In the context of CVDs, individuals with CVDs were more
likely to report poor oral health, have fewer dental checkups, have a higher number of teeth
missing due to extraction, and more likely to have prosthetic replacements (all p < 0.001).

Hypercholesterolemia was significantly associated with suboptimal self-perceived oral
health, gum bleeding, infrequent dental checkups, fewer filled teeth, and higher mobility and
number of missing teeth (p values ranging from <0.001 to 0.038).

3.4 Multiple logistic regression models

Tables 3 and 4 present multiple logistic regression analysis for the key outcomes of interest.
For hypertension, younger age groups (15-34: OR = 0.14 [0.09-0.21]; 35-64: 0.45 [0.35-0.57])
and higher educational attainment (secondary: 0.73 [0.60-0.90]; tertiary: 0.63 [0.48-0.83])
were associated with lower odds. Normal BMI (0.42 [0.35-0.51]) and non-drinking (0.80
[0.66-0.97]) also reduced odds, whereas oral health factors like 6 to 19 extracted teeth (1.67
[1.00-2.77]) and prosthetic replacements (1.45 [1.20-1.75]) increased them.

For CVDs, younger ages (15-34: 0.40 [0.23-0.70]; 35-64: 0.64 [0.49-0.84]) and employ-
ment (0.69 [0.52-0.91]) were protective, while chronic disease presence (4.34 [3.18-5.92]),
poor self-perceived health (2.70 [2.12-3.45]), gum bleeding (1.69 [1.30-2.21]), and prosthetic
teeth (1.35 [1.07-1.70]) increased risks.

In hypercholesterolemia, younger age (15-34: 0.27 [0.15-0.50]; 35-64: 0.63 [0.48-0.83]),
urban residence (1.28 [1.03-1.59]), and tertiary education (1.40 [1.03-1.89]) showed signifi-
cant associations. Normal BMI (0.51 [0.40-0.65]) was protective, while chronic disease (3.16
[2.39-4.17]), poor self-perceived health (1.67 [1.29-2.16]), gum bleeding (1.40 [1.09-1.81]),
prosthetic teeth (1.51 [1.19-1.92]), and recent dental checkups (1.51 [1.19-1.93]) correlated
with increased risks. Key associations with cardiovascular risk profile outcomes were also iden-
tified. Younger age groups (15-34: 0.12 [0.09-0.17], 35-64: 0.41 [0.33-0.52]) had significantly
lower odds than those 65+. Normal BMI (0.47 [0.40-0.56]) reduced odds and the presence of a
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Table 3. Weighted multiple logistic regression analysis of factors affecting hypertension and cardiovascular

diseases.
Characteristics Hypertension Cardiovascular diseases
OR (95% CI) | Pvalue OR (95% CI) | P value

Gender Male

Female 1.13 [0.94-1.35] 0.192 | 1.02 [0.83-1.26] 0.828
Age groups 65+

15-34 0.14 [0.09-0.21] | <0.001 | 0.40 [0.23-0.70] 0.001

35-64 0.45 [0.35-0.57] | <0.001 | 0.64 [0.49-0.84] 0.001
Area of residence Rural

Urban
Educational attainment Primary

Secondary 0.73 [0.60-0.90] 0.003 | 0.91 [0.72-1.16] 0.459

Tertiary 0.63 [0.48-0.83] 0.001 | 1.28 [0.95-1.73] 0.105
Employment Unemployed

Employed 0.89 [0.71-1.12] 0.318 | 0.69 [0.52-0.91] 0.009
Financial status Average

Good 0.94 [0.76-1.15] 0.524 | 1.16 [0.91-1.48] 0.231

Bad 0.93[0.71-1.21] 0.593 | 1.10 [0.84-1.45] 0.491
Income quintiles First

Second 0.81 [0.63-1.04] 0.101

Third 0.70 [0.54-0.91] 0.008

Fourth 0.93 [0.70-1.23] 0.616

Fifth 0.74 [0.53-1.03] 0.073
Smoking Smoker

Non-smoker 1.08 [0.89-1.32] 0.434
BMI Overweight and Obese

Normal 0.42 [0.35-0.51] | <0.001
Alcohol use Drinker

Non-drinker 0.80 [0.66-0.97] 0.02 | 1.04 [0.84-1.28] 0.749
Has Chronic disease No

Yes 5.85 [4.80-7.13] | <0.001 | 4.34 [3.18-5.92] | <0.001
Self-perceived health Average

Good 0.74 [0.60-0.90] 0.003 | 0.45 [0.35-0.59] | <0.001

Bad 1.11 [0.85-1.43] 0.446 | 2.70 [2.12-3.45] | <0.001
Self-perceived oral health Average

Good 0.86 [0.71-1.05] 0.141 | 1.01 [0.79-1.29] 0.947

Bad 0.86 [0.69-1.08] 0.198 | 1.12[0.88-1.42] 0.367
Number of permanent teeth None
extracted due to decay, not 1to5 1.09 [0.67-1.77] | 074 | 1.12[0.59-2.12] | 0.732
replaced 6to 19 1.67 [1.01-2.77] 0.049 | 1.49 [0.79-2.84] 0.221

More than 20 1.35 [0.80-2.29] 0.264 | 1.31 [0.69-2.51] 0.407
Has filled teeth No

Yes 0.81 [0.64-1.03] 0.088
Presence of active caries No

Yes 1.09 [0.86-1.39] 0.463
Has mobile teeth No

Yes 1.14 [0.85-1.54] 0.38 | 1.01[0.73-1.39] 0.959

(Continued)
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Table 3. (Continued)

Characteristics Hypertension Cardiovascular diseases
OR (95% CI) |Pvalue| OR (95% CI) | P value

Has gum bleeding when No
brushing teeth Yes 0.91[0.72-1.15] | 0433 | 1.69 [1.30-2.21] | <0.001
Has permanent teeth missing No
due to decay (extracted) and not |y 1.00 [0.78-1.28] | 0.989 | 0.94[0.75-1.18] | 0.607
replaced
Oral health Optimal
Suboptimal 1.50 [0.88-2.55] 0.141
Presence of prosthetic tooth No
replacement Yes 1.45 [1.20-1.75] | <0.001 | 1.35 [1.07-1.70] | 0.01
Last dental Checkup More than a year ago
Less than 6 months ago | 1.03 [0.83-1.27] 0.798 | 1.11 [0.86-1.44] 0.415
less than a year but 0.97 [0.77-1.22] 0.795 | 0.88 [0.67-1.17] 0.391
more than 6 months
ago

Bold values indicate statistical significance at p < 0.05. Adjusted ORs account for other variables within the model.

Variables that were excluded by elastic net regularization are shaded with grey.

https://doi.org/10.1371/journal.pone.0301466.t003

chronic disease (5.20 [4.36-6.20]) elevated it. Good self-perceived health also reduced the odds
while bad health elevated it. Certain oral health conditions increased cardiovascular risk profile
odds (mobility: 1.49 [1.10-2.02], prosthetics: 1.69 [1.41-2.03], and recent dental visits 1.30
[1.06-1.60]).

3.5 Sensitivity analysis

The results from both bootstrapping and subpopulation analyses consistently affirmed the
robustness of the original model. Across various demographic groups and under repeated
sampling conditions, the associations originally identified remained stable and unchanged,
underscoring the reliability and generalizability of the primary findings.

4. Discussion

In light of the study’s aim to assess the impact of oral health indicators on hypertension,
CVDs, and hypercholesterolemia, findings indicated that certain dental health factors, such as
the number of extracted teeth and prosthetic tooth use, were associated with the aforemen-
tioned cardiovascular conditions. Poor self-perceived oral health and gum bleeding also
emerged as risk factors.

In alignment with findings by Se-Yeon Kim et al. (2018), which advocated for the utility of
self-perceived oral health as a reliable indicator of clinical oral health status, particularly in rela-
tion to periodontal conditions, the present study provided additional support for the accuracy
of self-assessed oral health measures [46]. Furthermore, the work of D. Locker et al. (2000) sub-
stantiated the concurrence of poor self-perceived oral health with lower psychological well-
being and diminished life satisfaction, particularly among older adults [47]. While these prior
studies established the validity of self-perceived oral health as a proxy metric for oral health,
they did not explore its relationship with the prevalence of chronic cardiac conditions.

While chi-squared tests indicated significant associations between self-perceived oral health
and chronic cardiac conditions, these associations diminished in multiple logistic regression
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Table 4. Weighted multiple logistic regression analysis of factors affecting hypercholesterolaemia and cardiovas-

cular risk profile.
Characteristics Hypercholesterolaemia Cardiovascular risk
profile
OR (95% CI) | Pvalue, OR (95% CI) | P value

Gender Male

Female 1.13 [0.92-1.40] 0.242 | 1.10 [0.93-1.30] 0.257
Age groups 65+

15-34 0.27 [0.15-0.50] | <0.001 | 0.12 [0.09-0.17] | <0.001

35-64 0.63 [0.48-0.83] | 0.001 | 0.41 [0.33-0.52] | <0.001
Area of residence Rural

Urban 1.28 [1.03-1.59] | 0.025 | 1.13 [0.95-1.35] 0.153
Educational attainment Primary

Secondary 1.10 [0.86-1.39] 0.458 | 0.87 [0.71-1.07] 0.183

Tertiary 1.40 [1.03-1.89] 0.031 | 1.02 [0.79-1.31] 0.872
Employment Unemployed

Employed 1.18 [0.89-1.56] 0.24 | 0.97 [0.78-1.20] 0.769
Financial status Average

Good 0.96 [0.75-1.23] 0.75

Bad 1.09 [0.81-1.46] 0.559
Income quintiles First

Second 1.15 [0.86-1.54] 0.345 | 0.91 [0.71-1.16] 0.439

Third 0.97 [0.70-1.33] 0.837 | 0.90 [0.69-1.17] 0.422

Fourth 1.22 [0.88-1.68] 0.226 | 1.09 [0.84-1.42] 0.508

Fifth 1.24 [0.83-1.87] 0.292 | 0.81[0.59-1.11] 0.19
Smoking Smoker

Non-smoker 1.04 [0.81-1.34] 0.742
BMI Overweight and Obese

Normal 0.51 [0.40-0.65] | <0.001 | 0.47 [0.40-0.56] | <0.001
Alcohol use Drinker

Non-drinker 0.89 [0.71-1.11] 0.311
Has Chronic disease No

Yes 3.16 [2.39-4.17] | <0.001 | 5.20 [4.36-6.20] | <0.001
Self-perceived health Average

Good 0.57 [0.44-0.73] | <0.001 | 0.53 [0.44-0.64] | <0.001

Bad 1.67 [1.29-2.16] | <0.001 | 1.55 [1.16-2.09] | 0.003
Self-perceived oral health Average

Good 1.11 [0.87-1.40] 0.403 | 0.95[0.78-1.15] 0.595

Bad 1.24 [0.96-1.61] 0.096 | 1.19 [0.94-1.50] 0.147
Number of permanent teeth None
extracted due to decay, not 1to5 1.26 [0.68-2.34] 0.46
replaced

6to 19 1.26 [0.67-2.35] 0.473

More than 20 1.14 [0.61-2.14] 0.685
Has filled teeth No

Yes 1.01 [0.83-1.22] 0.91
Presence of active caries No

Yes 0.96 [0.78-1.18] 0.693
Has mobile teeth No

Yes 1.36 [1.00-1.87] | 0.053 | 1.49 [1.10-2.02] | 0.01

(Continued)
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Table 4. (Continued)

Characteristics Hypercholesterolaemia Cardiovascular risk
profile
OR (95% CI) |Pvalue| OR (95% CI) | P value

Has gum bleeding when No
brushing teeth Yes 1.40 [1.09-1.81] | 0.008
Has permanent teeth missing No
due to decay (extracted) and not |y 1.00 [0.80-1.24] | 0.964 | 0.90[0.74-1.09] | 0.264
replaced
Oral health Optimal

Suboptimal 1.21 [0.90-1.61] 0.209
Presence of prosthetic tooth No
replacement Yes 1.51 [1.19-1.92] | 0.001 | 1.69 [1.41-2.03] | <0.001
Last dental Checkup More than a year ago

Less than 6 months ago | 1.51 [1.19-1.93] |  0.001 | 1.30 [1.06-1.60] | 0.013

less than a year but 1.08 [0.82-1.43] 0.569 | 0.87 [0.70-1.09] 0.226

more than 6 months

ago

Bold values indicate statistical significance at p < 0.05. Adjusted ORs account for other variables within the model.

Variables that were excluded by elastic net regularization are shaded with grey.

https://doi.org/10.1371/journal.pone.0301466.t1004

models after adjusting for confounders. This suggests that other variables may influence the
relationship between oral health and chronic cardiac conditions, highlighting the complexity
of oral-systemic health connections.

This study augments existing literature by showing a notable association between self-per-
ceived oral health and chronic cardiac conditions. Generally, individuals without these condi-
tions reported better oral health, while those with them often reported worse, supporting the
concept of a bidirectional relationship between oral and systemic health.

The observed elevated odds for hypertension among individuals with 6 to 19 teeth extracted
might intersect with the phenomenon related to prosthetic dental replacements increasing
hypertension odds as well, in several ways.

Firstly, both conditions, multiple teeth extractions and the need for prosthetic replace-
ments, could signify a history of chronic oral infections, tooth decay and periodontal disease.
These conditions can induce a state of systemic inflammation, which is in line with what Ram-
adan et al. (2020), and Passarelli et al. (2020), have concluded on the given topic [48, 49]. The
bioactive molecules released during this chronic low-grade inflammation, such as cytokines,
can adversely affect vascular endothelial function, setting the stage for increased arterial stiff-
ness and hypertension [50].

Secondly, multiple teeth extractions often necessitate prosthetic replacements for functional
reasons, such as chewing and speech. Research by Kim et al. (2021) found that the presence of
6-10 and 11 prosthetic crowns increased the prevalence of periodontitis by 1.24 and 1.28
times, respectively, compared to individuals without any prosthetic crowns [51]. This suggests
that prosthetic replacements may serve as foci for continued bacterial infection and periodon-
tal disease. Consequently, these localized oral health issues could perpetuate the cycle of sys-
temic inflammation, thereby elevating hypertensive risk [52, 53].

Furthermore, severe tooth loss can impact nutrition. Kossioni (2018) highlighted that tooth
loss often leads to dietary changes, with increased consumption of processed foods high in
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sodium and unhealthy fats, and reduced intake of fibrous fruits and vegetables, contributing to
hypertension risk [54, 55].

Lastly, these conditions may reflect healthcare-seeking behaviour. Older individuals with
multiple extractions and prosthetics are likely under regular healthcare supervision and may
use medications that influence blood pressure.

Oral health indicators, notably gum bleeding and the presence of prosthetic dental replace-
ments, were significantly associated with increased CVD risk in this study. Extensive tooth
loss, particularly more than 20 missing teeth, was also common among individuals with CVD,
supporting the notion of systemic inflammation and endothelial dysfunction as overlapping
mechanisms linking oral and cardiovascular health. Dhotre et al. (2016) highlighted how peri-
odontitis could contribute to atherosclerotic plaque formation by allowing oral bacteria to
enter the bloodstream [56]. This aligns with Ola Vedin et al. (2014), who found a correlation
between periodontal disease indicators, such as gum bleeding, and elevated cardiovascular risk
[57]. Prosthetic dental replacements may serve as persistent foci for bacterial accumulation,
thereby contributing to atherosclerotic plaque formation. The widespread tooth loss noted in
the CVD cohort may reflect a nutritional landscape marked by lipid abnormalities and dimin-
ished cardiovascular health. Collectively, these findings substantiate a complex, bidirectional
interaction between oral health parameters and CVD risk, thereby augmenting current scien-
tific discourse on the systemic implications of oral health.

The significance of these findings is particularly relevant in Hungary, where chronic condi-
tions and heart disease-related mortality are prevalent. Given Hungary’s high rates of gingivitis
and periodontal disease, these results contribute to both the global understanding of CVD and
offer critical insights for its management and prevention within the Hungarian context.

In accordance with the existing scientific literature, the present study delineated a statisti-
cally significant elevated risk of hypercholesterolaemia among urban residents and individuals
with higher educational attainment [58-64].

The study also revealed specific oral health indicators notably influencing the risk profile
for hypercholesterolaemia. Gingival bleeding was associated with elevated odds of hypercho-
lesterolemia, as was the presence of prosthetic dental replacements. This association is sup-
ported by extant literature explaining the biological linkage between periodontal symptoms
and elevated plasma cholesterol levels [65, 66]. For instance, Tahamtan et al. (2020) docu-
mented the salutary effects of statins on various dimensions of oral health, including chronic
periodontitis [67]. Additionally, a 2014 study indicated that periodontal therapy ameliorated
subclinical arterial thickness, implicating a correlation between atheromatous plaques and
periodontal disease [68]. Fu et al. (2016) further substantiated this link, demonstrating that
periodontal treatment led to improved serum lipid and proinflammatory cytokine profiles in
hyperlipidaemic patients [69].

In a departure from established literature, the current study noted two interesting observa-
tions, one is the association between recent dental visits (within the last 6 months) and an ele-
vated risk of hypercholesterolemia. Interpretation could involve the concept of "risk factor
clustering". Individuals who seek dental care frequently may already be engaged in healthcare
surveillance due to other comorbidities or risk factors, including dyslipidaemia. Their dental
symptoms might be reflective of underlying systemic inflammation, which is also a key player
in the pathophysiology of hypercholesterolemia. The elevated lipid levels could be both a cause
and a consequence of inflammatory oral conditions, such as periodontitis, thus leading to a
cyclical relationship between oral health and lipid metabolism. The other observation was the
lack of statistically significant link between dental caries and CVDs, which was discussed in a
previous review article [70]. This could potentially be attributed to factors such as the hetero-
geneity in dental caries progression and treatment, and the multifactorial nature of CVD,
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which involves various risk factors that could obscure the impact of caries alone. Additionally,
the criteria for defining dental caries might not fully reflect the disease’s severity or its micro-
bial aspects, like S. mutans, suggesting the need for more focused research on the specific inter-
actions between oral health and cardiovascular diseases.

4.1 Strengths and limitations

This study distinguishes itself not only through its robust methodological framework but also
by filling a conspicuous gap in the literature on the Central and Eastern European region. To
the authors” knowledge, it is the inaugural study of its kind in the Hungarian population to
study the relationship between numerous chronic non-communicable diseases and oral health.
The utilization of data from the EHIS lends considerable weight to the generalizability of the
study’s findings. Methodological rigor is further accentuated by the incorporation of multiple
socioeconomic and demographic confounders, comprehensive data protocols, and innovative
machine learning applications for variable selection and sensitivity analyses.

This study has limitations, primarily due to its cross-sectional design which limits causal
inferences and temporal relationship establishment. Reliance on self-reported data raises con-
cerns of recall bias, affecting metrics like comorbidities and BMI accuracy. Furthermore, the
study’s scope was constrained by not differentiating chronic disease severity and excluding key
biochemical parameters (e.g., glycemia, HbA1c), limiting insights into metabolic and renal
impacts on cardiovascular outcomes. Also, while most variables exhibited high levels of data
completeness, a few had a noticeable proportion of missing values. This could potentially influ-
ence the accuracy and generalizability of the findings related to these specific aspects.

5. Conclusion

In a nationally representative sample of the Hungarian population, suboptimal oral health
markers were found to be significantly associated with increased risk for negative cardiac out-
comes. Conversely, improvements in oral health parameters are linked to a diminution in the
risk profiles of these outcomes. Targeted oral health interventions could serve as a vital compo-
nent of a multi-disciplinary approach to disease management and prevention. Future research
should delve into the causal and temporal relationships between oral health and heart and vas-
cular conditions, incorporating clinical assessments alongside self-reported data to enhance
accuracy and consider medication use as a potential confounder. Additionally, examining the
efficacy of oral health interventions on disease outcomes and dissecting variability across
demographic groups could yield critical insights for tailored public health strategies.
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