2202 ‘1 Yyore N uo Aq Bio'sfeuuno feye//:dny wouy papeojumoq

Oral Health and Hypertension

Poor Oral Health and Blood Pressure Control
Among US Hypertensive Adults

Results From the National Health and Nutrition Examination
Survey 2009 to 2014
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Abstract—Periodontal disease is a chronic inflammatory disorder of the tissues surrounding the teeth, with evidence of

systemic effects. Some studies showed the benefit of periodontal therapy on blood pressure (BP), but the impact of
periodontitis on BP control is unknown. We retrospectively analyzed cross-sectional, nationally representative data from
treated hypertensive adults aged 230 years with and without periodontitis. BP was examined as both continuous (mmHg)
and categorical (treatment goal achievement status according to guidelines: at goal and above goal) variable according
to the presence or absence of periodontitis and its clinical parameters (probing depth, clinical attachment loss, and disease
severity [mild, moderate, and severe]). Systolic BP means and odds ratios for uncontrolled BP according to the presence
and severity of periodontitis were calculated using progressively adjusted models. Among treated hypertensive adults, mean
systolic BP was about 2.3 to 3 mmHg higher in the presence of periodontitis (P<0.0001). Periodontitis was associated with
unsuccessful antihypertensive treatment after multiple adjustments, with higher odds by disease severity. A good periodontal
health is associated with better systolic BP profile during antihypertensive therapy by about 2.3 to 3 mmHg and with lower
odds of antihypertensive treatment failure. Dedicated studies are needed to test the impact of periodontal therapy on BP
and the long-term effects on cardiovascular outcomes of this complementary approach to systemic health. (Hypertension.
2018;72:1365-1373. DOI: 10.1161/HYPERTENSIONAHA.118.11528.) ® Online Data Supplement
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eriodontal disease is a chronic inflammatory disorder stem-
ming from the tissues surrounding the teeth,' but with ev-
idence of systemic effects on inflammatory markers.>® The
established role of systemic inflammation as a major determi-
nant of adverse cardiovascular outcomes’ has pushed research
toward exploring the association of periodontal disease with a
variety of cardiovascular conditions. Thus, many cardiovascular
risk factors and related diseases, including endothelial dysfunc-
tion,*'° hypertension,'"'? atherosclerosis,'>!* and major cardio-
vascular events,'1>15-8 have been associated with periodontitis.
According to the National Health and Nutrition
Examination Survey (NHANES) 2011 to 2014, hypertension
is the third cardiovascular risk factor after physical inactivity
and obesity in the United States' and affects 30% to 45% of
the general population worldwide,?*?! with great medical and
human costs related to its treatment and complications.?
Although some studies have reported on the benefit of per-
iodontal treatment on blood pressure (BP) profile,*?* data on
the impact of periodontitis on BP control in treated hyperten-
sive patients are lacking. Thus, the aim of the present study is

to examine the association between periodontitis and uncon-
trolled hypertension in treated hypertensive patients enrolled
in the 2009 to 2014 NHANES campaign.

Methods

Data Source NHANES data can be accessed through the Centers for
Disease Control and Prevention National Center for Health Statistics
website at https://www.cdc.gov/nchs/nhanes/index.htm. The present
study was deemed exempt from review by the Institutional Review
Board at the University of L’ Aquila.

Study Population

NHANES is a periodic survey conducted by the National Center for
Health Statistics of the Centers for Disease Control and Prevention.
It represents a stratified, multistage probability sample of the civilian
noninstitutionalized population in the 50 US states and the District
of Columbia.

The present study focuses on treated hypertensive adults >30
years of age, who answered the question: “Are you now taking
prescribed medicine for high BP?” during 2009 to 2014 NHANES
campaigns. These patients had been told at least once they had high
BP. Participants <30 years of age were excluded because periodon-
tal evaluation was performed only above that age threshold. Oral
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health data collection protocols were approved by the Centers for
Disease Control and Prevention, National Center for Health Statistics
Research Ethics Review Board, Atlanta, and all survey participants
provided written informed consent. All the examinations were con-
ducted in a mobile examination center.

Periodontal Examination

Participants who had at least 1 natural tooth (excluding third molars)
and did not meet any of the exclusion criteria (a history of heart trans-
plant, artificial heart valve, congenital heart disease not including mitral
valve prolapse, or bacterial endocarditis) were eligible for periodontal
examination, consisting in full-mouth, 6-site-per-tooth assessment of
periodontal pockets, recession, and loss of attachment. Disease severity
was defined according to the gold standard full-mouth periodontitis sur-
veillance protocol following suggested Centers for Disease Control and
Prevention/American Academy of Periodontology case definitions.' In
particular, periodontitis was classified as mild, in the presence of at least
2 interproximal sites with clinical attachment loss (CAL) 23 mm and at
least 2 interproximal sites with probing depth (PD) >4 mm (not on the
same tooth) or 1 site with PD >5 mm; moderate, defined as at least 2
interproximal sites with CAL >4 mm (not on the same tooth) or at least 2
interproximal sites with PD =5 mm (not on the same tooth); and severe,
defined as having at least 2 interproximal sites with CAL >6 mm (not on
the same tooth) and at least 1 interproximal site with PD >5 mm.'

BP Measurement

Arterial BP was measured by trained and calibrated physicians using a
mercury sphygmomanometer according to standardized BP measure-
ment protocols,” and 3 consecutive BP readings were taken for each
patient using the same arm. For the present analysis, an average of these
readings, expressed as mean and SD, was calculated for each patient.

Additional Data

Consistent with previous studies®® > and NHANES guidelines, addi-
tional data on general health status, medications use, laboratory find-
ings, as well as socioeconomic and demographic background were
selected for descriptive and inferential statistics, as appropriate. In par-
ticular, participants were stratified by categories of age (3044, 45-64,
and 265 years), sex (men/women), race (non-Hispanic whites, non-His-
panic blacks, Mexican-Americans, other Hispanics, and other, including
multiracial), ethnicity (Hispanics, including Mexican-Americans and
other Hispanics; non-Hispanics, including whites, blacks, and mul-
tiracial), glycemic status, body mass index, education (less than high
school, high school, and more than high school), income (proportion to
poverty level), and smoking status (current, former, or never smoker), as
collected by NHANES. Ethnicity was examined in terms of being or not
Hispanic, because of increased susceptibility of Hispanics to both high
BP and periodontal disease.”®*° Glycemic status was defined by serum
levels of HbAlc (glycohemoglobin Alc) as normoglycemia (<5.7%),
prediabetes (5.7%—6.4%), or diabetes mellitus (>6.4%). According to
body mass index, participants were classified as being underweight
(<18.5), normal weight (18.5-25), overweight (25-30), or obese
(=30). Additional parameters of interest included serum levels of CRP
(C-reactive protein), glucose, creatinine, and lipid panel (total and HDL
[high-density lipoprotein] cholesterol and triglycerides).

Statistical Analysis

All statistical analyses were performed using R software (v3.4.2; R
Foundation for Statistical Computing). Differences in demographic
characteristics were evaluated with unpaired ¢ tests for continuous
variables and 7’ tests for categorical variables. Bonferroni correction
was applied as appropriate.’!

Crude and progressively adjusted linear and logistic generalized
additive models*** were used to evaluate the associations between
periodontal disease and uncontrolled hypertension. BP was the de-
pendent variable and was modeled in 2 different ways: (1) continuous
(mmHg), in terms of mean systolic BP (SBP), given its stronger rela-
tionship with periodontitis than diastolic BP*; (2) dichotomized as be-
ing below or above 130/80 mmHg. In accordance with the American
College of Cardiology/American Heart Association 2017 Guideline for

the Prevention, Detection, Evaluation, and Management of High Blood
Pressure in Adults,* this threshold identifies the achievement of treat-
ment goal in treated hypertensive patients. In untreated patients, the
same BP values identify hypertension. Independent variables were se-
lected among clinical and demographic characteristics of the examined
sample (Table 1) and included age range, sex, ethnicity, body mass in-
dex ranges, smoking status, HbAlc ranges, total and HDL cholesterol,
triglycerides, creatinine, education, poverty level, and CRP. Selection of
smoothed variables was based on restricted maximum likelihood,*** re-
sulting in the identification of total cholesterol as cubic spline. Following
the initial crude model (model 1), 4 progressively adjusted models were
generated (model 2: age range, sex, ethnicity, body mass index ranges,
and smoking status; model 3: additional inclusion of HbAlc ranges, to-
tal cholesterol, HDL cholesterol, triglycerides, and creatinine; model 4:
also adjusted for education and poverty level; model 5: full adjusted
model incorporating CRP). SBP means were evaluated according to the
presence or absence of periodontitis. In treated hypertensive adults, the
same were then stratified by selected demographic characteristics (age
range, sex, and race/ethnicity) and clinical parameters of periodontitis,
namely PD, CAL, and disease severity (mild, moderate, and severe).
Student 7 tests were used to evaluate differences in mean among groups.

Crude and adjusted odds ratios for uncontrolled BP during treat-
ment according to the presence of periodontitis were obtained from
logit generalized additive models.

Cubic splines with 3 knots located at the 25th, 50th, and 75th
percentiles of the distribution® were generated to explore the rela-
tionship between SBP and PD/CAL.

Data were analyzed as recorded, without any imputation for
missing data.

Statistical significance was set at P<0.05. See Methods in the
online-only Data Supplement for a detailed discussion of the statis-
tical methods.

Results

A total of 11753 participants of 19528 underwent complete per-
iodontal examination during the NHANES 2009 to 2014 cam-
paigns. Among them, those who answered the question “Are you
now taking prescribed medicine for high BP?” were 4095, of
whom 3626 (88.5%) provided a positive answer, and 460 (11.5%)
answered no. Demographic and clinical characteristics of treated
hypertensive patients by periodontal disease severity are reported
in Table 1. Briefly, 47.8% of patients were found to be free of per-
iodontal disease. Among the remaining 52.2%, the majority had
moderate disease (37.8%), followed by severe (11.5%) and mild
(2.9%) disease. Compared with mild periodontitis, patients with
moderate and severe disease tended to be older, men, Hispanic,
smokers, normal weight, and to have lower income and educa-
tion. Those without periodontitis were more often non-Hispanic
white women, never/former smokers, and highly educated.
Across NHANES campaigns, prevalence of periodontitis-free
participants significantly increased over time. No differences in
glycolipid profile, creatinine, and CRP were recorded. Mean SBP
gradually increased across categories of disease severity (mild,
moderate, and severe). Interestingly, participants with mild di-
sease had lower SBP than those without periodontitis, but un-
measured factors might have accounted for this result.

Association of Periodontitis and Uncontrolled
Hypertension

The unadjusted raw mean SBP was about 2.3 mm Hg higher
in treated hypertensive adults with periodontitis (n=1834;
133.43+19.7 mmHg) than in those without the disease
(n=1694; 131.17+19.5 mmHg; P<0.001). Such difference
increased to about 3 mmHg after progressive adjustment
(P<0.001; Figure 1; Table 2).
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Table 1. Demographic Characteristics of Treated Hypertensive US Adults Aged >30 y by Periodontal Disease Severity: National Health and Nutrition Examination
Survey 2009 to 2014
Periodontal Disease
Characteristics Strata None Mild Moderate Severe PValue
n 1734 105 1370 417 <0.001*
Age, y; mean (SD) 62.60 (12.94) 57.32 (12.81) 64.17 (11.75) 62.64 (10.53) <0.001
Sex (%) <0.001
Men 691 (39.9) 48 (45.7) 692 (50.5) 260 (62.4) <0.001*
Women 1043 (60.1) 57 (54.3) 678 (49.5) 157 (37.6) <0.001*
Race/ethnicity (%) <0.001
Hispanic Mexican American 122 (7.0) 12 (11.4) 139 (10.1) 76 (18.2) <0.001*
Other Hispanic 133(7.7) 7(6.7) 122 (8.9) 31(7.4) 1*
Non-Hispanic Non-Hispanic white 891 (51.4) 49 (46.7) 554 (40.4) 114 (27.3) <0.001*
Non-Hispanic black 466 (26.9) 31(29.5) 420 (30.7) 158 (37.9) 0.001*
Multiracial 122 (7.0) 6(5.7) 135(9.9) 38(9.1) 0.129*
SBP, mean (SD) 131.17 (19.54) 128.14 (19.19) 133.56 (19.14) 134.35 (21.32) <0.001
DBP, mean (SD) 69.58 (13.88) 72.90 (12.37) 69.67 (14.32) 71.10 (14.73) 0.031
Cholesterol, mean (SD) 187.89 (44.34) 192.59 (41.56) 186.64 (42.22) 186.22 (42.33) 0.503
Triglycerides, mean (SD) 162.81 (106.95) 190.19 (172.88) 170.07 (127.16) 170.50 (134.74) 0.078
HDL, mean (SD) 52.03 (15.93) 50.88 (15.20) 51.19 (15.73) 50.89 (17.51) 0.404
CRP, mean (SD) 0.55 (0.84) 0.61(0.73) 0.46 (0.71) 0.48 (0.62) 0.2
Smoking status (%) 0.001
Smoker: current/former 798 (46.0) 41 (39.0) 700 (51.1) 235 (56.4) <0.001*
Never smoker 936 (54.0) 64 (61.0) 669 (48.8) 182 (43.6) <0.001*
Current or former smoker (%) 0.001
Everyday 216 (27.1) 8(19.5) 188 (26.9) 88 (37.4) 0.017*
Some days 33(4.1) 4(9.8) 24 (3.4) 16 (6.8) 0.149*
Quitted 549 (68.8) 29 (70.7) 488 (69.7) 131 (65.7) 0.002*
Poverty level (%) <0.001
<100% 307 (19.4) 10 (10.5) 241 (19.4) 100 (27.0) 0.003*
100%—-200% 428 (27.0) 24 (25.3) 377 (30.3) 118 (31.8) 0.571*
201%-300% 230 (14.5) 20 (21.1) 221 (17.8) 49 (13.2) 0.126*
301%—-400% 171 (10.8) 13(13.7) 152 (12.2) 33(8.9) 1*
>400% 447 (28.2) 28 (29.5) 254 (20.4) 71(19.9) <0.001*
Education (%) <0.001
<High school 480 (27.7) 18 (17.1) 403 (29.4) 165 (39.6) <0.001*
High school 414 (23.9) 23(21.9) 339 (24.7) 105 (25.2) 1*
>High school 837 (48.3) 64 (61.0) 625 (45.6) 147 (35.3) <0.001*
Age range, Y (%) <0.001
30-44 184 (10.6) 18(7.1) 91 (6.6) 19 (4.6) <0.001*
45-64 718 (41.4) 54 (51.4) 576 (42.0) 231 (55.4) <0.001*
>65 832 (48.0) 33(31.4) 703 (51.3) 167 (40.0) <0.001*
BMI range (%) 0.012
<18.5 (underweight) 16 (0.9) 0(0.0) 10(0.7) 2(0.5) 1*
18.5-24.9 (normal 242 (14.2) 6(5.8) 241 (17.8) 79 (19.1) 0.001*
weight)

(Continued)
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Table 1. Continued
Periodontal Disease
Characteristics Strata None Mild Moderate Severe PValue
25-29.9 (overweight) 571 (33.4) 35 (33.7) 428 (31.6) 132 (31.9) 1*
>30 (obese) 879 (51.5) 63 (60.6) 676 (49.9) 201 (48.6) 0.539*
HbA1c range (%) <0.001
<5.7% 642 (38.7) 31 (30.7) 414(31.6) 125 (31.3) 0.001*
5.7%6.4% 662 (39.9) 46 (45.5) 562 (42.8) 160 (40.1) 0.897*
>6.5% 357 (21.5) 24 (23.8) 336 (25.6) 114 (28.6) 0.02*
Diabetes mellitus diagnosis (%) 0.185
Yes 447 (25.8) 32 (30.5) 415 (30.3) 129 (30.9) 0.061*
No 1208 (69.7) 67 (63.8) 886 (64.7) 271 (65.0) 0.051*
Borderline 78 (4.5) 6(5.7) 69 (5.0) 17 (4.1) 1*
Creatinine, mean (SD) 1.02 (0.57) 0.99 (0.80) 1.04 (0.73) 1.03 (0.59) 0.686
NHANES campaign (%) <0.001
2009-2010 533 (30.7) 81 (77.1) 479 (35.0) 154 (36.9) <0.001*
2011-2012 538 (31.0) 14 (13.3) 444 (32.4) 146 (35.0) 0.001*
20132014 663 (38.2) 10 (9.5) 447 (32.6) 117 (28.1) <0.001*

2 test was used for comparing categorical data and ¢test for the continuous variables. BMI indicates body mass index; CRP, C-reactive protein; DBP, diastolic blood
pressure; HbA1c, glycohemoglobin A1c; HDL, high-density lipoprotein; NHANES, National Health and Nutrition Examination Survey; and SBP, systolic blood pressure.

*Bonferroni corrections.

Periodontal disease was significantly associated with
about 20% higher risk of unsuccessful antihypertensive treat-
ment compared with the absence of the disease, except when
CRP was included in the model (odds ratio, 1.19; 95% CI,
0.91-1.54; P=0.205; Table 3).

Quartiles strata were identified at 1.07, 1.53, 2.01, and
6.03 mm for PD and at 1.02, 1.56, 2.35, and 11.33 mm for
CAL. Significant higher odds of uncontrolled BP were only
observed among patients in the higher quartile of periodontal
scores compared with those in the lower quartile (Table 4).

Subgroup Analysis by Age Group, Race/Ethnicity,
Sex, and Disease Severity in Treated Hypertensive
Patients

Stratified analysis by age groups confirmed a poorer SBP con-
trol across all age ranges in treated hypertensive patients with
periodontitis (ASBP according to model 2: 3044 years of
age: 2.05 mmHg, P<0.0001; 45-64 years of age: 2.30 mm Hg,
P<0.0001; 265 years of age: 2.50 mm Hg, P<0.0001; Table S1
in the online-only Data Supplement).

According to race/ethnicity, non-Hispanic whites had the
best, whereas non-Hispanic blacks had the worst, SBP profile
compared with the other groups independent of periodontal
status (Table S2) and age (data not shown). The analysis
by sex confirmed the statistical difference in terms of mean
achieved SBP in treated hypertensive men and women with or
without periodontitis (Table S3). The analysis by periodontal
disease severity showed that participants with moderate-to-
severe disease had poorer BP control than those with mild di-
sease (Table S4).

The curve of PD—a measure of acute illness—was J
shaped below the age of 45 years, when the highest scores

were recorded; showed a gradual rise with SBP in the age
range of 45 to 64 years; and was flat >65 years of age.
Indeed, the same curve for CAL—a measure of chronic
illness—was J shaped <45 years of age, when the low-
est scores were recorded; showed a steep rise with SBP
in the age range of 45 to 64 years; and had a progressive,
gradual rise with SBP above the age of 65 years (Figure 2A
and 2B).

Among treated Hispanics, the curve of PD showed an
inverted U shape and was set well >1.5 mm of PD, whereas
it was flat below the same value among non-Hispanics
(Figure 2C). The same curve for CAL was less steep and
showed an almost parallel behavior by ethnicity, with
Hispanics showing about 0.2 mm greater CAL than non-
Hispanics (Figure 2D). No difference in serum CRP by per-
iodontal status was observed overall or across subgroups
stratified by race and age ranges (Table S5).

Untreated Hypertensive Participants

Among untreated hypertensive patients (n=460), mean
SBP was 2.8 to 7.6 mm Hg higher in the presence (n=229)
than in the absence (n=231) of periodontitis, depending on
adjustments (Table S6). Interestingly, there was no statis-
tical difference in mean SBP between treated hypertensive
adults with periodontitis and untreated participants without
the disease (P=0.669). When the prevalence of having BP
below or above the BP threshold of 130/80 mmHg was
examined, no difference according to periodontal disease
was recorded in untreated patients (P=0.552), unlike what
was observed among treated patients (P=0.007), where a
greater proportion of participants with periodontitis was
above threshold (Table S7).
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Figure 1. Box plots of systolic blood pressure (SBP) in treated hypertensive
US adults aged >30 y with and without periodontitis: National Health and
Nutrition Examination Survey 2009 to 2014. Data are adjusted by model 2.

Discussion
The results of our analyses on treated hypertensive partici-
pants in NHANES 2009 to 2014 campaigns who had complete
periodontal evaluation show that periodontal disease is sig-
nificantly associated with the worst SBP profile during anti-
hypertensive therapy by about 2.3 to 3 mm Hg and with higher
odds of unsuccessful antihypertensive treatment. This finding
was independent of sex and persisted across age ranges and
racial/ethnic subgroups, especially Hispanics. Interestingly,

Periodontitis and Blood Pressure Control 1369

treated adults with periodontitis achieved a mean SBP that was
similar to that of untreated adults with good oral health. Taken
together, these data suggest that antihypertensive therapy in the
presence of periodontitis might not be as effective as in the
absence of the disease, with an achieved SBP at best equal to,
but not lower than, what was observed in the absence of perio-
dontitis. Moreover, it seems that the severity of periodontal di-
sease affects the odds of treatment failure. The results observed
in the comparison group agree with our hypothesis. In fact,
mean SBP among untreated hypertensives was about 2.8 to 7.6
mm Hg higher in patients with periodontitis. Antihypertensive
treatment reduces this spread, which, however, remains sig-
nificant, suggesting that periodontitis might have detrimental
effects on the efficacy of antihypertensive treatment.

Our findings are consistent with previous data reporting on
the association of periodontitis with raised BP'*** and add in-
formation of interest to the available literature on this topic. In
particular, our results highlight the association of a good oral
health not only with a better BP profile but also with success-
ful antihypertensive treatment. A potential explanation for this
is in the proinflammatory environment that characterizes the
onset and progression of periodontal disease. As widely known,
inflammation represents a cornerstone for the pathogenesis of
cardiovascular diseases. It has been reported that the total sur-
face area of inflammation in the presence of periodontitis can be
estimated to equal the size of the palm of one’s hand.***! Such
a large area of chronic inflammation reasonably dismisses large
amounts of inflammatory mediators into the bloodstream, deter-
mining progressive vascular damage that affects cardiovascular
health.*>* The underlying mechanism is that inflammation can
contribute to endothelial dysfunction, with consequent impaired
vasodilation ultimately leading to alterations in the vascular
structure: in agreement with this, meta-analytic data suggested
a beneficial effect of periodontal treatment on endothelial func-
tion.* Low-grade bacteremia and endotoxemia, accumulation
compounds formed under oxidative stress, as well as cross-reac-
tivity or molecular mimicry between bacterial and self-antigens,
have also been regarded as additional mechanisms potentially
linking periodontal disease to systemic diseases.*** We did not
observe significant differences in CRP by periodontal status;

Table 2. SBP Means (SD) of Treated Hypertensive Patients Stratified by the Presence/Absence of Periodontal Disease Are

Presented for Each Model

Periodontitis No Periodontitis
Models n SBP (SD) SBP (SD) ASBP PValue
Model 1 1834 133.43 (19.7) 1694 131.17 (19.5) 2.26 <0.001
Model 2 1819 133.44 (4.6) 1669 131.08 (4.6) 2.36 <0.001
Model 3 1712 133.40 (5.4) 1558 130.89 (5.5) 2.51 <0.001
Model 4 1563 133.49 (5.6) 1430 131.09 (5.9) 2.40 <0.001
Model 5 592 133.18 (6.2) 130.12 (6.4) 3.06 <0.001

Mean SBP was used as the continuous dependent variable in GAMs. Model 1 is the crude model reporting raw SBP
means according to the presence or absence of periodontitis. The crude model was progressively adjusted adding
independent variables: age range, sex, ethnicity, BMI ranges, and smoking status (model 2); HbA1c ranges, total
cholesterol, HDL cholesterol, triglycerides, and creatinine (model 3); education and poverty level (model 4); and CRP
(model 5). Differences in mean SBP (ASBP) according to periodontal status and relative P values are also shown. BMI
indicates body mass index; CRP, C-reactive protein; GAM, generalized additive model; HbA1c, glycohemoglobin A1c; HDL,

high-density lipoprotein; and SBP, systolic blood pressure.
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Table 3. Association Between Periodontitis and Unsuccessful Antihypertensive
Treatment

Models OR (95% Cl) n PValue
Model 1 1.20 (1.05-1.37) 3512 0.008
Model 2 1.20 (1.04-1.37) 3472 0.011
Model 3 1.21 (1.05-1.39) 3256 0.010
Model 4 1.20 (1.03-1.39) 2981 0.021
Model 5 1.19(0.91-1.54) 1021 0.205

The ORs and relative 95% CI were calculated using logistic GAMs. The
dependent variable was dichotomized to identify treated hypertensive
participants at goal or above goal as defined by 2017 ACC/AHA hypertension
guidelines. ACC indicates American College of Cardiology; AHA, American Heart
Association; GAM, generalized additive model; and OR, odds ratio.

however, chronic periodontitis has a relapsing-remitting be-
havior, with fluctuations in bacterial burden, inflammatory re-
sponse, and tissue destruction,® which may explain our finding.

Our observation that PD scores—a measure of current per-
iodontal inflammation—are more related to SBP in younger
age, whereas CAL scores, which rather express historical per-
iodontitis, have a steeper relationship with SBP at later age,
further supports the concept of a relationship between hyper-
tension and periodontitis mediated by inflammation. In fact,
both clinical scores express a proflogistic environment, which
is in its early, reversible phases in the case of PD and, con-
versely, at advanced, long-lasting stages in the case of CAL.
According to the natural history of periodontitis,”’ CAL is
the result of persistent injury; therefore, it increases with age,
whereas PD may reflect acute inflammatory events of the gin-
giva that may occur since the youth. Thus, it is possible that the
specific pathophysiologic events behind each measure, all cul-
minating in an inflammatory burst, may explain the observed
relationship with increases in SBP at different ages.

The results by race/ethnicity highlight the greater burden
of disease some racial/ethnic groups have to bear.** In fact,
both periodontitis and hypertension seem to particularly

Table 4. ORs for Uncontrolled BP Among Treated Hypertensive Patients in the
Higher Quartile (Q4) of Periodontal Scores (PD and CAL)

Periodontal

Score Quartiles OR (95% Cl) Sample | PValue = Model

PD Q4 1.26 (1.04-1.52) | 3512 0.018 | Model 1
Q4 1.34 (1.10-1.64) | 3472 0.004 | Model 2
Q4 1.35(1.09-1.66) | 3256 0.005 | Model 3
Q4 1.37 (1.10-1.70) | 2981 0.005 | Model 4
Q4 1.45(0.99-2.11) | 1021 0.055 | Model 5

CAL Q4 1.26 (1.04-1.52) | 3512 0.018 | Model 1
Q4 1.26 (1.04-1.54) | 3472 0.021 | Model 2
Q4 1.30 (1.06-1.60) | 3256 0.012 | Model 3
Q4 1.29 (1.04-1.60) | 2981 0.021 | Model 4
Q4 1.26 (0.87-1.83) | 1021 0.212 | Model 5

The ORs of having uncontrolled BP were calculated using the first quartile
(Q1) as reference. No statistical differences were observed for Q2 and Q3
compared with Q1. BP indicates blood pressure; CAL, clinical attachment loss;
OR, odds ratio; and PD, probing depth.

affect blacks and Hispanics.?”?5 The combination of the 2
may translate into a particularly unfavorable clinical setting.
Given the long-term impact of hypertension on cardiovas-
cular risk and the demonstrated benefit over BP of a good oral
health,'"¢ it seems reasonable that periodontal examination
and treatment become part of the therapeutic algorithm in hy-
pertensive patients. Our data suggest that all racial/ethnic sub-
groups, especially Hispanics, might benefit of such approach.
Conversely, ignoring the additional burden of poor perio-
dontal status on BP might translate into a higher cardiovas-
cular risk in the long term. In support of this hypothesis is the
observation of an association between history of periodontitis
and incidence of cerebrovascular disease,” coronary heart di-
sease,’®¥ chronic kidney disease,**¢' and mortality.*!2

The clinical implications of our findings are particularly
interesting when considering that hypertensive individuals fre-
quently need >1 drug to achieve adequate BP values. Besides
costs, this might translate into less compliance to treatment.?*6364
Thus, synergic strategies that contribute to BP control, including
lifestyle measures and complementary therapies, might translate
into potential benefits on the management of the hypertensive
patient. As an example, lowering sodium intake by 100 mmol
was associated with a 3-mmHg decrease in SBP,*®> which is sim-
ilar to our findings, whereas lower sugar intake was observed to
translate into a better BP profile by about 3.8 to 7.6 mmHg.56-%8
Similarly, 2 recent meta-analyses indicated that regular aerobic
and aquatic exercise may significantly decrease SBP by 4.7 and
8.4 mmHg, respectively.®” Thus, together with lifestyle meas-
ures, periodontal therapy may contribute to a certain degree to
BP lowering, potentially limiting the need of additional drugs.

Another consideration must be done with reference to the
long-standing interest of researchers and clinicians for pleio-
tropic effects of medications, particularly for those additional
properties of drugs that seemed to mediate favorable effects
on endothelium and inflammation.”*> In fact, there are con-
flicting results on potential benefits exceeding the simple BP
control with the use of the majority of BP drugs.”®” In this
perspective, periodontal therapy would represent, when ap-
propriate, a nonpharmacological strategy for the reduction of
low-grade systemic inflammation, with related cardiovascular
benefits, thus contributing to traditional medical therapy to the
achievement of a good global health.

This study has several strengths. To the best of our
knowledge, it is the first study examining the magnitude of
difference in achieved SBP by periodontal status in treated hy-
pertensive adults. Although the cross-sectional nature of data
does not allow any deduction of causality or temporal relation-
ship between the analyzed variables, the finding is of interest
for future studies testing the direction of such association.
The multiracial composition of the survey allowed a stratified
analysis based on ethnicity. Both qualitative and quantitative
analyses of periodontitis, based on the most updated definition
of the disease, were performed. In addition, data were tested
with multiple adjustments. However, this study is not without
limitations. First, bleeding on probing—a marker of periodon-
titis activity that was demonstrated to have the best association
with raised BP*—was not assessed in the selected cohorts.
As a consequence, despite several mechanisms are thought
to be implicated in periodontitis-related systemic effects, our
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gb 1éS()BP1(é;?1mLég()) Zi 0 9I0 1éoB P1(ér?1m:-lég) Zi 0 Figure 2. Cubic splines of the relationship

between probing depth (PD)/clinical attachment
loss (CAL) and systolic blood pressure (SBP) by
age ranges (A and B) and ethnicity (C and D).
Data are adjusted for model 2.
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findings might not be generalized to active disease as assessed
by bleeding on probing. Additional information of interest,
that is hypertension drug classes, number and dose of medica-
tions, appropriateness of antihypertensive agents, adherence to
therapy, use of antibiotics, or a history of periodontal treatment,
was not available. Similarly, the impact of different degrees
of oral health awareness or healthcare access, reflecting dis-
parities in socioeconomic status, should be considered when
interpreting the results. The survey excluded institutionalized
patients; therefore, a certain degree of selection bias has to be
considered. Finally, the analysis of costs/benefits related to
periodontal therapy goes beyond the purpose of the present
study and deserves specific evaluation in dedicated trials.

In conclusion, a good periodontal health is associated with a
better SBP profile during antihypertensive therapy by about 2.3
to 3 mmHg and with lower odds of treatment failure. Dedicated
studies are needed to explore the impact of periodontal therapy
on BP in treated hypertensive patients of different racial/ethnic
descent and the long-term effects on cardiovascular outcomes
of such a complementary approach to systemic health.

Perspectives
Observational data from NHANES 2009 to 2014 cohorts indi-
cate that a good periodontal status is associated with a better SBP
profile during antihypertensive therapy by a magnitude of about
2.3-3 mm Hg. Low-grade systemic inflammation that is typical
of periodontitis might explain this finding because it has been
regarded as the mechanism underlying the association of peri-
odontitis with several cardiovascular risk factors and diseases.
However, because a causal relationship cannot be inferred from
observational data, future studies should focus on the direction

of the reported association and the long-term impact of perio-
dontal therapy on cardiovascular risk factors and outcomes in
populations with different racial/ethnic background.

Acknowledgments

The study was conceived and designed by D. Pietropaoli and R.
Del Pinto. D. Pietropaoli and R. Del Pinto performed the statistical
analyses and interpreted the results. R. Del Pinto, E. Ortu, and D.
Pietropaoli wrote the first manuscript draft. A. Monaco, M. Giannoni,
C. Ferri, and J.T. Wright provided guidance during the drafting of the
manuscript. R. Del Pinto and J.T. Wright edited the manuscript. All
the authors read and commented on the manuscript and gave their fi-
nal approval to the submitted version of the manuscript.

Disclosures
None.

References

1. Eke PI, Page RC, Wei L, Thornton-Evans G, Genco RJ. Update of the
case definitions for population-based surveillance of periodontitis. J
Periodontol. 2012;83:1449-1454. doi: 10.1902/jop.2012.110664

2. Noack B, Genco RJ, Trevisan M, Grossi S, Zambon JJ, De Nardin E.
Periodontal infections contribute to elevated systemic C-reactive protein
level. J Periodontol.2001;72:1221-1227. doi: 10.1902/jop.2000.72.9.1221

3. Slade GD, Offenbacher S, Beck JD, Heiss G, Pankow JS. Acute-phase in-
flammatory response to periodontal disease in the US population. J Dent
Res. 2000;79:49-57. doi: 10.1177/00220345000790010701

4. Slade GD, Ghezzi EM, Heiss G, Beck JD, Riche E, Offenbacher S.
Relationship between periodontal disease and C-reactive protein among
adults in the Atherosclerosis Risk in Communities study. Arch Intern Med.
2003;163:1172-1179. doi: 10.1001/archinte.163.10.1172

5. Bretz WA, Weyant RJ, Corby PM, Ren D, Weissfeld L, Kritchevsky SB,
Harris T, Kurella M, Satterfield S, Visser M, Newman AB. Systemic in-
flammatory markers, periodontal diseases, and periodontal infections
in an elderly population. J Am Geriatr Soc. 2005;53:1532-1537. doi:
10.1111/5.1532-5415.2005.53468.x



2202 ‘1 Yyore N uo Aq Bio'sfeuuno feye//:dny wouy papeojumoq

1372

6.

10.

11.

12.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

Hypertension December 2018

Ajwani S, Mattila KJ, Nidrhi TO, Tilvis RS, Ainamo A. Oral health
status, C-reactive protein and mortality—a 10 year follow-up study.
Gerodontology. 2003;20:32—40.

. Libby P, Ridker PM, Maseri A. Inflammation and atherosclerosis.

Circulation. 2002;105:1135-1143.

. Higashi Y, Goto C, Jitsuiki D, Umemura T, Nishioka K, Hidaka T,

Takemoto H, Nakamura S, Soga J, Chayama K, Yoshizumi M, Taguchi A.
Periodontal infection is associated with endothelial dysfunction in healthy
subjects and hypertensive patients. Hypertension. 2008;51:446-453. doi:
10.1161/HYPERTENSIONAHA.107.101535

. Amar S, Gokce N, Morgan S, Loukideli M, Van Dyke TE, Vita JA.

Periodontal disease is associated with brachial artery endothelial dys-
function and systemic inflammation. Arterioscler Thromb Vasc Biol.
2003;23:1245-1249. doi: 10.1161/01.ATV.0000078603.90302.4A
Higashi Y, Goto C, Hidaka T, Soga J, Nakamura S, Fujii Y, Hata T, Idei N,
Fujimura N, Chayama K, Kihara Y, Taguchi A. Oral infection-inflamma-
tory pathway, periodontitis, is a risk factor for endothelial dysfunction in
patients with coronary artery disease. Atherosclerosis. 2009;206:604-610.
doi: 10.1016/j.atherosclerosis.2009.03.037

Martin-Cabezas R, Seelam N, Petit C, Agossa K, Gaertner S, Tenenbaum
H, Davideau JL, Huck O. Association between periodontitis and arte-
rial hypertension: a systematic review and meta-analysis. Am Heart J.
2016;180:98-112. doi: 10.1016/j.ahj.2016.07.018

Holmlund A, Holm G, Lind L. Severity of periodontal disease and number
of remaining teeth are related to the prevalence of myocardial infarc-
tion and hypertension in a study based on 4,254 subjects. J Periodontol.
2006;77:1173-1178. doi: 10.1902/jop.2006.050233

. Beck ID, Elter JR, Heiss G, Couper D, Mauriello SM, Offenbacher

S. Relationship of periodontal disease to carotid artery intima-media
wall thickness: the atherosclerosis risk in communities (ARIC) study.
Arterioscler Thromb Vasc Biol. 2001;21:1816—-1822.

. YuH, Qi LT, Liu LS, Wang XY, Zhang Y, Huo Y, Luan QX. Association of

carotid intima-media thickness and atherosclerotic plaque with periodontal
status. J Dent Res. 2014;93:744-751. doi: 10.1177/0022034514538973
Humphrey LL, FuR, Buckley DI, Freeman M, Helfand M. Periodontal disease
and coronary heart disease incidence: a systematic review and meta-analysis.
J Gen Intern Med. 2008;23:2079-2086. doi: 10.1007/s11606-008-0787-6
Wu T, Trevisan M, Genco RJ, Dorn JP, Falkner KL, Sempos CT.
Periodontal disease and risk of cerebrovascular disease: the first national
health and nutrition examination survey and its follow-up study. Arch
Intern Med. 2000;160:2749-2755.

Lu B, Parker D, Eaton CB. Relationship of periodontal attachment loss
to peripheral vascular disease: an analysis of NHANES 1999-2002 data.
Atherosclerosis. 2008;200:199-205. doi: 10.1016/j.atherosclerosis.
2007.12.037

Holmlund A, Lampa E, Lind L. Oral health and cardiovascular disease
risk in a cohort of periodontitis patients. Atherosclerosis. 2017;262:101—
106. doi: 10.1016/j.atherosclerosis.2017.05.009

. Center for Disease Control and Prevention. Heart Disease and Stroke | At

A Glance Reports | Publications | Chronic Disease Prevention and Health
Promotion | CDC. https://www.cdc.gov/chronicdisease/resources/publi-
cations/aag/heart-disease-stroke.htm. Accessed April 25, 2018.

Mancia G, Fagard R, Narkiewicz K, et al. 2013 ESH/ESC guidelines for
the management of arterial hypertension: the task force for the manage-
ment of arterial hypertension of the European Society of Hypertension
(ESH) and of the European Society of Cardiology (ESC). Eur Heart J.
2013;34:2159-2219. doi: 10.1093/eurheartj/eht151

World Health Organization. Raised Blood Pressure. http://www.who.int/
gho/ncd/risk_factors/blood_pressure_prevalence_text/en/. Accessed April
25,2018.

Mozaffarian D, Benjamin EJ, Go AS, et al; American Heart Association
Statistics Committee and Stroke Statistics Subcommittee. Heart disease and
stroke statistics—2015 update: a report from the American Heart Association.
Circulation. 2015;131:29-322. doi: 10.1161/CIR.0000000000000152
D’Aiuto F, Parkar M, Nibali L, Suvan J, Lessem J, Tonetti MS. Periodontal
infections cause changes in traditional and novel cardiovascular risk fac-
tors: results from a randomized controlled clinical trial. Am Heart J.
2006;151:977-984. doi: 10.1016/j.ahj.2005.06.018

Vidal F, Cordovil I, Figueredo CM, Fischer RG. Non-surgical periodontal
treatment reduces cardiovascular risk in refractory hypertensive patients: a
pilot study. J Clin Periodontol. 2013;40:681-687. doi: 10.1111/jcpe.12110
Ostchega Y, Prineas RJ, Paulose-Ram R, Grim CM, Willard G, Collins D.
National Health and Nutrition Examination Survey 1999-2000: effect of
observer training and protocol standardization on reducing blood pressure
measurement error. J Clin Epidemiol. 2003;56:768-774.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Eke PI, Dye BA, Wei L, Slade GD, Thornton-Evans GO, Borgnakke
WS, Taylor GW, Page RC, Beck JD, Genco RJ. Update on prevalence
of periodontitis in adults in the United States: NHANES 2009 to 2012. J
Periodontol. 2015;86:611-622. doi: 10.1902/jop.2015.140520

Eke PI, Wei L, Thornton-Evans GO, Borrell LN, Borgnakke WS, Dye B,
Genco RJ. Risk indicators for periodontitis in US adults: NHANES 2009 to
2012. J Periodontol. 2016;87:1174-1185. doi: 10.1902/jop.2016.160013
Toannidou E, Hall Y, Swede H, Himmelfarb J. Periodontitis associated
with chronic kidney disease among Mexican Americans. J Public Health
Dent. 2013;73:112-119. doi: 10.1111/j.1752-7325.2012.00350.x

Carson AP, Howard G, Burke GL, Shea S, Levitan EB, Muntner P.
Ethnic differences in hypertension incidence among middle-aged and
older adults: the multi-ethnic study of atherosclerosis. Hypertension.
2011;57:1101-1107. doi: 10.1161/HYPERTENSIONAHA.110.168005
Sanders AE, Campbell SM, Mauriello SM, Beck JD, Jimenez MC,
Kaste LM, Singer RH, Beaver SM, Finlayson TL, Badner VM.
Heterogeneity in periodontitis prevalence in the Hispanic Community
Health Study/Study of Latinos. Ann Epidemiol. 2014;24:455-462. doi:
10.1016/j.annepidem.2014.02.018

. Armstrong RA. When to use the Bonferroni correction. Ophthalmic

Physiol Opt. 2014;34:502-508. doi: 10.1111/0po.12131

Rigby RA, Stasinopoulos DM. Generalized additive models for loca-
tion, scale and shape (with discussion). J R Stat Soc Ser C Appl Stat.
2005;54:507-554.

James G, Witten D, Hastie T, Tibshirani R. An Introduction to Statistical
Learning: With Applications in R. New York, NY: Springer Science &
Business Media; 2013.

Tsakos G, Sabbah W, Hingorani AD, Netuveli G, Donos N, Watt RG,
D’Aiuto F. Is periodontal inflammation associated with raised blood pres-
sure? Evidence from a National US survey. J Hypertens. 2010;28:2386—
2393. doi: 10.1097/HJH.0b013e32833¢0fel.

Whelton PK, Carey RM, Aronow WS, et al. 2017 ACC/AHA/AAPA/
ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA guideline for the pre-
vention, detection, evaluation, and management of high blood pressure in
adults: a report of the American College of Cardiology/American Heart
Association task force on clinical practice guidelines. J Am Coll Cardiol.
2018;71:e127-e248. doi: 10.1016/j.jacc.2017.11.006

Wood SN. Fast stable restricted maximum likelihood and marginal likeli-
hood estimation of semiparametric generalized linear models. J R Stat Soc
Series B Stat Methodol. 2011;73:3-36.

Wood SN, Pya N, Sifken B. Smoothing parameter and model selection for
general smooth models. J Am Stat Assoc. 2016;111:1548-1563.
Greenland S. Dose-response and trend analysis in epidemiology: alterna-
tives to categorical analysis. Epidemiology. 1995;6:356-365.

Tsioufis C, Kasiakogias A, Thomopoulos C, Stefanadis C. Periodontitis
and blood pressure: the concept of dental hypertension. Atherosclerosis.
2011;219:1-9. doi: 10.1016/j.atherosclerosis.2011.04.030.

Mohangi GU, Singh-Rambirich S, Volchansky A. Periodontal disease:
mechanisms of infection and inflammation and possible impact on miscel-
laneous systemic diseases and conditions. SADJ. 2013;68:462, 464-467.
Nesse W, Abbas F, van der Ploeg I, Spijkervet FK, Dijkstra PU, Vissink A.
Periodontal inflamed surface area: quantifying inflammatory burden. J Clin
Periodontol. 2008;35:668—673. doi: 10.1111/j.1600-051X.2008.01249.x
Tonetti MS, D’Aiuto F, Nibali L, Donald A, Storry C, Parkar M, Suvan J,
Hingorani AD, Vallance P, Deanfield J. Treatment of periodontitis and endothe-
lial function. N Engl J Med. 2007;356:911-920. doi: 10.1056/NEJMo0a063186.
D’Aiuto F, Ready D, Tonetti MS. Periodontal disease and C-reactive pro-
tein-associated cardiovascular risk. J Periodontal Res. 2004;39:236-241.
doi: 10.1111/5.1600-0765.2004.00731.x

Orlandi M, Suvan J, Petrie A, Donos N, Masi S, Hingorani A, Deanfield
J, D’Aiuto F. Association between periodontal disease and its treatment,
flow-mediated dilatation and carotid intima-media thickness: a system-
atic review and meta-analysis. Atherosclerosis. 2014;236:39-46. doi:
10.1016/j.atherosclerosis.2014.06.002

Pizzo G, Guiglia R, Lo Russo L, Campisi G. Dentistry and internal medi-
cine: from the focal infection theory to the periodontal medicine concept.
Eur J Intern Med. 2010;21:496-502. doi: 10.1016/j.ejim.2010.07.011
Chhibber-Goel J, Singhal V, Bhowmik D, Vivek R, Parakh N, Bhargava B,
Sharma A. Linkages between oral commensal bacteria and atherosclerotic
plaques in coronary artery disease patients. NPJ Biofilms Microbiomes.
2016;2:7. doi: 10.1038/s41522-016-0009-7

Pietropaoli D, Monaco A, Del Pinto R, Cifone MG, Marzo G, Giannoni
M. Advanced glycation end products: possible link between metabolic
syndrome and periodontal diseases. Int J Immunopathol Pharmacol.
2012;25:9-17. doi: 10.1177/039463201202500102



2202 ‘1 Yyore N uo Aq Bio'sfeuuno feye//:dny wouy papeojumoq

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Pietropaoli et al

Pietropaoli D, Tatone C, D’Alessandro AM, Monaco A. Possible in-
volvement of advanced glycation end products in periodontal dis-
eases. Int J Immunopathol Pharmacol. 2010;23:683-691. doi:
10.1177/039463201002300301

Pietropaoli D, Del Pinto R, Corridoni D, Rodriguez-Palacios A, Di
Stefano G, Monaco A, Weinberg A, Cominelli F. Occurrence of sponta-
neous periodontal disease in the SAMP1/YitFc murine model of crohn di-
sease. J Periodontol. 2014;85:1799-1805. doi: 10.1902/jop.2014.140316
Salminen A, Gursoy UK, Paju S, Hyvirinen K, Mintyld P, Buhlin K,
Kononen E, Nieminen MS, Sorsa T, Sinisalo J, Pussinen PJ. Salivary
biomarkers of bacterial burden, inflammatory response, and tissue de-
struction in periodontitis. J Clin Periodontol. 2014;41:442-450. doi:
10.1111/jcpe.12234

Ramseier CA, Anerud A, Dulac M, Lulic M, Cullinan MP, Seymour GJ,
Faddy MJ, Biirgin W, Schitzle M, Lang NP. Natural history of periodon-
titis: Disease progression and tooth loss over 40 years. J Clin Periodontol.
2017;44:1182-1191. doi: 10.1111/jcpe.12782

Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, 1zzo JL Jr,
Jones DW, Materson BJ, Oparil S, Wright JT Jr, Roccella EJ; Joint National
Committee on Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure. National Heart, Lung, and Blood Institute; National
High Blood Pressure Education Program Coordinating Committee.
Seventh report of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure. Hypertension.
2003;42:1206-1252. doi: 10.1161/01.HYP.0000107251.49515.c2
Cooper R, Rotimi C. Hypertension in blacks. Am J Hypertens. 1997;10(7
pt 1):804-812.

Whelton PK, Einhorn PT, Muntner P, et al; National Heart, Lung, and Blood
Institute Working Group on Research Needs to Improve Hypertension
Treatment and Control in African Americans. Research Needs to improve
hypertension treatment and control in African Americans. Hypertension.
2016;68:1066-1072. doi: 10.1161/HYPERTENSIONAHA.116.07905
Crespo CJ, Loria CM, Burt VL. Hypertension and other cardiovascular
disease risk factors among Mexican Americans, Cuban Americans, and
Puerto Ricans from the Hispanic Health and Nutrition Examination
Survey. Public Health Rep. 1996;111(suppl 2):7-10.

Zhou QB, Xia WH, Ren J, Yu BB, Tong XZ, Chen YB, Chen S, Feng
L, Dai J, Tao J, Yang JY. Effect of intensive periodontal therapy on
blood pressure and endothelial microparticles in patients with prehyper-
tension and periodontitis: a randomized controlled trial. J Periodontol.
2017;88:711-722. doi: 10.1902/jop.2017.160447

Jimenez M, Krall EA, Garcia RI, Vokonas PS, Dietrich T. Periodontitis and
incidence of cerebrovascular disease in men. Ann Neurol. 2009;66:505—
512. doi: 10.1002/ana.21742

Romagna C, Dufour L, Troisgros O, Lorgis L, Richard C, Buffet P, Soulat
G, Casillas JM, Rioufol G, Touzery C, Zeller M, Laurent Y, Cottin Y.
Periodontal disease: a new factor associated with the presence of mul-
tiple complex coronary lesions. J Clin Periodontol. 2012;39:38-44. doi:
10.1111/5.1600-051X.2011.01802.x

Costa TH, de Figueiredo Neto JA, de Oliveira AE, Lopes e Maia Mde F, de
Almeida AL. Association between chronic apical periodontitis and coronary
artery disease. J Endod. 2014;40:164-167. doi: 10.1016/j.joen.2013.10.026
Grubbs V, Vittinghoff E, Beck JD, Kshirsagar AV, Wang W, Griswold ME,
Powe NR, Correa A, Young B. Association between periodontal disease
and kidney function decline in African Americans: the Jackson Heart
Study. J Periodontol. 2015;86:1126-1132. doi: 10.1902/jop.2015.150195
Chen YT, Shih CJ, Ou SM, Hung SC, Lin CH, Tarng DC; Taiwan
Geriatric Kidney Disease (TGKD) Research Group. Periodontal disease

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

Periodontitis and Blood Pressure Control 1373

and risks of kidney function decline and mortality in older people: a
community-based cohort study. Am J Kidney Dis. 2015;66:223-230. doi:
10.1053/j.ajkd.2015.01.010

Ricardo AC, Athavale A, Chen J, Hampole H, Garside D, Marucha P,
Lash JP. Periodontal disease, chronic kidney disease and mortality: results
from the third National Health and Nutrition Examination Survey. BMC
Nephrol. 2015;16:97. doi: 10.1186/s12882-015-0101-x

Gerbino PP, Shoheiber O. Adherence patterns among patients treated with
fixed-dose combination versus separate antihypertensive agents. Am J
Health Syst Pharm. 2007;64:1279-1283. doi: 10.2146/ajhp060434
Vrijens B, Antoniou S, Burnier M, de la Sierra A, Volpe M. Current
situation of medication adherence in hypertension. Front Pharmacol.
2017;8:100. doi: 10.3389/fphar.2017.00100

Elliott P, Stamler J, Nichols R, Dyer AR, Stamler R, Kesteloot H, Marmot
M. Intersalt revisited: further analyses of 24 hour sodium excretion and
blood pressure within and across populations. Intersalt Cooperative
Research Group. BMJ. 1996;312:1249-1253.

Raben A, Vasilaras TH, Mgller AC, Astrup A. Sucrose compared with ar-
tificial sweeteners: different effects on ad libitum food intake and body
weight after 10 wk of supplementation in overweight subjects. Am J Clin
Nutr. 2002;76:721-729. doi: 10.1093/ajcn/76.4.721

Te Morenga LA, Howatson AJ, Jones RM, Mann J. Dietary sugars and
cardiometabolic risk: systematic review and meta-analyses of randomized
controlled trials of the effects on blood pressure and lipids. Am J Clin
Nutr. 2014;100:65-79. doi: 10.3945/ajcn.113.081521

DiNicolantonio JJ, Lucan SC. The wrong white crystals: not salt but sugar
as aetiological in hypertension and cardiometabolic disease. Open Heart.
2014;1:¢000167. doi: 10.1136/0openhrt-2014-000167

IgarashiY, Akazawa N, Maeda S. Regular aerobic exercise and blood pres-
sure in East Asians: a meta-analysis of randomized controlled trials. Clin
Exp Hypertens. 2018;40:378-389. doi: 10.1080/10641963.2017.1384483
Igarashi Y, Nogami Y. The effect of regular aquatic exercise on blood pres-
sure: a meta-analysis of randomized controlled trials. Eur J Prev Cardiol.
2018;25:190-199. doi: 10.1177/2047487317731164

Steven S, Miinzel T, Daiber A. Exploiting the pleiotropic antioxidant
effects of established drugs in cardiovascular disease. Int J Mol Sci.
2015;16:18185-18223. doi: 10.3390/ijms160818185

Preston Mason R. Pleiotropic effects of calcium channel blockers. Curr
Hypertens Rep. 2012;14:293-303. doi: 10.1007/s11906-012-0269-4
Coats A, Jain S. Protective effects of nebivolol from oxidative stress to
prevent hypertension-related target organ damage. J Hum Hypertens.
2017;31:376-381. doi: 10.1038/jhh.2017.8

Jankowski P, Safar ME, Benetos A. Pleiotropic effects of drugs inhib-
iting the renin-angiotensin-aldosterone system. Curr Pharm Des.
2009;15:571-584.

Desideri G, Grassi D, Croce G, Bocale R, Tiberti S, Evangelista S,
Necozione S, Di Orio F, Ferri C. Different effects of angiotensin convert-
ing enzyme inhibitors on endothelin-1 and nitric oxide balance in human
vascular endothelial cells: evidence of an oxidant-sensitive pathway.
Mediators Inflamm. 2008;2008:305087. doi: 10.1155/2008/305087

Sica D. Are there pleiotropic effects of antihypertensive medications
or is it all about the blood pressure in the patient with diabetes and hy-
pertension? J Clin Hypertens (Greenwich). 2011;13:301-304. doi:
10.1111/5.1751-7176.2011.00450.x

Staessen JA, Thijs L, Li Y, Kuznetsova T, Richart T, Wang J, Birkenhéger
‘WH. ‘Beyond blood pressure’ means multiple risk factor intervention, not
pleiotropic antihypertensive drugs. Curr Opin Cardiol. 2007;22:335-343.
doi: 10.1097/HCO.0b013e3281eb8e8d

Novelty and Significance

What Is New?

Data on the impact of periodontitis on blood pressure control in treated
hypertensive adults are lacking.

A good periodontal health is associated with a better systolic blood pres-
sure profile during antihypertensive therapy by a magnitude of about 2.3
to 3 mmHg.

What Is Relevant?

Low-grade systemic inflammation typical of periodontitis mediates its
association with several cardiovascular risk factors and diseases.

e Dedicated studies are needed to test the impact of periodontal therapy as

Poor periodontal health is associated with the worst systolic blood
pressure profile and unsuccessful antihypertensive treatment. Fu-
ture studies should focus on the direction of this association and
the long-term impact of periodontal therapy on cardiovascular out-
comes.

a complementary approach to systemic health.

Summary






