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Abstract
Background  The objective of this research is to clarify the impact of periodontitis on overall and cardiovascular-
related death rates among hypertensive individuals.

Method  A total of 5665 individuals with hypertension were included from the National Health and Nutrition 
Examination Survey (NHANES) data spanning 2001–2004 and 2009–2014. These individuals were divided into two 
groups based on the presence or absence of periodontitis and further stratified by the severity of periodontitis. 
We employed weighted multivariate Cox proportional hazards regression and Kaplan-Meier curves (log-rank test) 
to evaluate the impact of periodontitis on all-cause and cardiovascular mortality. Additional analyses, including 
adjustments for various covariates, subgroups, and sensitivity analyses, were conducted to ensure the robustness and 
reliability of our results.

Result  Over an average follow-up duration of 10.22 years, there were 1,122 all-cause and 297 cardiovascular deaths. 
Individuals with periodontitis exhibited an elevated risk of all-cause mortality (HR = 1.33, 95% CI 1.18–1.51; p < 0.0001) 
and cardiovascular mortality (HR = 1.48, 95% CI 1.15–1.89; p = 0.002). Moreover, we observed a progressive increase in 
both all-cause mortality and cardiovascular mortality (p for trend are both lower than 0.001) and correlating with the 
severity of periodontitis. These associations remained consistent across various subgroup and sensitivity analyses.

Conclusion  Our findings suggest a significant association between periodontitis and increased risks of all-cause 
and cardiovascular mortality among hypertensive individuals. Notably, the severity of periodontitis appears to be a 
critical factor, with moderate to severe cases exerting a more pronounced impact on all-cause mortality. Additionally, 
cardiovascular disease mortality significantlly increases in individuals with varying degrees of periodontitis.
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Introduction
The interplay between chronic diseases and mortality 
outcomes remains a paramount concern in epidemiologi-
cal research, particularly as non-communicable diseases 
(NCDs) continue to rise globally [1, 2]. Among these, 
hypertension stands out as a predominant cardiovascu-
lar risk factor [3], attributed to a significant increase in 
global morbidity and mortality rates. This condition, 
affecting an estimated 1.13  billion people worldwide, is 
a principal driver of adverse health outcomes, notably 
cardiovascular diseases (CVDs) and all-cause mortality 
[4–6]. The multifaceted relationship between hyperten-
sion and these outcomes underscores a complex web of 
pathophysiological mechanisms, including arterial stiff-
ness [7], endothelial dysfunction [8], and a pro-inflam-
matory state [9], all of which predispose individuals to a 
heightened risk of cardiovascular events and death [10].

Simultaneously, periodontitis, a pervasive chronic 
inflammatory condition affecting the supporting struc-
tures of the teeth [11], has been increasingly recognized 
for its potential systemic impact [12]. With a global prev-
alence that suggests a significant public health challenge 
[13, 14], periodontitis is not only a leading cause of tooth 
loss but also implicated in the exacerbation of systemic 
diseases, including cardiovascular disorders [15] and dia-
betes [16]. This association is mediated through shared 
pathophysiological pathways such as systemic inflamma-
tion [12, 17] and endothelial dysfunction [18, 19], posit-
ing periodontitis as a contributor to the progression of 
cardiovascular conditions and potentially influencing the 
disease trajectory in hypertensive individuals.

Despite the established connections between peri-
odontitis and systemic health [20–25], the prognosis of 
periodontitis on individuals with hypertension—a group 
already at elevated risk for cardiovascular morbidity and 
mortality [26]—remains underexplored. The relation-
ship between periodontitis and hypertension remains 
filled with many uncertainties [27]. As demonstrated by 
this comprehensive review [28], individuals with peri-
odontitis exhibited significantly elevated mean systolic 
and diastolic blood pressure compared to those without 
periodontitis, but existing studies lack investigations 
into the prognosis of hypertensive individuals with peri-
odontitis. This oversight is notable given the high preva-
lence and significant public health implications of both 
hypertension [29] and periodontitis [30]. Consequently, 
our goal is to further explore the potential interactions 
between periodontitis and hypertension—whether peri-
odontitis has an impact on the prognosis of hypertensive 
individuals. Bridging this knowledge gap is essential for 
developing targeted interventions that could mitigate the 
compounded risk associated with these conditions. We 
sought to prospectively evaluate a nationally representa-
tive cohort of US adults from NHANES—The National 

Health and Nutrition Examination Survey, offers a 
unique opportunity to investigate this association.

Method
Population
We utilized data from the NHANES cycles 2001–2002, 
2003–2004, 2009–2010, 2011–2012, and 2013–2014, as 
periodontal exams were not conducted between 2005 
and 2008. After excluding individuals for missing data 
on periodontitis status, hypertension diagnosis, other 
covariates, or follow-up, a total of 5665 eligible individu-
als were enrolled. The selection process is detailed in 
Fig. 1.

Assessment of oral examination
Due to variations in periodontal data across different 
years, we downgraded recent surveys to match the one 
with less information. We standardized the data by ran-
domly selecting periodontal examination records from 
one maxillary quadrant and one mandibular quadrant 
of 2 sites. All clinical examiners were thoroughly trained 
and calibrated by the survey’s reference examiner. The 
determination and categorization of periodontitis were 
based on the utilization of Clinical Attachment Loss 
(CAL) and Probing Pocket Depth (PPD), following the 
Centers for Disease Control and Prevention in collabo-
ration with the American Academy of Periodontology 
(CDC–AAP) guidelines.

Definition of hypertension, cardiovascular mortality, and 
all-cause mortality
Hypertension was identified based on the following cri-
teria: a systolic blood pressure of 140 mmHg or higher, 
a diastolic blood pressure of 90 mmHg or higher, self-
reported use of anti-hypertensive medications, or a con-
firmed doctor’s diagnosis.

The assessment of cardiovascular (CVD) and all-cause 
mortality was conducted using the records from the 
National Death Index (NDI). Causes of death were clas-
sified according to the International Classification of Dis-
eases, Tenth Revision (ICD-10).

Definition of covariates
Sociodemographic data and information on comor-
bidities were collected using standardized question-
naires, tests, and examination procedures. Key variables 
included:

1)	 Sociodemographic Characteristics: Age was 
calculated from birth to the interview date. Gender 
was self-reported. Ethnicity categories included 
Mexican American, Other Hispanic, non-Hispanic 
White, non-Hispanic Black, and Other. Educational 
levels were classified as less than high school, high 
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school or equivalent, and college graduate or above. 
Marital status options were married, living with 
partner, never married, separated, and widowed. 
Annual household income include: < USD 20,000, 
USD 20,000–USD 45,000, USD 45,000–USD 75,000, 
USD 75,000–USD 100,000, > USD 100,000. PIR 
was used as the indicator of family income and was 
categorized as below poverty (< 1) and at or above 
poverty (≥ 1).

2)	 Lifestyle Factors: Smoking status was categorized as 
never smokers (those who smoked fewer than 100 
cigarettes in their lifetime), current smokers (those 
who have smoked more than 100 cigarettes) and 
former smokers (those who smoked > 100 cigarettes 
and had quit smoking). Drinking status was defined 
as consuming alcohol 12 or more times per year.

3)	 Health Conditions:

�a)	 Diabetes: Diagnosis based on a doctor’s 
confirmation, glycohemoglobin HbA1c 
level ≥ 6.5%, fasting glucose ≥ 7.0 mmol/L, random 
blood glucose ≥ 11.1 mmol/L, two-hour oral 
glucose tolerance test ≥ 11.1 mmol/L, or use of 
antidiabetic drugs/insulin.

b)	 Hyperlipidemia: Diagnosed if meeting any 
criteria of high triglycerides (≥ 150 mg/dL), high 
total cholesterol (≥ 200 mg/dL), high LDL-C 
(≥ 130 mg/dL), low HDL-C (< 40 mg/dL in males, 
< 50 mg/dL in females), or use of lipid-lowering 
medications.

c)	 Chronic Obstructive Pulmonary Disease 
(COPD): Diagnosed if FEV1/FVC ratio < 0.7 
post-bronchodilator use, doctor-diagnosed 
emphysema, or use of specific medications 
(phosphodiesterase-4 inhibitors, mast cell 
stabilizers, leukotriene modifiers, inhaled 
corticosteroids) in individuals over 40 years with a 
smoking history or chronic bronchitis.

d)	 Coronary Heart Disease (CHD) and Congestive 
Heart Failure (CHF): Identified based on 
affirmative responses to specific NHANES 
questionnaire items.

e)	 Chronic Kidney Disease (CKD): Diagnosed 
with a Urine Albumin to Creatinine Ratio 
(UACR) ≥ 30 mg/g and estimated Glomerular 
Filtration Rate (eGFR) < 60.

Fig. 1  Flowchart illustrating the study design and the exclusion criteria applied to individuals. The flowchart details the selection process for individuals 
included in the study analysis
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4)	 Physical Measurements: Body Mass Index (BMI) was 
calculated as weight in kilograms divided by height in 
meters squared. Levels of white blood cells, platelets, 
and neutrophils were also recorded.

Statistical analysis
All analyses incorporated sample weights, strata, and pri-
mary sampling units, and the significance level was set at 
0.05. Continuous variables, assuming normal distribu-
tion, were expressed as means with standard errors (SEs), 
while categorical variables were reported as percentages. 
The differences between periodontitis and non-peri-
odontitis groups were analyzed using Wilcoxon rank sum 
test for continuous variables and χ² tests for categorical 
variables. The normality of continuous variables is tested 
using the Anderson-Darling test.

The Cox proportional hazards model was utilized to 
evaluate the relationships between periodontitis and both 
cardiovascular (CVD) mortality and all-cause mortality, 
ensuring adherence to the model’s proportional hazards 
assumption. The validity of this assumption was con-
firmed through the application of Schoenfeld residuals.

Univariate analyses were conducted to ascertain the 
association of each covariate with the outcomes. Based 
on these findings, three progressive multivariate models 
were constructed in two studies. In the study of cardio-
vascular (CVD) mortality, Model 1 adjusted for gender 
and age; Model 2 additionally included BMI, drinking sta-
tus, smoking status, educational levels, annual household 
income, and the count of neutrophil, platelets; Model 3 
further incorporated diagnoses of diabetes, COPD, CHF, 
CHD, and CKD. As for the study of all-cause mortality, 
Model 1 included gender and age; Model 2 addition-
ally adjusted for BMI, drinking status, smoking status, 
educational levels, annual household income, the count 
of neutrophil, platelets and white blood cells; Model 3 
expanded on Model 2 by including the diagnoses of dia-
betes, COPD, CHF, CHD, and CKD.

The relationship between periodontitis severity and 
mortality was evaluated by using a linear test (P-trend 
analysis). Stratified analyses were performed based on 
several factors, including gender, age, alcohol consump-
tion, smoking status, diabetes status, educational level, 
and the presence of specific comorbidities like COPD, 
CHF, CHD, and CKD. Benjamini-Hochberg method was 
performed in our subgroup analysis. To evaluate the sig-
nificance of interaction effects, we employed the likeli-
hood ratio method using R.

Sensitivity analyses were conducted to test the robust-
ness of the results. To reduce reverse causality bias, indi-
viduals who experienced CVD-related or all-cause deaths 
within the first two years of follow-up were excluded. The 
impact of periodontitis on CVD and all-cause mortality 

risk in hypertensive populations was further assessed 
using Kaplan-Meier curves and the log-rank test.

Result
Demographic characteristics of individuals
Our study encompassed 5665 individuals, with demo-
graphic details presented in Table  1. Upon compari-
son, individuals with periodontitis differed significantly 
from those without in several aspects. Individuals with 
periodontitis were generally older, male. They were also 
predominantly and had a lower representation of non-
Hispanic white. Additionally, a smaller percentage were 
married. In terms of health conditions, the prevalence 
of diabetes, COPD, CHD, CKD, and CHF was higher in 
the periodontitis group. The same trend was observed for 
individuals with elevated levels of white blood cells and 
neutrophil. However, platelet counts are different. The 
percentage of non-drinkers and fomer and current smok-
ers was also higher in the periodontitis group.

Association between Periodontitis and CVD 
mortality in hypertensive individuals
The relationship between periodontitis and CVD mortal-
ity in hypertensive individuals was rigorously analyzed 
using weighted Cox proportional hazards regression, as 
depicted in Fig.  2. Covariates that were statistically sig-
nificant in the univariate analysis were subsequently 
incorporated into the multivariate models, detailed in 
Additional File 1: Table S1. Following the adjustment for 
these covariates, it was observed that hypertensive indi-
viduals with periodontitis experienced a higher rate of 
CVD mortality across all models. Specifically, in Model 1, 
the HR was 1.78 (95% CI: 1.39–2.26), in Model 2, the HR 
was 1.58 (95% CI: 1.23–2.03), and in Model 3, the HR was 
1.48 (95% CI: 1.15–1.89). Additionally, there was a clear 
positive association between the severity of periodontitis 
and CVD mortality in Model 1 (HRs ranging from 1.14 
to 2.24), which was consistent in Model 2 (HRs ranging 
from 1.10 to 1.99) and Model 3 (HRs ranging from 1.13 
to 1.92). A significant increasing trend in mortality was 
noted with the severity of periodontitis (P-trend < 0.05) 
across all models. This trend was further corroborated 
by the Kaplan–Meier survival curve analysis, which dem-
onstrated similar findings (log-rank test, P < 0.0001) as 
shown in Additional File 4: Figure S1.

Association between periodontitis and all-cause mortality 
in individuals with hypertension
In terms of all-cause mortality (Fig.  3), the occurrence 
of periodontitis significantly elevated the all-cause mor-
tality in hypertension individuals (Model 1, HR = 1.61, 
95% CI 1.42–1.82; Model 2, HR = 1.42,95%CI 1.25–1.61; 
Model 3, HR = 1.33, 95%CI 1.18–1.51). Additionally, an 
increased rate of all-cause mortality was observed in 
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Characteristics Total (Meana/%,SEa) Non-periodontitis (Meana/%,SEa) Periodontitis (Meana/%,SEa) P-valueb

Age(years), means 55.19(0.23) 53.08(0.29) 59.07(0.39) < 0.0001
Age, % < 0.0001
< 60 61.05(0.02) 67.13(0.98) 49.93(1.51)
>=60 38.95(0.02) 32.87(0.98) 50.07(1.51)
Sex, % < 0.0001
Female 48.41(0.02) 52.62(1.10) 40.71(1.27)
Male 51.59(0.02) 47.38(1.10) 59.29(1.27)
Ethnicity, % < 0.0001
Mexican American 5.62(0.01) 4.51(0.59) 7.63(1.21)
Non-Hispanic black 12.54(0.01) 10.20(0.81) 16.83(1.49)
Non-Hispanic White 73.28(0.04) 77.81(1.39) 65.00(2.40)
Other Hispanic 3.90(0.01) 3.53(0.53) 4.57(0.72)
Other Race 4.66(0.00) 3.95(0.41) 5.96(0.81)
Annual household income, % < 0.0001
< 20,000 14.80(0.01) 11.91(0.77) 20.09(1.10)
20,000–45,000 28.86(0.01) 25.89(1.06) 34.30(1.32)
75,000–100,000 17.26(0.01) 20.71(1.23) 10.94(0.90)
45,000–75,000 23.95(0.01) 24.48(1.19) 22.99(1.36)
>100,000 15.13(0.01) 17.02(1.34) 11.68(1.32)
Poverty, % < 0.0001
<1 10.93(0.01) 8.46(0.54) 15.45(1.02)
>=1 89.07(0.03) 91.54(0.54) 84.55(1.02)
Educational levels, % < 0.0001
Less than high school 5.02(0.00) 2.78(0.28) 9.12(0.65)
High school or equivalent 36.05(0.02) 32.60(1.26) 42.36(1.27)
College Graduate or above 58.94(0.02) 64.63(1.28) 48.52(1.42)
Marital, % < 0.0001
Divorced 12.25(0.01) 11.26(0.65) 14.05(0.98)
Living with partner 4.80(0.00) 4.34(0.46) 5.63(0.64)
Married 63.29(0.03) 65.71(1.12) 58.88(1.28)
Never married 9.10(0.00) 9.55(0.69) 8.27(0.80)
Separated 2.26(0.00) 1.93(0.27) 2.85(0.40)
Widowed 8.30(0.01) 7.20(0.53) 10.31(0.69)
Smoking-status, % < 0.0001
never 51.83(0.02) 56.66(1.32) 43.00(1.41)
former 30.61(0.02) 29.24(1.11) 33.13(1.41)
now 17.55(0.01) 14.10(1.00) 23.87(1.09)
Drinking-status, % < 0.001
drinking 70.62(0.03) 73.00(1.63) 66.28(1.29)
non-drinking 29.38(0.02) 27.00(1.63) 33.72(1.29)
Diabetes, % < 0.0001
No 78.75(0.03) 81.87(0.78) 73.05(1.07)
Yes 21.25(0.01) 18.13(0.78) 26.95(1.07)
Hyperlipidemia, % 0.12
no 16.78(0.01) 16.14(0.78) 17.97(1.03)
yes 83.22(0.03) 83.86(0.78) 82.03(1.03)
COPD, % < 0.0001
No 96.18(0.03) 97.09(0.31) 94.50(0.61)
Yes 3.82(0.00) 2.91(0.31) 5.50(0.61)
CHD, % 0.01
No 95.67(0.03) 96.37(0.36) 94.37(0.59)
Yes 4.33(0.00) 3.63(0.36) 5.63(0.59)
CHF, % < 0.0001

Table 1  Baseline characteristics of participants with hypertension according to periodontal status
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individuals with moderate and severe periodontitis in 
Model 1 (HRs ranging from 1.14 to 1.65), Model 2 (HRs 
ranging from 1.10 to 1.45), and Model 3 (HRs ranging 
from 1.13 to 1.35). The P value for the trend test was less 
than 0.05 across all models, indicating that the severity 
of periodontitis has a considerable impact on all-cause 
mortality. The Kaplan–Meier survival curve presented 
comparable findings (log-rank test, P < 0.0001) as shown 
in Additional File 5: Figure S2.

Subgroup analyses
To further understand the influence of various covariates 
on the relationship between periodontitis and mortal-
ity outcomes, subgroup analyses were conducted. These 
analyses, stratified by a range of covariates, uniformly 
demonstrated that periodontitis is linked to an increased 
risk of both cardiovascular (CVD) and all-cause mortal-
ity in hypertensive individuals. This was evidenced by the 
fact that nearly all Hazard Ratios (HRs) were greater than 
1, as detailed in Table 2 for CVD mortality and Table 3 
for all-cause mortality. Notably, the subgroup analysis 
highlighted the robustness of the correlation between 
periodontitis and heightened risk of CVD mortality. This 
relationship was observed across most subgroups (p for 
interaction > 0.05), except annual household income, 
that means CVD mortality did not interact with these 
covariates. Furthermore, CVD mortality increased with 
the severity of periodontitis with a significant trend (p 
for trend < 0.05) in most subgroups. Interestingly, we 
observed that periodontitis has minimal impact on CVD 
mortality in individuals with CHD, CHF. Consequently, 
we conducted an analysis of non-CVD causes of mor-
tality, and the results are presented in Additional File 2: 
Table S2.

Regarding all-cause mortality, as the severity of peri-
odontitis increased, all-cause mortality increased in most 

subgroups (p for trend < 0.05). Additional, important fac-
tors such as age, the presence of chronic kidney disease 
(CKD), coronary heart disease (CHD), and diabetes, 
exhibited significant interactions with the outcomes (p 
for interaction < 0.05). This finding suggests that these 
specific covariates might differentially influence the link 
between periodontitis and all-cause mortality in hyper-
tensive individuals.

Sensitivity analyses
To evaluate the robustness of our study’s conclusions, we 
performed two detailed sensitivity analyses, as outlined 
in Additional File 3: Table S3. By demonstrating stability 
in the face of these rigorous tests, our study’s findings are 
further substantiated, adding to the growing body of evi-
dence on the impact of periodontitis on cardiovascular 
health and mortality in hypertensive populations.

Discussion
This large cohort study, involving 5665 hypertensive indi-
viduals, revealed the effect of periodontitis on CVD and 
all-cause mortality in individuals with hypertension. It 
is the first to report an association between periodonti-
tis and mortality in an adequate, representative sample 
among US individuals with hypertension. Moreover, 
this is the first study to establish the prognostic value of 
periodontitis in adults with hypertension. That is, people 
with periodontitis had a 48% higher risk of CVD mor-
tality than people without periodontitis, while all-cause 
mortality was 33% higher, showing a significant mortal-
ity association between periodontitis and people with 
hypertension. To reduce the potential for reverse causa-
tion bias, we make two sensitivity analyses by excluding 
individuals who had experienced either cardiovascular 
disease (CVD)-related or all-cause deaths within the ini-
tial two years of the follow-up period. The outcomes of 

Characteristics Total (Meana/%,SEa) Non-periodontitis (Meana/%,SEa) Periodontitis (Meana/%,SEa) P-valueb

Age(years), means 55.19(0.23) 53.08(0.29) 59.07(0.39) < 0.0001
Age, % < 0.0001
No 97.04(0.04) 97.86(0.29) 95.56(0.48)
Yes 2.96(0.00) 2.14(0.29) 4.44(0.48)
CKD, % < 0.0001
No 78.71(0.03) 82.39(0.79) 71.98(1.16)
Yes 21.29(0.01) 17.61(0.79) 28.02(1.16)
BMI (kg/m2)a,mean 30.74(0.13) 30.89(0.16) 30.47(0.18) 0.003
Platelet Count (x109cells/L), mean 249.53(1.52) 253.21(1.68) 242.80(2.32) < 0.0001
WBC Count (x109cells/L), mean 7.25(0.05) 7.14(0.06) 7.45(0.07) 0.002
NeuT Count (x109cells/L), mean 4.34(0.04) 4.26(0.04) 4.47(0.06) 0.001
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; CHD, coronary heart disease; CHF, congestive heart failure; CKD, chronic kidney 
disease; WBC: white blood cells; NeuT, Neutrophil; SE, stand error
aNormally distributed continuous variables are described as means ± SE; categorical variables are presented as numbers (percentages). All estimates accounted for 
complex survey designs
bThe Wilcoxon rank sum test was used for continuous variables and the χ test for categorical variables

Table 1  (continued) 
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these sensitivity analyses were in line with our primary 
findings, demonstrating the robustness of our study’s 
conclusions.

At present, with the increasing number of individu-
als with periodontitis and hypertension, the relation-
ship between them has been widely discussed in many 
literatures. [27, 28, 31, 32]. Additionally, a study even 
concluded that hypertensive individuals are more prone 
to periodontal infections [33]. However, there remains 
a relative dearth of studies specifically examining the 

impact of periodontitis on mortality in hypertensive pop-
ulations. This study aims to further explore the potential 
interactions between periodontitis and hypertension, 
thereby contributing to a broader understanding of how 
these conditions may interact and impact mortality. 
Our study delved into a nationally representative sam-
ple of US adults with hypertension, contributing to the 
broader understanding of these correlations. This study 
concluded that compared to their counterparts without 
periodontitis, hypertensive individuals with periodontitis 

Fig. 2  Graphical representation depicting the relationship between periodontitis and cardiovascular disease (CVD) mortality in hypertensive individuals. 
Abbreviations used include HR (hazard ratio), CI (confidence interval), and CVD. The figure shows survey-weighted HRs with 95% confidence intervals and 
corresponding p-values. Model 1 adjusts for gender (male or female) and age (< 60 or ≥ 60 years). Model 2 includes adjustments from Model 1 plus BMI, 
drinking status, educational levels, smoking status, annual household income, and the count of neutrophil, platets. Model 3 builds upon Model 2, adding 
adjustments for diagnoses of diabetes, COPD, CHF, CHD, and CKD
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exhibited increased rates of CVD and all-cause mortal-
ity. Our approach incorporated comprehensive covariate 
adjustments, stratified analyses, and sensitivity analyses 
to bolster the reliability and robustness of our results.

In our subgroup analysis, almost all HRs showed a cor-
relation between periodontitis and mortality in individu-
als with hypertension (HRs > 1). Additionally, our study 
found an association between various degrees of peri-
odontitis and increased CVD and all-cause mortality in 
hypertensive individuals. This association was particu-
larly pronounced in those with moderate and severe peri-
odontitis. A noteworthy observation is that age, presence 

of CKD, CHD and diabetes had significant interactions 
on the effect of periodontitis on all-cause mortality, while 
annual household income significantly interacts with its 
effect on cardiovascular mortality. Surprisingly, our study 
revealed that periodontitis has a modest impact on the 
cardiovascular mortality of hypertensive individuals with 
CHD and CHF. Subsequently, we conducted an analy-
sis of non-cardiovascular mortality in these individuals 
and found that periodontitis had no significant impact 
on non-cardiovascular mortality in CHD individu-
als, but had a significant effect on the CHF group. Per-
haps because, in individuals with coronary heart disease 

Fig. 3  Illustration of the relationship between periodontitis and all-cause mortality in hypertensive individuals. Model 1 was adjusted for gender (male 
or female) and age (< 60 or ≥ 60 years). Model 2 included Model 1 plus adjustments for BMI, alcohol consumption status, education level, smoking status, 
annual household income, the count of neutrophil, platets and white blood cells. Model 3 builds on Model 2 by adding adjustments for the diagnosis of 
diabetes, COPD, CHF, CHD, and CKD.
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(CHD) is likely the dominant health risk factor, whether 
for CVD-related or non-CVD-related deaths. This means 
that the health status and mortality risk of these individu-
als are primarily determined by CHD, with periodontal 
disease having a relatively smaller impact. As for individ-
uals with chronic heart failure, the impact of periodon-
titis on CVD mortality is minimal, likely because their 
baseline CVD risk is already very high, limiting the rela-
tive contribution of periodontal disease to cardiovascular 
disease mortality. While the significant effect of peri-
odontal disease on non-CVD-related deaths may be due 
to the poorer overall health of individuals with heart fail-
ure, making them more vulnerable to the negative effects 
of periodontal disease.

The mechanisms underlying the relationship between 
periodontitis and the long-term prognosis of hyperten-
sive individuals are multifaceted and complex. Compre-
hensive understanding of these mechanisms is crucial 
for assessing their impact on overall health outcomes. 
Firstly, the microbiological mechanism deserves empha-
sis. It involves periodontal pathogens from subgingival 
biofilms invading blood vessels, spreading to distant tis-
sues, promoting plaque formation, and consequently 
leading to atherosclerosis [34]. This process underscores 
the direct impact of oral pathogens on cardiovascular 
health. Another critical aspect is the inflammatory and 
immunological mechanisms. Periodontitis can elevate 
serum levels of pro-inflammatory mediators, matrix 
metalloproteinases, and nitric oxide. These changes can 
influence systemic inflammation, which is further exac-
erbated by alterations in lipid profiles and thrombotic 
and hemostatic markers [35, 36]. Previous research has 
demonstrated that inflammation plays a significant role 
in the pathophysiology of CVD in individuals with hyper-
tension [37–39], impacting both the onset and progres-
sion of the disease. Therefore, the systemic inflammation 
caused by periodontitis may contribute to increased 
mortality in hypertensive individuals. The relationship 
between oral and cardiovascular health is further high-
lighted by studies showing that effective management 
of periodontal disease can reduce the incidence of CVD 
[40, 41]. This evidence underscores the importance of 
oral healthcare not just for dental well-being but also for 
its potential impact on overall cardiovascular health and 
mortality in individuals with hypertension.

In conclusion, our study establishes a significant asso-
ciation between periodontitis and both cardiovascular 
disease (CVD) and all-cause mortality in individuals with 
hypertension. These findings underscore the importance 
of good periodontal health, not only as a key aspect of 
oral hygiene but also as a crucial factor in reducing the 
risk of mortality for adults with hypertension. This high-
lights the need for integrated healthcare approaches 
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that consider oral health as an integral part of managing 
hypertension and its associated risks.

Limitations
It is important to acknowledge certain limitations in our 
study. Firstly, the observational nature of the study design 
precludes the establishment of causality. Secondly, the 
reliance on self-reported data for covariates at baseline 
may lead to reduced accuracy and does not account for 
changes over time. Lastly, mortality data were obtained 
by linking to the National Death Index records through 
probabilistic matching, rather than through direct longi-
tudinal follow-up of individuals. These limitations sug-
gest that while our findings are indicative, they should be 
interpreted with caution.

Conclusion
Our study reveals that periodontitis, a chronic inflam-
matory condition affecting the gums and supporting 
structures of the teeth, is significantly associated with 
CVD and all-cause mortality in hypertensive individu-
als. Notably, there is an observable increase in CVD 
and all-cause mortality in these individuals as the sever-
ity of periodontitis intensifies. Furthermore, moderate 
to severe periodontitis appears to heighten the risk of 
CVD and all-cause mortality. These findings underscore 
the importance of diligent oral health care and effective 
management of periodontitis, particularly in hyperten-
sive individuals. Proper oral healthcare may offer a viable 
approach to reducing cardiovascular events and improv-
ing long-term health outcomes in this population.
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