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ABSTRACT

Background: Periodontal infection could induce systemic vascular/endothelial dysfunction
signifying a potential link between hypertension and periodontitis.

Methods: Convenience sample of 204 adults attending a university teaching hospital without
(C: control) or with essential hypertension [EH; n = 102, duration (mean = SD) 11.4 + 6.9
years] were surveyed in this cross-sectional study. Patients with concomitant systemic
conditions were excluded. Dental history, oral hygiene habits, and blood pressure were
recorded. Plaque score (P1%), bleeding on probing (BOP%), probing pocket depth (PPD) and
probing attachment level (PAL) were noted and periodontitis severity was determined
according to AAP/CDC case definition guidelines.

Results: Both groups exhibited poor oral hygiene. EH group had higher mean full-mouth
PAL/PPD (3.16/2.73 vs 2.51/2.40, P < 0.001). 51.0%/30.4% of the EH/C participants had
severe periodontitis (P < 0.001). Regression analysis indicated systolic blood pressure, age,
smoking and BOP% were associated with more severe periodontitis (r>=0.207, P < 0.05) while
BOP%, PAL and fewer missing teeth were associated with worse mean PPD (r>= 0.612, P <
0.05).

Conclusions: Within the limitations of this study, majority of the hospital attendees surveyed
exhibited poor plaque control, while periodontitis severity was found to be associated with EH,
and smoking.

(Word count: 199)

Keywords: age factors; essential hypertension; periodontal disease; risk assessment; smoking

Abbreviations and acronyms: AAP = American Academy of Periodontology; AHA =

American Heart Association; BOP = bleeding on probing; BP = blood pressure; CDC = Centers
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for Disease Control and Prevention; CEJ = cementoenamel junction; CPI = Community
Periodontal Index; CPITN = Community Periodontal Index of Treatment Needs; CVD =
cardiovascular disease; DBP = diastolic BP; DM = diabetes mellitus; EH = essential
hypertension; FGM = free gingival margin; GR = gingival recession; KNHANES = Korean
National Health and Nutrition Examination Surveys; PAL = probing attachment level; Pl =
plaque; PPD = probing pocket depth; RR = relative risk; SBP = systolic BP; STROBES =

Strengthening the Reporting of Observational Studies in Epidemiology
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INTRODUCTION

Hypertension is defined as a persistently elevated blood pressure (BP) beyond an arbitrarily set
normal level.! The primary cause of hypertension is physical inactivity.> After aerobic or
progressive resistance exercise regimes, reduced systolic BP (SBP) and diastolic BP (DBP) in
human adults could be observed® proposed to be mediated by renin-angiotensin system and
sympathetic nervous system modulation.* Hypertension is considered one of the major
modifiable risk factors for cardiovascular disease (CVD) such as coronary heart disease and
congestive heart failure, peripheral (thrombotic, embolic, aneurismal, or haemorrhagic)
vascular disease, stroke and renal failure,’ with relative risk (RR) for myocardial infarction,
stroke, and cardiovascular death at 1.78 - 2.19.%7 Together with borderline isolated systolic
hypertension, hypertension is also associated with significantly increased risk for all-cause
mortality: 41% for hypertension, 22% for isolated systolic hypertension.® Centers for Disease
Control and Prevention (CDC) reported diseases of the heart, CVD, and essential hypertension
(EH) as among the top ten leading causes of death in 2016 for Asian and non-Hispanic
individuals in the United States of America.?

In Hong Kong, more than one-tenth of the adult population has hypertension.” The
prevalence rate was said to be between 17 to 23% in 2000-2004.1° Globally, a quarter of the
adult population (over 1 billion) suffers from hypertension the same as for Australians.!!
Hypertension worldwide prevalence in adults has been predicted to increase to 29% by 2025.12
In general, the prevalence rate increases with age.!3 Despite the large number of diagnosed
cases of hypertension, only a proportion of these receive treatment; and only less than 10% of
men and 7% of women achieved controlled blood pressure in the normal range (<120/80
mmHg) through anti-hypertensive treatment. The 36% men and 30% women who achieved
systolic BP (SBP) of 120-139 mmHg and diastolic BP (DBP) of 80-89 mmHg through anti-

hypertensive treatment, considered as controlled before 2017, are now considered as having
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elevated BP or stage 1 hypertension.!%!1415

Periodontitis is a complex human disease having plaque as its causative agent, however
periodontal infection is modifiable by a multitude of factors: smoking, age, gender, stress,
diabetes mellitus (DM), while also being linked to hypertension, cardiovascular disease,!®
osteoporosis,'” and dyslipidemia.'® Systemic spillage of inflammatory mediators from chronic
periodontitis is postulated to jeopardise BP control and hence impair cardiovascular health,!”
and periodontitis and hypertension share common risk factors: age, smoking, stress and low
socio-economic status.?%-2!

Various studies over past few decades suggested that hypertension may be associated with
periodontitis.?->2-2° Patients with hypertension or higher SBP were found to have significantly
higher Community Periodontal Index of Treatment Needs (CPITN) scores,>* more gingival
bleeding,” and fewer remaining teeth.?6 A 10% increase in bleeding on probing (BOP) was
found to increase the average SBP by 0.5 mmHg thereby suggesting that BOP may associate
with increasing odds of hypertension in US adult population.?’ Microbiologically, patients with
high levels of putative periodontopathogens such as Aggregatibacter Actinomycetemcomitans,
Porphyromonas gingivalis, Tanerella forsythia or Treponema denticola, were found to have
increased SBP by 9 mmHg, and DBP by 5 mmHg with an odds ratio of 3.13 for hypertension.?®
A study on spontaneously hypertensive male rats showed an increased amount of attachment
and bone loss compared to normotensive rats after ligature-induced periodontitis3? indicating
that such a negative association between systemic and oral health perhaps might be biologically
plausible.

Pathophysiological evidence linking hypertension and periodontitis remained limited until
recently when Czesnikiewicz-Guzik and colleagues®! suggested interactions between
periodontal infection and vascular/endothelial dysfunction, which perhaps is potentiated via

nitric oxide, superoxide, reactive oxygen species and adverse effects on T-helper cells
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function.3? In light of the above we undertook a cross-sectional study aimed at characterising
periodontal conditions of Hong Kong adult university hospital attendees who either had or who
had not EH, conforming to the EH categorisations given in the 2017 revised guidelines for the
prevention, detection, evaluation, and management of high BP in adults.'* Factors associated
with periodontal health were studied. We hypothesized that Chinese adults with EH would

have poorer periodontal status.

METHODS
Study design

The study design was a convenient sample, cross-sectional study carried out according to the

STROBES (Strengthening the Reporting of Observational Studies in Epidemiology) guidelines.

Research ethics approval and consent

This study was approved by the Institutional Review Board of The University of Hong Kong
(UW 09-203). All subjects were given verbal explanation regarding the investigation upon first
contact. One week later, written informed consent was obtained from all those who agreed to

participate. Personal identifiers were removed from all collected data.

Study participants

A total of 1,240 patient records were manually screened from November 2010 to July 2011 to
identify patients with EH prior to commencement of each consultation session at the
Hypertension Clinic of the university teaching hospital over a nine-month period. Patients were
excluded if they had concomitant medical conditions or history of CVD - including stroke,

coronary artery disease, valvular heart diseases, cardiomyopathy, heart failure and cardiac
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arrhythmias - neoplasia, or DM. Patients who had taken antibiotics, anti-inflammatory or
immunosuppressant agents within the previous three months or who had undergone periodontal
treatment in the previous six months were also excluded from the study. A total of 476 patients
satisfied the above criteria and were invited by co-author CWSC to take part and 102 consented
to join (EH group). The recruitment of control participants soon followed targeting age-
matched hospital attendees who were free from EH and any of the medical conditions, drug
history or dental treatment history mentioned above. These control subjects were patients
attending the Department of Orthopedics and Traumatology between the months of April-July
2011 and were invited to join by co-authors CHB and DS.

The sample size was determined according to an earlier study of this group or with
reference to previously published survey similar to the present study.?*33 Briefly, at least 100

participants each in case and control groups were needed.

BP Measurement

SBP, and DBP readings were measured twice with a 10-minute interval from the supported left
arm of the rested and seated patient (first measurement after >10 min of rest) using Omron
Automatic Blood Pressure Monitor (Model HEM-7200) (Omron Healthcare Co. Ltd., Kyoto,
Japan) with an appropriately-sized arm cuff (22-32 cm or 32-42 cm sized cuff) prior to and
after the research team-administered questionnaire had been completed. This was done in
accordance with the guidelines set by the American Heart Association (AHA).! Mean SBP and

DBP were the average of the two separate measurements recorded.?*

Questionnaire
Prior to oral examination, dental history was recorded using a questionnaire tool, including

history of dental visits, periodontal treatment, tooth loss, oral hygiene habits and smoking
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history.

Periodontal examination

Periodontal examination was carried out by calibrated examiners JJNC and YZ at the
Periodontology Clinic, Faculty of Dentistry, the University of Hong Kong. Examination was
repeated in every tenth participant to assess inter-examiner reliability.

Clinical parameters were recorded at six sites per tooth (mesio-buccal, mid-buccal, disto-
buccal, mesio-lingual, mid-lingual and disto-lingual) excluding third molars, using a
periodontal probe (PCP-UNC 15, HuFriedy Manufacturing Co., Chicago, IL, USA). The
presence or absence of supragingival plaque (Pl) was recorded. Probing pocket depth (PPD)
was measured from the free gingival margin (FGM) to the base of the probing sulcus or pocket.
Gingival recession (GR) was measured from the cementoenamel junction (CEJ) to the FGM
and was recorded as an integer: positive value if FGM was apical to the CEJ, a negative value
if it was coronal to it. Probing attachment level (PAL) was calculated by adding PPD and GR.3>
BOP was recorded as positive if bleeding occurred within 10-15 seconds after probing. The
BOP% (percentage of sites with BOP) was calculated for each patient. Presence and absence
of furcation involvement, mobility and the number of missing teeth (except third molars) were

also recorded.

Data analysis

The data collected were entered into a computer using Microsoft Office Excel software. Each
entry was cross-checked, then analysed using the statistical software package IBM SPSS
Statistics v25 (IBM headquarters, New York United States). Participants were classified into
five BP categories (Table S1) based on SBP and DBP recorded on the day of examination.!#

For BP control, EH participants were defined as having optimal control if SBP < 130 mmHg
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and DBP < 80 mmHg.'4

To assess gum health or severity of periodontal disease, the periodontitis case definition
guideline set by the working group appointed by the American Academy of Periodontology
(AAP) and the CDC for population-based studies was adopted.3® Participants were classified
into four categories (Table S2) based on PAL and PPD and the number of interproximal sites
affected.3®

The outcome variables (continuous variables) were tested for normality of distribution
prior to further statistical analysis. Standard descriptive statistics (frequency, mean, standard
deviation) were used to describe the patients’ demographic characteristics, pattern of dental
visits, oral hygiene practices, smoking history, BP readings, and oral health status. The mean
values of the clinical parameters (PPD, PAL, BOP% and P1%) were calculated for each
participant. Chi-square test was used to compare the proportions of participants belonging to
various independent variable subcategories between EH or control group. Univariate analysis
using 2-sample t-test was used to compare means between two groups. Linear regression
analyses were used to determine the factors that could explain the increased risk of having
severe periodontal disease, PPD, PAL, higher SBP, higher DBP and missing teeth. The level

of statistical significance was set at 0.05.

RESULTS

Participants’ characteristics

A total of 102 EH (55 females, 52.4 &+ 10.8 years-old) and 102 controls (56 females, 52.4 +
10.2 years-old) participated in the study. Their smoking and tooth brushing habits are presented
in Table 1. Less than 20% participants were current smokers. Majority of the participants

reported twice-daily tooth brushing, but control participants self-reported better interdental
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cleaning habits. Despite the majority of both groups reporting non-ideal dental attendance (>1
year), the reported dental attendance behaviour of the control group participants showed more

of these to have greater time elapsed since the most recent dental visit (Table 1).

Medical history
According to their medical records, the EH participants were diagnosed to have suffered from
the condition for 11.4 + 6.9 years (range: 1 - 31 years). 78.3% had EH for >5 years and 79.2%
had a family history of hypertension. More than two-thirds of the EH participants (68.9%) were
taking a combination of drugs daily. The most common medications being taken by the EH
group were calcium channel blockers (64.7%), beta-blockers (47.1%), angiotensin-converting
enzyme inhibitors (42.2%), diuretics (18.6%), angiotensin II receptor antagonists (10.8%),
statins (8.8%), and alpha-blockers (6.9%) making a total of 2.0%/28.4%/40.2%/27.5%/2.0%
taking 0/1/2/3/4 kinds of medications. Despite this, only 4% or 9% of treated EH participants
could achieve normal or elevated BP, respectively. Thirty-two percent of control participants
had an elevated BP on the day of examination (Table 1).

Concerning the 66 EH participants who received calcium channel blocker, one was
diagnosed with drug-induced gingival enlargement. The remaining EH patients and all control

group participants had no clinical gingival enlargement detectable at examination.

Dental/periodontal conditions

The dental and periodontal status of the EH and control participants were as shown in Table 1.
Results from duplicate examinations on 20 participants showed that inter-examiner reliability
on periodontal status (PPD in mm or PAL in mm) were almost perfect or substantial (weighted

Kappa = 0.82 or 0.79, respectively).

10
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Percentage of BOP and missing teeth count were not significantly different between EH
and control groups (Table 1). EH group, despite a lower mean full mouth plaque of 59%,
showed higher full mouth mean PPD and PAL, with more subjects displaying moderate or

severe periodontitis categories (Table 1).

Associations between study parameters
The potential associations between various parameters collected/recorded were investigated

and are summarized in the Supplementary Information section.

Regression analyses
Linear regression analyses identified factors that might associate with AAP/CDC periodontal
disease definition (Table 2).3¢ More severe forms of periodontitis appeared to be associated
with SBP, age, smoking, higher BOP%, and lower P1% (Table 2). When hypertension case
definition was used instead of S/DBP measurements in the regression analysis, more severe
periodontitis category appeared to be associated with BP category, age and BOP% (12 = 0.184).

Full-mouth mean PPD appeared to be associated with BOP%, full-mouth mean PAL and
fewer missing teeth (Table 3), similarly observed when hypertension case definition instead of
S/DBP was used in the regression analysis. In addition to the three independent variables, P1%
appeared also associated with increased full-mouth PPD (r?> = 0.620). Full-mouth mean PAL
appeared to be associated with SBP, age, smoking, mean full-mouth PPD, missing teeth and
lower P1% (Table 4). With hypertension category replacing SBP/DBP as the independent
variable, similar significant association, including the BP category, were observed in relation
to full-mouth mean PAL (12 = 0.720).

Number of missing teeth was associated with age, P1%, mean PAL, lower DBP and less

mean PPD (Table 5). Hypertension category as an independent variable, even for less severe

11
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BP categories was similarly significantly associated with missing teeth (r> = 0.405).

DISCUSSION
This study conveniently sampled participants who attended the Hypertension Clinic at a
university teaching hospital. This Specialty Clinic attends to referral cases mostly from private
medical practitioners or from other hospitals or clinics under the Hospital Authority or the
Department of Health of the Hong Kong Special Administrative Region Government.
Predominantly, the referred EH cases were patients with uncontrollable BP or with
hypertension of unknown cause. The current report is unique in the sense that EH patients —
non-secondary hypertension patients without any concurrent organ or organ-system problems —
only were recruited. Despite the regular check-ups (2-3 times per year) by medical specialists,
the majority (87.3%) of the EH participants followed in this study had suboptimal BP control
(Table 1), which is in line with previous reports.!0:14

The participants in this study had poor oral hygiene (mean Pl1% >59%), with a
considerable proportion having moderate or severe periodontitis (EH, 97%), a prevalence much
higher than a cohort of Australian Cardiovascular Unit attendees (21%).3” A report analysing
results from the 2008-2010 Korean National Health and Nutrition Examination Surveys
(KNHANES) showed that individuals reporting higher frequency of tooth brushing or using
more secondary oral care products had lower SBP and hypertension prevalence even adjusting
for periodontitis experience.’® The Korean findings reflect direct or indirect positive impact of
good oral health practices upon BP. In the current EH cohort, self-reported poor usage of
floss/interdental brush was found to be associated with more severe AAP/CDC periodontitis

case (Supplementary Information).

12
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Using the AAP/CDC periodontitis case definition, the present study showed that half
(51.0%) and almost a third (30.4%) of EH patients and controls, respectively, had severe
periodontitis (Table 1), similar to attendees for episodic diseases with mild symptoms at
another general hospital in Hong Kong.3?

EH group despite having ‘lower’ P1%, exhibited higher mean PPD, mean PAL, and
periodontitis defined according to AAP/CDC (Table 1), which substantiates the current
research hypothesis. The regression analysis indicated severe periodontitis to be significantly
associated with smoking, age, BOP%, lower P1% and SBP confirms the impact of EH on poor
periodontal health (Table 2). The association of EH or SBP and periodontal disease experience
is in line with the findings from recent meta-analyses3>3° which included retrospective
population data analysis,?>4%4! and cross-sectional studies.?6?7 Other independent variables
significantly associated with periodontitis in the current study: smoking, older age and higher
full-mouth BOP%, are well established periodontal risks.?>4?

High full-mouth mean PPD was observed associated with higher BOP%, higher mean full
mouth PAL and fewer missing teeth (Table 3). The relationship between BOP%, increased
PPD and PAL is well established.*> A Swedish study surveyed 282 (141 with hypertension,
defined as diastolic pressure >90 mmHg) out of 1,239 attendees to a dental clinic for annual
check-up, and reported percentage PPD > Smm to be higher in individuals with hypertension
after adjustment for sex, age, smoking and number of teeth.**

Full-mouth mean PAL was identified to be associated with SBP, age, smoking, lower P1%,
higher mean PPD and more missing teeth (Table 4). The relation between attachment loss, age
and smoking is well established®* while the present investigation highlights an association
between SBP and attachment loss, being among the first reports regarding full-mouth mean
PAL and its correlation with BP, oral hygiene habits and other oral findings.

More missing teeth among the current study participants was associated with age, P1%,

13
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mean PAL, lower mean PPD as well as lower DBP (Table 5). The relationship between number
of standing/missing teeth and hypertension remains unclear. In a group of 98 postmenopausal
Japanese women, DBP was associated with tooth loss.*® A German population-based study (n
=4,185), showed an inverse association between number of teeth and SBP in men but not in
women.*” In 3,552 hypertension and/or myocardial infarction cases and 902 controls, the
number of standing teeth among the Swedish surveyed was not associated with hypertension.
An urban population-based study at Florianopolis, Brazil, studied 1,720 20-59 years-old
individuals, 56% females, for tooth loss, socioeconomic, habits and BP.*® Increased SBP was
associated with edentulism but not in the other categories of tooth loss. A retrospective
population based analysis of the KNHANES data indicated missing teeth might be
independently associated with hypertension.# A recent Shanghai, China population-based
study (n = 3,677) reported >15 teeth lost was associated with severe hypertension.>® Poor self-
reported oral hygiene practise and age have been shown to be associated with tooth loss in
treated periodontitis patients responsible for own supportive periodontal care arrangements>!
in Hong Kong, and individuals with high periodontal disease susceptibility/PAL had greater
tooth loss.?

Several other studies proposed association between periodontitis, tooth loss and
hypertension, or sequelae of hypertension, but many were sub-analyses of the data collected.
26,28,29.53 For example, the Harvard School Health Professionals Follow-up Study** indicated
that loss of >18 teeth associated with increased risk (RR = 1.67) of coronary heart disease,
primarily among those with history of periodontitis.>>

Many of the reports available to date on hypertension and periodontitis used the
Community Periodontal Index (CPI) or an earlier version,?'?42740 number of periodontal
pockets > 5mm,* or periodontal severity index?®3? as outcome measures for assessing

periodontal disease. Others also used probing depths,>32° subgingival plaque samples,?®

14
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gingival bleeding,?’ radiographic bone loss and/or CAL and tooth loss.?6-46-48:33 L_imited studies,
such as the present one, are available examining the full-mouth periodontal condition of
patients with EH. Unless inflation factors were adjusted, partial periodontal recording, e.g. the
CPI approach, could potentially induce bias of the parameters measured.>® Caution therefore,
should be exercised in interpreting reports reporting partial periodontal data.

Optimal adult BP level was set by American College of Cardiology/AHA'# (Table 1)
based on the fact that increased CVD risk could be observed beyond such limits. The relative
CVD risk may start to increase beyond BP as low as 115/75 mm Hg and this level of BP may
begin to cause benign organ injury.’’8 If BP could successfully be controlled e.g. via exercise,
medication(s) or a combination, a 5 mmHg SBP reduction was estimated to lead to 14%, 9%,
or 7% overall reduction in mortality rate due to stroke, coronary heart disease or all-cause.>-0

Czesnikiewicz-Guzik and coworkers®! reported that intensive periodontal treatment -
consisting of one stage full-mouth debridement plus 0.2% chlorhexidine gel application - for
genetically susceptible hypertensive patients with moderate/severe periodontitis, improved
S/DBP and endothelial function, highlighting the importance of appreciating a relationship
between hypertension and periodontitis as shown in the present study, and raising the prospect
that proper management of the periodontal disease could confer appropriate systemic health
benefits. A 6-month clinical trial reported endothelial function improvement alongside better
periodontal health after one stage full-mouth debridement plus local delivery of minocycline
microspheres in severe periodontitis patients who had BP of approx.125/80 mmHg.5!

Periodontal disease and EH are relatively silent entities with potentially profound harmful
effects to humans especially if left untreated.®> The detriment brought by the diseases, in
isolation or combined, on an affected individual cannot be ignored. Hypertension is an
important risk factor for CVD, one of the leading causes of mortality among adults. EH,

although relatively rare among young adults before 20-25 years, may commence as a benign
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condition, and could gradually cause target-organ damage over period of 10-20 years.®3
Insufficient attention to gum health and periodontal disease prevention and commencing
smoking at or before 30-years of age might allow periodontitis initiation and progression.®*
Prevention of EH, a chronic systemic condition, and periodontitis could and should be
administered via a collaborative common risk factor approach.5’

This study indicates that the hospital EH attendees surveyed had more severe periodontal
disease status than non-EH surgical clinic attendees, despite both groups having poor oral
health and overt gum inflammation. The study was conducted applying recognized case
definition for periodontitis and hypertension as recommended by Aguilera and coworkers.??
A later community-based study in Hong Kong with participants of similar age range, found a
high prevalence of hypertension at 48%.° Obviously oral health care providers should be
aware of the prevalence of hypertension in populations they serve.

The convenient sampling method adopted in this study and the sample size suggest that
the results observed may be not truly representative for Hong Kong or any other population,
however, this study was conducted among one of the referring centres for hypertension in Hong
Kong, and the research team was therefore able to select EH participants without confounding
diseases and to match medical healthy hospital attendees as controls. Within the limitations of
this study, smoking, higher BOP% and EH status were shown to be associated with periodontal

disease among the participants.

CONCLUSION
The present cross-section study showed that those attending a university teaching hospital in
Hong Kong exhibited in general poor plaque control, while those with EH had poorer

periodontal conditions. Future studies involving large scale, prospective designs and

16
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intervention studies are indicated to further investigate the relationships between oral health
and the health of the circulatory system. Nonetheless, physicians in public health care settings
and dentists should pay attention to preventing periodontitis, and recognize the importance of

promoting, establishing and maintaining periodontal health in patients with EH.
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Table 1. Habits, dental attendance, blood pressure and periodontal status of the participants

Australian Dental Journal

Hypertension
Case Control
(n=102) (n=102) Test Statistics  P-value
Smoking habit Non-smoker 84 (82.4) 85 (83.3) x> 0.034 0.853
Smoker 18 (17.6) 17 (16.7)
Tooth brushing habit 1x/day 17 (16.7) 18 (17.6) e 0.171 0.918
2x/day 81 (79.4) 81 (79.4)
>3x/day 4 (3.9 3 (29
Use of floss/interdental brush Daily 18 (17.6) 31 (30.4) N 9.374 0.009
Occasionally 29 (28.4) 37 (36.3)
Never 55 (53.9) 34 (33.3)
Last dental visit <1 year 45 (44.1) 53 (52.0) N 18.055 <0.001
>] year <3 years 25 (24.5) 4 (3.9
>3 years/never 32 (31.4) 45 (44.1)
Systolic BP (mean + SD) 142.08 +16.34 11224 +7.96 t -16.579  <0.001
Diastolic BP (mean + SD) 85.48 +8.96 68.47 +6.45 t -15.560 <0.001
n (%) n (%)
BP category® Normal# 4 (3.9 69 (67.6) a 160.59 < 0.001
Elevated* 9 (8.8) 33 (324)
Stage 1 26 (25.5) 0 (0.0)
Stage 2 61 (59.8) 0 (0.0)
Hypertensive crisis 2 (2.0 0 (0.0
P1%% (mean = SD) 59.45 +21.46 77.42 +15.07 t 6.922 <0.001
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BOP% (mean + SD) 58.56 =+18.72 53.69 +20.12 t -1.787 0.075
Missing teeth (mean + SD) 295 +£3.06 3.85 £4.09 t 1.785 0.076
Mean PPD (mean + SD) 273 £0.73 2.40 +0.52 t -3.731  <0.001
Mean PAL (mean + SD) 3.16 £0.94 251 +£1.01 t -4.756  <0.001
n (%) n (%)
Periodontitis case definition® No 3 (29 23 (22.5) 1> 2698 <0.001
Mild 0 (0.0) 6 (5.9
Moderate 47 (46.1) 42 (41.2)
Severe 52 (51.0) 31 (30.4)

BOP: bleeding on probing; BP: blood pressure in mm Hg; PAL: probing attachment level; PPD: probing pocket depth; SD: standard deviation
"BP (mmHg) categories: Normal: BP <119/<79; Elevated: BP = 120-129/< 80; Stage 1: SBP = 130-139 or DBP = 80-89; Stage 2: SBP = 140-

180 or DBP = 90-119; Hypertension crisis: SBP >180 and/or DBP >120 (Table S1).

IBP (mmHg) control: Optimal: BP <130/< 80 for EH'4

$No: No evidence of mild, moderate, or severe periodontitis; Mild periodontitis: >2 interproximal sites with AL >3 mm, and >2 interproximal
sites with PD >4 mm (not on same tooth) or one site with PD >5 mm; Moderate periodontitis: >2 interproximal sites with AL >4 mm (not on
same tooth), or >2 interproximal sites with PD >5 mm (not on same tooth); Severe periodontitis: >2 interproximal sites with AL >6 mm (not on

same tooth) and >1 interproximal site with PD >5 mm (Table

$2).36
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Table 2. Regression analysis of variables associated with periodontitis case definition'

Unadjusted Adjusted

Variables Coefficient P-value 95% CI Coefficient P-value 95% CI
(Constant) 0.149 0.841 -1.312 1.609 -0.008 0.990 -1.222 1.206
Systolic BP 0.009 0.071 -0.001 0.019 0.008 0.028 0.001 0.014
Diastolic BP -0.003 0.748 -0.020 0.014

Age 0.011 0.089 -0.002 0.024 0.015 0.013 0.003 0.027
Sex 0.052 0.689 -0.205 0.309

Smoking 0.364 0.041 0.014 0.715 0.378 0.026 0.046 0.710
User of floss/interdental brush -0.054 0.522 -0.220 0.112

Last dental visit 0.036 0.621 -0.107 0.178

P1% -0.009 0.010 -0.016 -0.002 -0.009 0.011 -0.016 -0.002
BOP% 0.016 0.000 0.009 0.023 0.016 0.000 0.009 0.023
Missing teeth 0.018 0.346 -0.020 0.056

r? (0.207) was computed using stepwise linear regression with variables that were significant (P < 0.05).
TRefer to Table S2 for details; no or mild periodontitis categories were collapsed into one group.
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Table 3. Regression analysis of variables associated with full-mouth mean probing pocket depth

Unadjusted Adjusted

Variables Coefficient P-value 95% CI Coefficient P-value 95% CI
(Constant) 0.898 0.010 0.218 1.578 0.943 0.000 0.746 1.141
Systolic BP -0.002 0.515 -0.006 0.003

Diastolic BP 0.002 0.713 -0.007 0.010

Age -0.002 0.553 -0.008 0.004

Sex -0.033 0.590 -0.152 0.087

Smoking -0.108 0.194 -0.272 0.055

User of floss/interdental brush 0.055 0.160 -0.022 0.132

Last dental visit -0.019 0.582 -0.085 0.048

P1% 0.003 0.060 0.000 0.007

BOP% 0.007 0.000 0.003 0.011 0.009 0.000 0.006 0.012
Mean PAL 0.490 0.000 0411 0.569 0.454 0.000 0.386 0.522
Missing teeth -0.047 0.000 -0.067 -0.028 -0.047 0.000 -0.065 -0.029

12 (0.612) was computed using stepwise linear regression with variables that were significant (P < 0.05).
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Table 4. Regression analysis of variables associated with full-mouth mean probing attachment level

Unadjusted Adjusted

Variables Coefficient P-value 95% CI Coefficient P-value 95% CI
(Constant) -1.283 0.006 -2.201 -0.365 -1.164 0.004 -1.953  -0.375
Systolic BP 0.003 0.313 -0.003 0.010 0.007 0.001 0.003 0.012
Diastolic BP 0.009 0.114 -0.002 0.020

Age 0.013 0.002 0.005 0.022 0.012 0.005 0.004 0.020
Sex -0.025 0.758 -0.187 0.136

Smoking 0.241 0.031 0.022 0.461 0.277 0.011 0.064 0.490
User of floss/interdental brush -0.061 0.254 -0.165 0.044

Last dental visit 0.039 0.396 -0.051 0.128

P1% -0.008 0.001 -0.012 -0.003 -0.007 0.002 -0.011  -0.003
BOP% 0.005 0.062 0.000 0.010

Mean PPD 0.896 0.000 0.752 1.041 0.971 0.000 0.846 1.097
Missing teeth 0.099 0.000 0.075 0.122 0.102 0.000 0.079 0.126

r? (0.716) was computed using stepwise linear regression with variables that were significant (P < 0.05).
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Table 5. Regression analysis of variables associated with missing teeth

Unadjusted Adjusted

Variables Coefficient P-value 95% CI Coefficient P-value 95% CI
(Constant) -0.281 0.909 -5.108 4.547 0.404 0.855 -3.943 4.752
Systolic BP 0.000 0.981 -0.032 0.033

Diastolic BP -0.051 0.073 -0.108 0.005 -0.051 0.010 -0.090 -0.013
Age 0.055 0.013 0.011 0.098 0.049 0.018 0.008 0.090
Sex 0.379 0.369 -0.452 1.209

Smoking 0.282 0.627 -0.863 1.427

User of floss/interdental brush -0.174 0.527 -0.713 0.366

Last dental visit 0.031 0.895 -0.431 0.493

P1% 0.026 0.029 0.003 0.049 0.032 0.002 0.012 0.052
BOP% 0.020 0.138 -0.007 0.047

Mean PAL 2.626 0.000 1.994 3.258 2.780 0.000 2.189 3.371
Mean PPD -2.300 0.000 -3.237 -1.363 -2.211 0.000 -3.097  -1.326

12 (0.409) was computed using stepwise linear regression with variables that were significant (P < 0.05).
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Supplementary information

Periodontal conditions of essential hypertension attendees to a

general hospital in Hong Kong

JIN Chiu, Y Zheng, SML Lai, WS Chan, SKW Yeung, HYC Bow, D Samartzis,

EF Corbet, WK Leung.

METHODS
Blood pressure categories
BP was subcategorized as normal, elevated, stage 1, stage 2, or hypertension crisis as defined

by Whelton et al. (2018) (Table S1).

Periodontitis case definition
For severity of periodontal disease, the periodontitis case definition guideline set by the
working group appointed by the American Academy of Periodontology (AAP) and the CDC

for population-based studies was adopted (Eke et al. 2012) (Table S2).

Data analysis
One-way ANOVA was used to compare means of categories classified under various
subgroups. Phi and Cramer's v tests were conducted to measures the strength of relationship

between two variables’ categories (Akoglu, 2018).
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RESULTS
Association between periodontal conditions, blood pressure or self-reported oral health
behaviour
The association between oral hygiene habits, self-reported dental attendance, BP category, SBP
or DBP and periodontal disease severity or PPD, PAL in an independent fashion were explored.
In brief, S/DBP was significantly associated with BOP%, mean PPD, mean PAL and negatively
associated with P1% (P < 0.001, Pearson's Correlation). When BP categories were considered,
BOP% was no longer significantly associated with the former (P = 0.102, one-way ANOVA).

Periodontitis case definition appeared very strongly associated with BP category (Phi
and Creamer’s V = 0.305), strongly associated with poor self-reported use of floss/interdental
brush, and self-reported dental visit (Phi and Creamer’s V >0.177).

Poor self-reported habit of flossing/interdental brushing appeared associated with more
BOP% and higher mean PPD (P < 0.04, one-way ANOVA), while poor self-reported dental
attendance was associated with P1% (P = 0.031, one-way ANOVA).

Among the 102 EH participants, usage of calcium channel blockers (n=66), or not, did
not associate with BOP% nor severity of periodontitis in terms of mean PPD, mean PAL or

percentage sites PPD>5mm (P>0.135).
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1  Table S1. Categories of blood pressure in participants’

2
Blood pressure Systolic blood pressure Diastolic blood pressure
category (SBP) (DBP)
Normal <120 mmHg and <80 mmHg
Elevated 120 — 129 mmHg and <80 mmHg
Hypertension stage 1 130 — 139 mmHg or 80 — 89 mmHg
Hypertension stage 2 > 140 mmHg or >90 mmHg
Hypertensive crisis > 180 mmHg and/or > 120 mmHg

3  TDefined in accordance to Whelton et al. (2018). Individuals with SBP and DBP in two

4  categories were designated to the higher BP category.

5

6

7
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1  Table S2. Case definition of periodontitis’

2
Disease Clinical Definition
Category PAL PPD
No No evidence of mild, moderate, or severe periodontitis
periodontitis
Mild > 2 interproximal sites with  AND > 2 interproximal sites with PPD >
periodontitis PAL >3 mm 4 mm (not on same tooth) or one
site with PPD > 5 mm
Moderate > 2 interproximal sites with  OR > 2 interproximal sites with PPD >
periodontitis PAL >4 mm (not on same 5 mm (not on same tooth)
tooth)
Severe > 2 interproximal sites with AND > 1 interproximal site with PPD > 5
periodontitis PAL > 6 mm (not on same mm
tooth)

3 'Defined in accordance to Eke et al. (2012). Third molars were excluded.

4



