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Abstract

Background—Hypertension and periodontal disease are common conditions among 

postmenopausal women. Periodontal disease has been found associated with hypertension in 

previous studies, but data in postmenopausal women is limited.

Methods—We assessed the cross-sectional associations of clinically measured periodontal 

disease with prevalent hypertension and measured systolic blood pressure (SBP) among 1,341 

postmenopausal women enrolled in the Buffalo Osteoporosis and Periodontal Disease 

(OsteoPerio) study, an ancillary study of the Women’s Health Initiative-Observational Study.

Results—Clinical attachment level (CAL) and number of teeth missing were positively 

associated with SBP among those not taking antihypertensive medication in crude and 

multivariable adjusted linear regression models (both P<0.05). Alveolar crestal height (ACH) and 

gingival bleeding on probing were associated with higher SBP in crude but not multivariable 

adjusted models. Neither probing pocket depth (PPD) nor severity categories of periodontitis were 

associated with SBP. Number of teeth missing was significantly associated with prevalent 

hypertension in crude and multivariable adjusted models (OR=1.14, per 5 teeth; P=0.04). ACH 

was associated with prevalent hypertension in crude but not adjusted models. CAL, PPD, gingival 
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bleeding, and severity of periodontitis were not significantly associated with prevalent 

hypertension.

Conclusion—These results suggest that measures of oral health including CAL and number of 

teeth missing are associated with blood pressure in postmenopausal women. Prospective studies 

are needed to further investigate these associations and the potential underlying mechanisms for 

these relationships.
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INTRODUCTION

There is a growing body of evidence that supports a role of inflammation and the immune 

system in the dysregulation of blood pressure control and in developing hypertension1–6. 

Periodontal disease is a common disease associated with chronic low-grade inflammation 

and an altered host immune response, as represented by elevated levels of inflammatory 

cytokines among individuals with clinically measured periodontitis.7,8 Periodontal disease 

commonly leads to tooth loss9 and has been associated with systemic inflammatory diseases, 

including type 2 diabetes10 and atherosclerotic vascular disease11. Prevention of periodontal 

disease and its progression is possible and treatment of periodontal disease is associated with 

improvement in inflammatory cytokine profile12.

Impaired arterial blood pressure regulation and clinical hypertension are systemic conditions 

that also are associated with inflammation and immune function13. Epidemiologic studies 

examining the relationship between periodontal disease and hypertension have ranged in 

sample size and quality of data collection14; some studies utilize clinical measures of 

periodontal disease and blood pressure15 while others rely on self-reported periodontal 

disease and hypertension16. The majority of studies support a positive association15,17–20 

between these conditions, while others did not observe this association16,21. There are 

limited data on the associations between hypertension and clinical measures of periodontal 

disease specifically in postmenopausal women14. This association is particularly important 

to study because periodontal disease22 and hypertension23 each have high prevalence among 

postmenopausal women. The prevalence of hypertension in the United States is 55.5% 

among women aged 55–64, 65.8% among women 65–74 and 81.2% among women ≥75 

years of age23. According to NHANES 2009–2010 and 2011–2012 prevalence of 

periodontal disease was 68% among US adults age ≥65 years22. Furthermore, hypertension 

is a major modifiable risk factor for cardiovascular disease and stroke, which are leading 

causes of death in postmenopausal women23. Hypertension is associated with cardiovascular 

disease and mortality in a log-linear relationship such that starting at 115 mmHg systolic 

blood pressure until 180 mmHg, each 20 mmHg of blood pressure is associated with 

approximately 2 fold increase in risk of mortality from stroke, heart disease, or other 

vascular disease. A small cross-sectional study evaluated the association between oral health 

and hypertension specifically in postmenopausal women and found a significant positive 

association between prevalent hypertension and having missing teeth24; however, this study 

did not assess clinical measures of periodontal disease. As such, the present study provides 
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further assessment of a potential association for blood pressure and hypertension prevalence 

with clinical measures of periodontal disease in a sample of postmenopausal women where 

clinical periodontal measures and hypertension status are well-characterized.

METHODS

Study Design and Study Population

Our study consists of postmenopausal women who were enrolled in the Buffalo 

Osteoporosis and Periodontal Disease (OsteoPerio) Study, which is ancillary to the Women’s 

Health Initiative Observational Study (WHI-OS). OsteoPerio consists of 1,341 women who 

completed clinical periodontal disease examinations at a baseline visit between 1997–2001. 

OsteoPerio was designed to assess the association between systemic bone density and oral 

health, including oral bone loss, in postmenopausal women. Women were excluded from the 

OsteoPerio study if they had < 6 teeth remaining in their mouths, history of bone disease 

other than osteoporosis, had bilateral hip replacement, had cancer diagnosed in the past 10 

years, or reported other serious illness25.

Measurement of Study Variables

Participants completed questionnaires, medication inventory, physical examination, and oral 

examination at an in-clinic study visit. Systolic and diastolic blood pressure was measured 

via auscultation using a conventional sphygmomanometer after participants rested quietly 

for 5 minutes in a clinic room without excessive noise. The first and fifth Korotkoff sounds 

were used to define systolic and diastolic blood pressures, respectively. The average of two 

measures taken at least 30 seconds apart was recorded. Previous diagnosis and/or treatment 

of hypertension or high blood pressure by a physician was assessed via questionnaire as 

follows: “Have you been diagnosed and/or treated by a physician for any of the following 

(check all that apply) and also fill in the age when you were first diagnosed and/or treated. 

Hypertension/High blood pressure” Current anti-hypertension medication use was assessed 

via medication inventory. We created a composite definition of hypertension (yes/no) based 

on questionnaire-reported hypertension, presence of anti-hypertension medication in their 

current medication inventory, systolic blood pressure ≥140, and/or diastolic blood pressure 

≥90. As a clinical diagnosis typically requires ≥2 office visits with measured blood pressure 

≥140/90, a sensitivity analysis was conducted assessing the impact of using a more stringent 

cutoff of systolic blood pressure ≥160 and/or diastolic blood pressure ≥100.

Standardized whole-mouth examinations were conducted by nine trained calibrated dental 

hygienists and dentists. Gingival bleeding on probing was assessed by manual periodontal 

probe, with bleeding presence or absence recorded at three sites per tooth and expressed as 

whole-mouth percentage of sites bleeding. Probing Pocket depth (PPD; millimeters) was 

measured using a constant force (20 g) electronic probe¶ on six surfaces per tooth in all teeth 

present with the mean value of all teeth measures used here. Clinical Attachment Level 

(CAL; millimeters) was measured using a manual periodontal probe# probe on 6 surfaces 

¶The Florida Probe System, Florida Probe, Gainesville, FL.
#Michigan O periodontal probe, Hu-Friedy, Chicago, IL.
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per tooth, with whole mouth mean used in the analysis. Number of teeth missing was 

assessed by dental examination and recorded for all teeth except third molars. A total of 11 

standardized intra-oral radiographs were taken to determine alveolar crestal height (ACH) of 

oral bone surrounding the teeth, a measure of longer-term cumulative exposure to 

periodontal disease and breakdown of the periodontium and surrounding bone. These 

assessments have been shown to be reliable and with acceptable measurement error26. 

Quality and projection geometry of the radiographs was assisted by use of extra-oral fixation 

with ear rods, a medical x-ray unit**, laser positioning and a lateral cephalostat head holder 

and set exposure times with ACH heights determined using the Hausmann method27. Mean 

coefficient of variation and intraclass correlation for within-examiner reliability of PPD were 

6% and 0.91 across duplicate measures performed in random quadrants of 724 of the study 

participants; for ACH, mean coefficient of variation and intraclass correlation were 5.1% 

and 0.98 across duplicate random quadrants of 885 participants28. Reproducibility of PPD, 

CAL, and ACH also has been demonstrated by intra- and inter-examiner mean differences 

<0.75 mm (<0.45 mm SD) in a randomly selected set of postmenopausal women assessed in 

duplicate by study examiners29. Twenty postmenopausal women were randomly selected 

from a parallel study with the same examiners as the present study to assess inter-examiner 

reliability; intraclass correlations for examiners were 0.97 for ACH and 0.86 for CAL30. We 

utilized a case definition of periodontitis based on CAL and PPD as proposed by the Centers 

for Disease Control (CDC) and the American Academy of Periodontology (AAP)31. This 

approach defines severe periodontitis as ≥2 interproximal sites with CAL ≥6 mm (not on the 

same tooth) and ≥1 interproximal site with PPD ≥5 mm and moderate periodontitis as ≥ 

interproximal sites with CAL ≥4 mm (not on the same tooth) or ≥2 interproximal sites with 

PD ≥5 mm (not on the same tooth); no or mild periodontitis constitutes those who do not in 

to the moderate or severe categories31. We also utilized a categorization of ACH which 

defined severe as mean ACH ≥3 mm, ≥2 sites with ACH ≥5 mm, or any tooth loss due to 

periodontal disease based on self-report. Mild/moderate was defined as mean ACH ≥2 mm 

to <3 mm or at least 1 site with ACH ≥4 mm but no reported tooth loss due to periodontal 

disease; a value of none constitutes those who do not fit into the previous categories based 

on ACH or self-reported tooth loss due to periodontal disease25.

Additional study covariates were collected via questionnaire including smoking history 

(current status: never, former current; total pack years), alcohol intake, physical activity 

(total energy expended from recreational physical activity including walking, mild, 

moderate, and strenuous physical activity), highest level of education, race/ethnicity, 

hormone therapy use, and prevalent comorbidities25,29,32–34. Some of these were recorded as 

part of the parent WHI-OS, whereas others were collected as part of the OsteoPerio study. 

Healthy Eating Index-2005 (HEI), a composite dietary score based on 12 food categories, 

and sodium intake werecalculated based information obtained from a self-administered food 

frequency questionnaire developed for use in the WHI program35. Neighborhood 

socioeconomic status (NSES) was determined at the level of census tract based on the 

following 6 variables collected in the 2000 census: percent of adults age > 25 years with less 

than high school education, percent of males unemployed, percent of households with 

**Bennett HFQ 300, Bennett X-Ray, Copiague, NY.
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income below the poverty line, percent of households receiving public assistance, percent of 

households receiving public assistance, percent of households with children headed by a 

woman, and median household income as described previously36. Measurements of height 

and weight25 were taken at the clinical exam, and body mass index (BMI) was calculated as 

kg/m2. Medication for hypertension, diabetes mellitus, and high cholesterol were recorded 

via medication inventory37. In our analyses, individuals were considered to have prevalent 

diabetes if they reported history of diabetes diagnosis or were currently taking medication 

for diabetes.

Statistical Analyses

Participant characteristics were assessed across categories of hypertension diagnosis as 

defined previously, as well as dichotomous categories of measured SBP (≥140 vs <140 

mmHg). For all statistical tests, p values less than 0.05 were considered statsitically 

significant. Differences in distribution across categories for categorical variables were 

assessed using X2 test and continuous variables were assessed using non-parametric 

Wilcoxon rank-sum test. Binary logistic regression was used to test crude, age-adjusted, and 

multivariable-adjusted associations between periodontal disease measures and prevalent 

hypertension. Linear regression was used to assess crude, age-adjusted, and multivariable-

adjusted relationships between periodontal disease measures and measured systolic blood 

pressure, modeled as a continuous variable, in groups based on hypertension medication. 

Multivariable models were adjusted for age, smoking status (never, former, current), BMI 

(kg/m2), HEI, sodium intake, alcohol intake, neighborhood socioeconomic status, and total 

recreational physical activity (metabolic equivalent [MET] hours per week; MET-hr/wk). 

Sensitivity analyses were conducted using a more stringent blood pressure cutoff for 

hypertension (≥160/100 mmHg) in logistic models. Data analysis was conducted using SAS 

version 9.4 (SAS Institute, Cary, NC).

RESULTS

Characteristics of study participants by hypertension and blood pressure categories are 

presented in Table 1. The mean (SD) age of our study sample was 66.7 (7.0) years. The 

majority were never-smokers (53%), with only 3% reported being current smokers. 

Participants were predominantly white (97%) and highly educated, with 78.8% having 

attended college or graduate school. Fifty-two women (4%) had diabetes mellitus, 137 

(10%) had heart disease, and 218 (16%) took cholesterol-lowering medication. Four hundred 

and twenty-four (32%) women reported ever having hypertension diagnosis and/or treatment 

by a physician and 465 (35%) were currently taking antihypertensive medications on the 

date of the study visit. Overall the mean (SD) systolic and diastolic measured blood 

pressures were 122.0 (18.4) and 70.6 (9.1) mmHg, respectively.

The number of missing teeth was significantly greater in both those with hypertension 

(P<0.0001) and those with elevated blood pressure (P=0.0002). Categories of none, mild/

moderate, and severe periodontal disease, defined by ACH measures, were significantly 

different according to blood pressure categories, with those having SBP ≥140 demonstrating 

presence of more severe disease (P=0.04). Other periodontal measures were not significantly 
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different in those with hypertension or elevated blood pressure compared with women who 

did not have hypertension or elevated blood pressure (Table 2).

Periodontal Measures and Prevalent Hypertension

In logistic regression analyses, number of teeth missing was significantly associated with 

prevalent hypertension in crude, age-adjusted, and multivariable-adjusted models (Table 3). 

After multivariable adjustment, a 1.0 standard deviation higher number of teeth missing, 

equivalent to 5.3 teeth, was associated with a 15% higher odds of prevalent hypertension 

(OR, 95% CI; 1.15, 1.01 to 1.30). ACH was significantly associated with hypertension in 

crude models (OR, 95% CI: 1.16, 1.01 to 1.33); this association was attenuated towards the 

null after age adjustment (OR, 95% CI: 1.02, 0.88 to 1.18). No other associations between 

measures of periodontal disease and prevalent hypertension were statistically significant. 

Gingival bleeding showed a non-significant positive association with hypertension in crude 

and age-adjusted models that was attenuated with multivariable adjustment. CAL, PPD, and 

categorical severity of periodontitis (CDC/AAP definition) trended toward positive 

associations with hypertension prevalence in crude and adjusted models but were not 

statistically significant. The category of severe periodontal disease based on ACH compared 

to the ‘none’ category trended toward a positive association with hypertension in crude 

models; however, in age- and multivariable-adjusted models the mild/moderate and severe 

categories of ACH were associated with lower odds of hypertension compared to the ‘none’ 

category, however this was not significant.

Periodontal Measures and Continuous Blood Pressure Measurement

Among those not taking antihypertensive medication, CAL and number of teeth missing 

were significantly positively associated with SBP in crude, age adjusted, and multivariable 

adjusted linear regression models (Table 4a). Based on regression models after multivariable 

adjustment, 5.3 higher teeth missing or 0.4 mm higher mean CAL were each associated with 

a 1 mmHg higher systolic blood pressure (CAL β = 2.39 mmHg/mean mm, P =0.01; 

Number of Teeth Missing β =1.55 mmHg/5 teeth missing, P = 0.01). ACH was positively 

associated with SBP in crude models both when assessed continuously and categorically 

(Severe vs. None). However, this association was greatly attenuated and lost statistical 

significance with age- and multivariable-adjustments. No other measures had significant 

associations with systolic blood pressure among those not taking antihypertensive 

medication.

Among those taking antihypertensive medication, severity of periodontitis based on 

CDC/AAP definition and categorization of alveolar crestal height werewas significantly 

associated with systolic blood pressure in crude models, but were attenuated and no longer 

significant in age and multivariable adjusted models, although there remained a trend toward 

an association between CDC/AAP definition of periodontitis and systolic blood pressure 

after adjustment. Percentage of sites with gingival bleeding trended towards an association 

with hypertension in crude and adjusted models.
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Sensitivity Analysis

Overall, results were similar when considering more stringent criteria for hypertension 

(systolic blood pressure ≥160 and diastolic blood pressure ≥100), however with this criteria, 

the multivariable adjusted association between number of teeth missing and prevalent 

hypertension was attenuated and no longer significant (OR 95%CI per 5 teeth missing = 

1.07, 0.94 to 1.21; P=0.30), suggesting that individuals deemed hypertensive based on blood 

pressures between 140–159 and 90–99 make a notable contribution to the observed 

significant association between teeth missing and hypertension using the lower cutoff.

DISCUSSION

This study is the one of the first to assess the association between a series of clinical 

measures of periodontal disease and both prevalent hypertension and measured blood 

pressure in a large sample of postmenopausal women. The OsteoPerio study represents a 

well-characterized cohort, which allows for the consideration of numerous potential 

confounders of this association. Clinical measures of periodontal disease in our study are 

among the most comprehensive in studies of this type, which allows for the comparison of 

measures representing various aspects of periodontal disease in relation to hypertension and 

blood pressure status. Several variables show expected association with self-reported 

hypertension (e.g., age, physical activity, BMI, history of diagnosed and treated diabetes and 

cardiovascular disease), providing some level of confidence the outcome variable reflects its 

underlying construct (Table 1).

The finding that number of teeth missing was associated with both prevalent hypertension 

and increased blood pressure among those not treated for hypertension is consistent with the 

finding of Taguchi and colleagues, who studied non-smoking postmenopausal women 

without diabetes not using medication for blood pressure24. Comparing age-matched women 

missing any number of teeth to those missing no teeth, they found that the odds of having 

SBP ≥140 or DBP ≥90 were higher in those with missing teeth (OR, 95% CI; 3.59, 1.10 to 

11.7), after adjustment for BMI, total cholesterol, HDL cholesterol, Triglycerides, and LDL 

cholesterol. The sparsity of other published studies of the kind in older women limits further 

comparison of results beyond the findings of Taguchi et al.

Relationships similar to those in the present study were assessed among 6617 men and 7377 

women who received dental exams as part of NHANES III15. In this investigation, gingival 

bleeding was associated with measured systolic blood pressure and with increased odds of 

hypertension after multivariable adjustments, while severity of periodontitis (defined by 

CDC/AAP criteria) as well as measures of CAL and PPD were significantly positively 

associated with blood pressure in crude analyses but were attenuated and lost significance 

after adjustment. Of note, a partial mouth oral examination was used to characterize 

periodontal disease status in NHANES III, whereas the present study conducted full-mouth 

exams which has been shown to increase accuracy and precision of periodontal disease 

assessment. Furthermore, the NHANES III examination only included measures for CAL, 

PPD, and gingival bleeding, whereas the present analysis also includes radiographic 

assessment of ACH, a measure with greater inter-examiner reliability than CAL and PPD29, 

as well as number of teeth missing.
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We found consistent associations between number of teeth missing and both prevalent 

hypertension and systolic blood pressure among those not treated with antihypertensive 

medication. Number of missing teeth may serve as a proxy for poor oral health in the past, 

likely including caries and periodontal disease. Thus, those having higher number of missing 

teeth could have had more severe periodontal disease, caries, or other oral health problems in 

the past which contributed to increasing blood pressure. Although age is included as a 

covariate in multivariable models, it is possible that there is residual confounding by age that 

could partially explain the observed association.

We also saw significant positive associations between systolic blood pressure and CAL 

among those not treated for hypertension. This is a soft tissue measure that may capture 

accumulated periodontal disease38. It is possible that this measure may best capture aspects 

of a cumulative history of periodontal disease associated with hypertension. We also a trend 

toward associations of systolic blood pressure with gingival bleeding on probing, which 

might capture the influence of ongoing disease and inflammatory processes. Positive 

associations of CAL with elevated blood pressure could be consistent with pathways linking 

the number of teeth missing and hypertension. CAL may represent severity of cumulative 

periodontal disease, which could increase the likelihood of both tooth loss and blood 

pressure dysregulation. Since calcium channel blockers used in treating hypertension are 

associated with gingival overgrowth and thus may influence measures of oral health39, we 

assessed associations between periodontal measures and blood pressure based on categories 

of treatment with antihypertensive medication. The absence of an association between 

gingival bleeding and blood pressure in the non-treated group suggests that the trend towards 

an association in the treated group may be related to antihypertensive medication.

We did not see significant associations after adjustment with PPD, ACH, or categorical 

measures of periodontal disease presence and severity defined using two different case 

criteria (CDC/AAP, and ACH). PPD may capture conflicting information, as it may be 

influenced by both moderate periodontal disease as well as acute gingival inflammation. 

ACH may represent longer term periodontal disease, but a lack of association after 

adjustment may suggest that processes influencing this measure may be less associated with 

systolic blood pressure. The lack of associations with categorical measures (ACH and CDC/

AAP) after adjustment may suggest that these measures do not adequately differentiate 

individuals based on likelihood of hypertension; however, alternatively it is possible that 

sample size and statistical power were insufficient for precise estimation of the true direction 

and magnitude of association, particularly with regard to these categorical analyses

Several potential mechanisms may be involved in the observed positive association of 

number of teeth missing with elevated blood pressure and prevalent hypertension. Higher 

numbers of teeth missing may be indicative of more severe periodontal disease or other oral 

disease in the past. Immune system activation associated with periodontal infection may lead 

to higher levels of oxidative stress, sympathetic nervous system activation, autoimmune 

reactivity, and elevated levels of inflammatory cytokines, which may all contribute to 

downstream elevation of blood pressure14. Possible pathways include stimulation of 

hormones in the renin-angiotensin-aldosterone system, modulation of kidney function, and 

endothelial dysfunction. Additionally, oral microbes fulfil a crucial role in the production of 
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vasodilator nitric oxide (NO). After absorption, dietary nitrates are concentrated in saliva, 

and subsequently reduced to nitrite by oral bacteria. Nitrite is reabsorbed in the gut and 

converted to NO peripherally. Thus changes to the oral microbiota associated with 

periodontal disease may impact the nitrate-nitrite-NO pathway, which could negatively 

impact vascular function40.

An important limitation of the present study is the cross-sectional nature precludes our 

ability to assess temporality of the association between periodontal disease and 

hypertension. Prospective studies are indicated that may better evaluate this relationship. 

Another limitation is the possibility of residual confounding. Although we have controlled 

for multiple potential confounders, it is a possibility that these or other factors were not 

adequately controlled for. For example, our dietary data is based on a food frequency 

questionnaire, which may not necessarily represent participants’ diets throughout the 

lifetime. We utilized blood pressure measured at a single time point, so we cannot exclude 

the possibility that certain individuals may have “white-coat” or masked hypertension, which 

could have yielded misclassification of our case definition of prevalent hypertension. Further 

research utilizing 24-hour ambulatory blood pressure monitoring would help resolve this 

issue. Also, our study consisted of predominantly healthy Caucasian women, thus it may be 

that adequate variability involved in some of these associations was not captured. Future 

studies should aim to expand our results to additional socioeconomic and racial/ethnic 

groups. The strengths of the present study include well-characterized oral health based on 

multiple clinical measures of periodontal disease. Hypertension was also well characterized, 

based on measured blood pressure and medication inventory as well as self-report of 

physician diagnosis of hypertension. Additionally, we have data on multiple covariates that 

has allowed us to control for numerous potentially confounding factors.

New research should focus efforts to further investigate mechanisms linking periodontal 

disease and hypertension. The oral microbiome and systemic inflammation are two such 

potential mechanisms. This association may have profound public health implications, as it 

would imply that preventing periodontal disease could in turn reduce hypertension risk. 

Further understanding of this potential relationship could eventually lead to public health 

interventions that could reduce the burden of morbidity and mortality attributed to 

hypertension.

CONCLUSIONS

In this cross-sectional study of postmenopausal women number of teeth missing were 

associated with prevalent hypertension. Additionally, CAL and number of teeth missing 

were associated with systolic blood pressure among women not taking antihypertension 

medication. Other measures of periodontal disease were not associated with number of teeth 

missing. These results suggest that measures representing cumulative burden of oral disease 

may be associated with blood pressure control. Although we controlled for multiple 

potential sources of confounding, possibility of residual confounding could persist due to 

several factors related to both periodontal disease and hypertension.
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Key findings

Clinical attachment level was associated with systolic blood pressure and number of teeth 

missing was associated with systolic blood pressure and hypertension; probing pocket 

depth, alveolar crestal height, gingival bleeding, and periodontal disease severity were not 

associated with systolic blood pressure or hypertension among postmenopausal women.
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