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Aims Inflammation is an important driver of hypertension. Periodontitis is a chronic inflammatory disease, which could
provide a mechanism for pro-hypertensive immune activation, but evidence of a causal relationship in humans is
scarce. We aimed to investigate the nature of the association between periodontitis and hypertension.

...................................................................................................................................................................................................
Methods
and results

We performed a two-sample Mendelian randomization analysis in the �750 000 UK-Biobank/International
Consortium of Blood Pressure-Genome-Wide Association Studies participants using single nucleotide polymor-
phisms (SNPs) in SIGLEC5, DEFA1A3, MTND1P5, and LOC107984137 loci GWAS-linked to periodontitis, to ascer-
tain their effect on blood pressure (BP) estimates. This demonstrated a significant relationship between
periodontitis-linked SNPs and BP phenotypes. We then performed a randomized intervention trial on the effects
of treatment of periodontitis on BP. One hundred and one hypertensive patients with moderate/severe periodon-
titis were randomized to intensive periodontal treatment (IPT; sub- and supragingival scaling/chlorhexidine; n = 50)
or control periodontal treatment (CPT; supragingival scaling; n = 51) with mean ambulatory 24-h (ABPM) systolic
BP (SBP) as primary outcome. Intensive periodontal treatment improved periodontal status at 2 months, compared
to CPT. This was accompanied by a substantial reduction in mean SBP in IPT compared to the CPT (mean
difference of -11.1 mmHg; 95% CI 6.5–15.8; P < 0.001). Systolic BP reduction was correlated to periodontal status
improvement. Diastolic BP and endothelial function (flow-mediated dilatation) were also improved by IPT. These
cardiovascular changes were accompanied by reductions in circulating IFN-c and IL-6 as well as activated (CD38þ)
and immunosenescent (CD57þCD28null) CD8þT cells, previously implicated in hypertension.
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Conclusion A causal relationship between periodontitis and BP was observed providing proof of concept for development of

clinical trial in a large cohort of hypertensive patients. ClinicalTrials.gov: NCT02131922.
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Introduction

Hypertension is a common chronic disease impacting 1.4 billion peo-
ple worldwide, accounts for 10.4 million (9.39–11.5) deaths/year.1

Despite the availability of multiple anti-hypertensive agents, 71% of
patients fail to achieve blood pressure (BP) below 130/80 mmHg.2

Whilst this could be partially explained by poor treatment adherence,
persistently elevated BP in these patients, highlights insufficient under-
standing of the mechanisms of hypertension.

Experimental and observational clinical evidence suggests a prom-
inent role of inflammation in the development of hypertension.3 In
particular, activation of immune cells has been demonstrated in
hypertension.4–6 Hypertension is more prevalent in patients with im-
mune-mediated disorders, such as psoriasis, rheumatoid arthritis or
systemic lupus erythematosus.7 Thus, chronic inflammatory disorders,
could provide a substrate for the pro-hypertensive inflammation.

Periodontitis is one of the commonest inflammatory conditions
worldwide, representing the sixth most prevalent condition world-
wide1,8 with prevalence of 20–50%.9 It is linked to cardiovascular in-
flammation and endothelial dysfunction.10 Therefore, if causally
associated, periodontitis could significantly contribute to the global
hypertensive burden and interventions targeting oral inflammation
would have an important role in the prevention of hypertension and
its complications.8,11 Observational evidence suggests that
moderate-severe periodontitis is associated with increased odds for
hypertension.12

Because of this, it is imperative to establish if periodontitis can
cause hypertension. Our group has recently shown that immune acti-
vation induced by a keystone periodontal pathogen (Porphyromonas
gingivalis) promotes the development of hypertension in mice.13

Small interventional studies concluded that intensive periodontal
therapy may lead to BP reduction, although sufficiently powered evi-
dence in well-defined hypertensive cohorts is lacking.12

Therefore, we aimed to investigate the nature of the association
between periodontitis and hypertension using two experimental
approaches: (i) a Mendelian randomization (MR) analysis utilizing gen-
etic, BP data from the UK Biobank, and the International Consortium
of Blood Pressure (ICBP)–Genome-Wide Association Studies
(GWAS) population and (ii) performing a randomized controlled trial
of non-surgical periodontal therapy in hypertensive patients, using
24-h ambulatory BP monitoring as a primary outcome.

Methods

Mendelian randomization
Mendelian randomization is one of the methods that can be used to test
causal relationship between risk factors and various phenotypes including

disease outcomes.14 Growing number of single nucleotide polymor-
phisms (SNPs) that are convincingly associated with certain risk factors
(e.g. smoking habits, blood lipid profile, or presence of periodontitis) in
GWAS allows researchers to use these SNPs as instrumental variables
that approximate lifetime exposure to risk factor and test these SNPs for
an association with a phenotype of interest.14

A two-sample Mendelian randomization analysis was performed to in-
vestigate a causal link between periodontitis and BP. Four SNPs, in
LOC107984137 (rs729876), MTND1P5 (rs16870060), DEFA1A3
(rs2738058), and SIGLEC5 (rs4284742) loci, previously associated with
periodontitis in GWAS,15,16 were used as instrumental variables (IVs) in
Mendelian randomization analysis. These SNPs, therefore, were consid-
ered as a periodontitis exposure proxy, which were then tested in the
context of BP phenotypes. A palindromic rs1537415 SNP in GLT6D1,
associated with periodontitis in GWAS as well,17 was excluded from the
analysis due to high allele frequency as well as due to the lack of proxy
SNPs in Caucasians. GWAS data on BP, performed by Evangelou et al.18

from UK-Biobank and ICBP-GWAS (including �750 000 participants),
were used to extract estimates of association between instrumental vari-
ables and systolic BP and diastolic BP (SBP and DBP) and pulse pressure
(PP). Additional details are provided in Supplementary material online.

Randomized clinical trial
We performed a single-centre, parallel-group, randomized study to as-
sess the effect of intensive non-surgical periodontal treatment (IPT;
whole mouth subgingival and supragingival scaling of the teeth using also
0.2% chlorhexidine gel) compared with conventional care (supragingival
scaling) and a 2-month follow-up. Consecutive patients from general den-
tal practices in Krakow, Poland and from among referrals to the
University Dental Clinic in Krakow. Patients who had previously been
diagnosed with hypertension (in accordance with ESC/ESH diagnostic cri-
teria19 were receiving stable treatment using at least one anti-
hypertensive agent, since at least 6 months, and had an office BP of >140/
90 mmHg at the time of visit (average of at least three resting measure-
ments)20 were enrolled into the study if they also presented with moder-
ate to severe periodontitis (using the Centre for Disease Control–
American Association of Periodontology case definitions).21,22 Exclusion
criteria included acute and major chronic inflammatory/immune disor-
ders including autoimmune conditions, infections (including tuberculosis,
HIV, hepatitis B, and hepatitis C), pulmonary, liver diseases and malignan-
cies (within the last 5 years) as assessed by the examining clinician.
Patients who had received treatment with medications known to affect
periodontal status were also excluded (phenytoin and cyclosporine).
Patients using any form of systemic or local immunosuppression (includ-
ing steroids) within the previous 6 months were excluded, as were
patients with any cause of secondary hypertension.

After identification in general medical practice, all eligible participants
have first screened for office BP as well as full dental examination for in-
clusion into the study. Secondly, the first study visit (baseline) occurred
within 3–14 days from the patient identification visit. At baseline, ambula-
tory 24-h blood pressure monitoring (ABPM), blood samples collection
and vascular function assessment were undertaken. ABPM was removed
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24-h later in all participants, during the first dental treatment session.
All patients who fulfilled criteria and provided informed consent were
randomized, after run-in period, 1:1 using a computer-generated table to
receive either IPT or CPT. Treatment allocation was concealed in an opa-
que envelope that was opened on the day of treatment by the treating
physician. All other investigators, including cardiovascular physicians, BP
nurses, laboratory staff, and staff involved in data collection and analysis
remained masked to the treatment allocation.

Intensive periodontal treatment consisted of a single session of whole
mouth supragingival and subgingival scaling of the teeth under local anaes-
thesia with the topical application of 0.2% chlorhexidine gel (PerioKin,
UK). CPT consisted of a single session of supragingival scaling of the teeth.
All participants received dental hygiene instructions and were then fol-
lowed up the next day, 7–10 days later, and 2 months after the dental
treatment session. Full dental examination and cardiovascular assess-
ments were repeated 2 months after therapy. At the end of the study,
patients with CPT received subgingival dental scaling as required. Anti-
hypertensive and other medication use by patients was monitored during
each visit. Any change would result in termination of patient’s participa-
tion in the study.

Average systolic 24-h ambulatory BP at 2 months was the prespecified
primary outcome, while vascular function and inflammatory soluble and
cellular biomarkers were secondary endpoints. The study was approved
by the Jagiellonian University Ethics Committee. All participants provided
written informed consent prior to being enrolled into the study. The
study was registered with ClinicalTrials.gov: NCT02131922. Additional
details are provided in Supplementary material online.

Office and 24-h ABPM determination
Office BP was measured using Omron M digital BP monitor by a BP
clinic nurse. Three measurements after resting in a quiet and
temperature-controlled room were performed and average was
recorded. ABPM was performed by Department of Internal Medicine
ABPM lab using Spacelabs Ultralite 90217 devices in accordance with
manufacturer recommendations and in agreement with current ESC/ESH
Guidelines.20

Vascular function assessment
Flow-mediated dilatation (FMD) of the brachial artery was used to deter-
mine the vascular endothelial function and nitroglycerine-mediated dilata-
tion was used for measuring endothelial-independent vasodilatation.
Analysis was performed using Vascular Tools 5 software by two inde-
pendent vascular technicians masked to the treatment allocation and as
previously described.23,24

Flow cytometric analysis
A panel of circulating blood cell features was performed as previously
described.5,6,23,25 Additional details are provided in Supplementary ma-
terial online.

Plasma cytokine measurements
Blood samples were centrifuged at 400�g for 10 min. Then, platelet-rich
plasma was collected and centrifuged at 1000 �g for 15 min at 4�C.
Next, plasma sample without any pelleted cells was collected and stored
at -80�C until analysis. Samples were analysed for IFN-c, IL-1b, IL-6, IL-
10, IL-17A, IL-17E, IL-23, IL-33, MIP-3a/CCL20, and TNF-a with Luminex
technology using standard kits with magnetic beads (MILLIPLEX MAP
Human TH17 Panel—Immunology Multiplex Assay HTH17MAG-14K,
Millipore, Merck) and were read on a Luminex 200 machine (Biorad) in
accordance with the manufacturer’s instructions.

Statistical analysis
Analyses were performed with SPSS (ver. 25.0) statistical package unless
otherwise stated. MR analysis was performed using MR-PRESSO
(Mendelian Randomization Pleiotropy RESidual Sum and Outlier).26

Additional causal estimation analyses were performed using inverse-vari-
ance weighted, and simple median-based methods using
MendelianRandomization package in R (ver. 3.5.1).27

Based on previous evidence, the clinical study was powered (80%)
with a sample of 50 participants per group to detect a 7 mmHg difference
in BP between study groups and a 13 mmHg standard deviation of the
change in SBP.28–31 All the analyses were performed based on the
intention-to-treat principle, per-protocol analyses for the outcomes
reported are included. Means and 95% confidence intervals (95% CIs) of
continuous variables are presented according to treatment groups.
Categorical variables count and percentages are presented according to
the treatment group and values were tested using the v2 test. In the dis-
covery analyses, cytokines and cell types were compared using the paired
t-test for each of the treatment groups separately. Between group differ-
ences and differences from baseline to 2-month of follow-up were tested
with the use of repeated-measures analysis of variance (ANOVA) with
interaction term between group and time defined by two visits. We used
one-sided tests for analysis of cytokines and cell types based on hypoth-
esis from previous studies.28 Correlation analyses between the BP out-
comes and changes in dental parameters were performed using
Spearman Rank tests. Mediation analysis was performed using mediation
package in R32,33 and tested average causal mediation effect of treatment
group on change in SBP that is due to the change in periodontal pocket
depth (PPD). P-values <0.05 were considered significant.

......................................... ......................................... ................................................................

....................................................................................................................................................................................................................

Table 1 Results of Mendelian randomization analysis in the combined UK Biobank and International Consortium of
Blood Pressure–Genome-Wide Association Studies populations

Phenotype MR-PRESSO Median IVW (inverse-variance weighted)

Causal

estimate

SD P Causal

estimate

SE P Causal

estimate

SE P

Systolic blood pressure (SBP) 0.177 0.014 0.001 0.177 0.084 0.036 0.177 0.072 0.013

Diastolic blood pressure (DBP) 0.069 0.012 0.011 0.076 0.048 0.114 0.069 0.041 0.093

Pulse pressure (PP) 0.110 0.015 0.005 0.115 0.057 0.044 0.110 0.049 0.023
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Mendelian randomization links
hypertension to periodontitis
Mendelian randomization utilizes genetic variants that serve as proxy
measures for modifiable risk factors to allow estimation of the causal

influence of the modifiable risk factor in question. We, therefore,
used four SNPs, in LOC107984137, MTND1P5, DEFA1A3, and
SIGLEC5 loci, previously associated with periodontitis in GWAS, as
instruments for making causal inferences about the role of periodon-
titis in human BP regulation. All studied SNPs showed concordant ef-
fect direction i.e. the same allele was associated with both increased

....................................................................................................................................................................................................................

Table 2 Baseline characteristics of the study population

Control periodontal

treatment (CPT; n 5 51)

Intensive periodontal

treatment (IPT; n 5 50)

Age (years) 56 (54–58) 53 (50–56)

Sex, n (%)

Male 31 (60) 26 (52)

Female 20 (40) 24 (48)

BMI 29 (28.1–30.7) 28 (26.8–29.2)

Smoking, n (%)

Never 26 (51) 26 (51)

Current 15 (29) 17 (34)

Past 10 (20) 7 (14)

Diabetes mellitus, n (%)

Type 1 0 0

Type 2/glucose intolerance 6 (11) 4 (8)

Office SBP (mmHg) 154 (150.6–158.9) 155 (152.4–158.5)

Office DBP (mmHg) 89 (85–92) 92 (89–95)

Ambulatory 24 h BP

Average SBP (mmHg) 132 (127–136) 135 (130–138)

Average DBP (mmHg) 80 (77–82) 84 (80–86)

Heart rate (b.p.m.) 72 (69–74) 72 (69–75)

Activity SBP (mmHg) 136 (131–140) 138 (135–142)

Activity DBP (mmHg) 83 (80–86) 87 (85–90)

Night SBP (mmHg) 119 (114–124) 121 (117–126)

Night DBP (mmHg) 70 (67–73) 71 (68–74)

Total cholesterol (mmol/L) 5.3 (5.0–5.6) 5.8 (5.5–6.1)

TG (mmol/L) 1.8 (1.5–2.2) 1.7 (1.5–2.0)

LDL cholesterol (mmol/L) 3.2 (2.9–3.4) 3.6 (3.4–3.9)

HDL cholesterol (mmol/L) 1.3 (1.2–1.4) 1.4 (1.3–1.5)

Creatinine (mmol/L) 92 (89.1–96.7) 88 (84.2–91.5)

Fasting Glucose (mmol/L) 5.7 (5.5–6.1) 5.4 (5.2–5.7)

White blood cells (1000/mm3)a 6.7 (6.1–7.3) 6.1 (5.7–6.5)

Mean periodontal probing depth (mm) 2.9 (2.8–3.1) 2.9 (2.8–3.1)

Mean CAL (mm) 3.7 (3.4–4.0) 3.8 (3.5–4.1)

Mean CIPTN 3.2 (3.1–3.4) 3.1 (2.9–3.3)

Number of teeth 21 (18.7–22) 22 (19.7–23.1)

Number of anti-hypertensives 2.2 (1.8–2.5) 2.1 (1.8–2.4)

Beta-blocker, n (%) 22 (43) 20 (40)

Calcium channel blocker, n (%) 19 (37) 16 (32)

ACR-I/ARB, n (%) 38 (75) 37 (74)

Alpha-blocker, n (%) 4 (8) 4 (8)

Diuretic, n (%) 29 (56) 26 (52)

HMG-CoA inhibitors, n (%) 16 (31) 13 (26)

aData are averages with 95% CI or patient numbers with percentages in brackets. All differences in characteristics between groups were non-significant.
ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blockers; BMI, body mass index; CAL, clinical attachment loss; CIPTN, community periodontal index of treat-
ment needs; HMG-CoA, b-hydroxy b-methylglutaryl-coenzyme A; TG, triglycerides.
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risk for periodontitis and increased level of BP index (Supplementary
material online, Table S1 and Figure S1). MR-PRESSO analysis did not
identify significant horizontal pleiotropic variants and demonstrated a
significant effect of periodontitis on all three BP indexes. Median-
based and inverse-variance weighted approaches detected nominally
significant causal association between periodontitis-linked SNPs and
SBP or PP (Table 1).

Clinical study
About 101 consecutive patients were randomized to IPT or CPT
control group between 10 December 2009 and 5 January 2015.
Whilst office BP of all patients exceeded 140/90 mmHg in all partici-
pants, the whole group active period ABPM was 137± 15/
86± 10 mmHg. Both study groups did not significantly differ in any of
the medical or dental characteristics at baseline (Table 2). Fifty
patients were assigned to IPT, while 51 were assigned to control
treatment (Figure 1). Notably, in both groups, five patients did not
reach the 2-month time point and were lost to follow-up (Figure 1).
No serious adverse events were reported.

Effects of periodontal treatment on
blood pressure
Intensive periodontal treatment caused a significant reduction of
average 24-h SBP (Figure 2A) as well as DBP (Figure 2B) by 7.5 and
5.8 mmHg, respectively. Interestingly, in the control treatment group
a borderline significant increases of BP values were observed, leading
to the difference in change of SBP of 11.1 mmHg (95% CI 6.5–15.8)

and DBP of 8.3 mmHg (95% CI 3.98–12.6) between CPT and IPT
groups (Figure 2A and B). These changes in BP were not accompanied
by any change in average daily heart rate (72 ± 10 vs. 71.6 ± 9 b.p.m.;
P = 0.3). We also analysed anti-hypertensive effect of IPT in relation
to baseline BP showing, as expected, that the degree of SBP reduc-
tion was dependent on baseline SBP value (Figure 2C). Significant sys-
tolic, diastolic, and PP reductions were observed both in daytime
(activity) and during the nighttime (Supplementary material online,
Table S2). We have also performed a subgroup analysis to determine
if any of patient subgroups benefited the most. While no difference
was observed depending on sex, initial periodontal status, or number
of anti-hypertensive medications, a significant effect (P-value for inter-
action < 0.05) was evident for age and borderline effect for body
mass index, indicating that periodontitis might have stronger link to
hypertension in younger individuals. (Supplementary material online,
Figure S3).

Effects of periodontal treatment on
vascular function
Intensive periodontal treatment participants presented with
increased FMD at 2 months after therapy compared to CPT [differ-
ence of -1.72% (95% CI -3.1 to -0.4); P < 0.01; Supplementary mater-
ial online, Figure S2A]. Non-endothelium dependent, nitroglycerine-
induced vasodilatation did not change between study groups
(Supplementary material online, Figure S2B).

Figure 1 A flowchart of clinical study profile.
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Dental status changes
Intensive periodontal treatment produced a substantial improve-
ment in periodontal health of all participants when compared to
CPT patients [periodontal probing pocket depth difference of
0.55 mm, 95% CI 0.38–0.72, P < 0.001; Figure 3A]. Similar differen-
ces were observed in average periodontal clinical attachment level
(Figure 3B). Notably, the degree of individual BP change at
2 months was positively correlated with the change of periodontal
probing depth (Figure 3C) in the IPT group. This correlation
remained statistically significant after correction for the baseline

SBP value (Rs = 0.34; P < 0.05) or when all studied participants
were taken into account (Rs = 0.46; P < 0.001). Moreover, to test
whether changes in periodontal status mediate the benefits of IPT
on BP we performed mediation analysis. This demonstrated a sig-
nificant average direct effect of treatment group on change in SBP
[estimate = 8.92 (95% CI 3.68–14.29), P = 0.001] and a significant
average causal mediation effect of treatment group on change in
SBP that is due to change in PPD [estimate = 3.59 (95% CI 0.52–
7.10), P = 0.021; proportion of total effect due to mediation =
0.29 (95% CI 0.04–0.61), P = 0.021].

Figure 2 Effects of conventional periodontal treatment and intensive periodontal treatment on blood pressure. Changes of 24-h average systolic
(A) and diastolic (B) blood pressure between baseline and 2 months following control periodontal treatment or intensive periodontal treatment are
reported as mean ± 95% confidence interval. Subsequently, difference in change was calculated between randomization groups. (C) Relationship be-
tween baseline systolic blood pressure and the effect of intensive periodontal treatment on blood pressure reduction. Patients were divided in ter-
tiles of baseline ambulatory 24-h blood pressure monitoring measured systolic blood pressure and change of systolic blood pressure between
baseline and follow-up (delta systolic blood pressure) was analysed and presented as mean with 95% confidence interval. Ambulatory 24-h blood
pressure monitoring Tertile 1: <130 mmHg; Tertile 2: 131–138 mmHg; and Tertile 3 >138 mmHg.
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..Cell and circulating inflammatory
mediators
Luminex analyses confirmed that IPT produced modest but statis-
tically significant reductions in plasma levels of IL-6, IFN-c, IL-17A,
and TNF-a (Table 3). The differences remained significant in
ANOVA only in relation to IFN-c (CPT change: -2.2 ± 4.7, IPT
change: -12.6 ± 2.8); difference in change: 10.4 pg/mL and IL-6
(CPT change: 0.3± 2.4, IPT change: -5.7 ± 2.2); difference in
changes: 6.0 pg/mL. No differences were noted in the other circu-
lating biomarkers.

Whilst no changes in pro-inflammatory monocytes or CD4þ T
cells were observed in IPT, we observed a substantial reduction of
activated CD8 cells characterized by expression of CD38þ cells in
the IPT but not CPT group (Figure 4). This reduction remained statis-
tically significant after correction for multiple comparisons (FDR) and
in two-way ANOVA analyses [CPT change: 0.56 ± 1.27, IPT change:
-4.60 ± 1.39; difference in changes: 5.16 (95% CI 1.39–8.93), Figure 4].
Moreover, a reduction in circulating immunosenescent CD8þ
CD28nullCD57þ cells between study groups was observed in IPT
but not CPT group (Figure 4A–C).

Figure 3 Effects of control periodontal treatment and intensive periodontal treatment on periodontal status and its relationship to blood pressure
improvement. Changes of periodontal pocket depth (A) and clinical attachment loss (B) were monitored between baseline and 2 months following
control periodontal treatment or intensive periodontal treatment and are reported as mean ± 95% confidence interval along with difference in
change calculated between randomization groups (with 95% confidence interval). (C) Spearman correlation between improvement of systolic blood
pressure and change of periodontal pocket depth in individual patients.
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Discussion

In the present study, we report evidence of a causal relationship be-
tween periodontitis and hypertension using two complementary and
independent research methods. Firstly a two-sample MR approach
using a large sample population (�750 000 participants) and non-
palindromic SNPs analysis linking loci that were previously GWAS-
associated to periodontitis with hypertension. The association be-
tween periodontitis and hypertension was also supported by a
randomized controlled trial of non-surgical periodontal therapy.
Improvement of periodontal status, following IPT, was directly
related to the 24-h BP profile improvement. These effects on BP
were accompanied by reduction of systemic pro-hypertensive cyto-
kine levels ([IFN-c, IL-6, IL-17A, and TNF-a), as well as activated
(CD38þ) and immunosenescent dysregulated CD57þ/CD28null
CD8þ T cells, that were previously linked to hypertension.34

This is the first study using a two-sample MR to gain inferences
about a causal relationship between periodontitis and BP indexes.
While recent publications of GWAS studies have helped in identify-
ing possible genetic tools,15,16 a low number of available instrumental
variables remains a limitation of this approach. Depending on the cal-
culation method, heritability estimates of periodontitis are highly vari-
able and included instrumental variables likely explain small
proportion of genetic background of periodontitis.35 Nevertheless, it
did allow for successful identification of the links between
periodontitis-linked SNPs and systolic, diastolic, and PP using a num-
ber of independent Mendelian randomization approaches. This indi-
cates that in the future, this genetic instrument can be very valuable
to address the link between periodontitis and hard cardiovascular
endpoints.

In the studies used to generate the Mendelian randomization
results, information on hard cardiovascular outcomes are available.
This is important as the link between periodontitis and risk cardiovas-
cular disease remains a topic of extreme interest. Genetic tool used
in this study, can be useful in future investigations of hard cardiovas-
cular endpoints.

To the best of our knowledge, our work is the first attempt to ad-
dress the question of whether non-surgical periodontal treatment
can reduce BP in hypertensive patients with ambulatory 24-h BP
monitoring as the primary outcome. The use of 24-h ABPM as a pri-
mary endpoint in our study is of particular importance for consist-
ency and validity of results in modestly sized trials.36 Out of a total of
12 interventional studies performed to date in patients with peri-
odontitis that have reported BP values, only one addressed the ques-
tion of BP reduction as a primary outcome,12 however, this involved
patients with high normal BP rather than those with hypertension.
Zhou et al.37 reported an absolute difference of office SBP of
12.57 mmHg, 95% CI 10.45–14.69, P < 0.05 between treatment arms.
In majority of other interventional studies of sufficient size, including
our recent clinical trials, where BP was reported, uncontrolled hyper-
tension was an exclusion criterion.10,28

In our study, IPT was associated with a 7.5 ± 10 mmHg reduction
of BP. This could represent an important health change linked to pre-
vention of hypertension complications. A recent meta-analysis of
hypertensive randomized clinical trials reported that a 10-mmHg re-
duction in systolic and/or 5-mmHg reduction in DBP resulted in a
25–30% reduction of cardiovascular events including stroke and
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Figure 4 Effects of control periodontal treatment and intensive periodontal treatment on selected T lymphocyte and monocyte populations. (A)
Heatmap presenting 23 cell subpopulations with ratio of baseline- and post-treatment levels between control periodontal treatment and intensive
periodontal treatment patients. Cell types were selected on the basis of previous reports of significance for hypertension and vascular regulation.
Colour of each square corresponds to a baseline and follow-up (2 months) means for intensive periodontal treatment and control periodontal treat-
ment groups of each analysed cell type. Differences in absolute values that were significant (P < 0.05) after FDR correction in intensive periodontal
treatment but not control periodontal treatment in our discovery analysis are marked with asterisk. Heatmap was generated using ClustVis software.
Examples of flow cytometry (B) and average values (C) detecting cell types of activated (CD38) and immunosenescent (CD28null, CD57þ) CD8þT
cells between baseline and 2 months post-treatment in control periodontal treatment and intensive periodontal treatment groups. *P < 0.05 vs. base-
line; two-way analysis of variance.
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.
heart failure.38 Our results are consistent with recent large cross-
sectional NHANES survey of 11 753 participants that showed that
good periodontal health is associated with better SBP profile during
anti-hypertensive therapy by about 2.3–3 mmHg and with lower
odds of anti-hypertensive treatment failure.39

In this study, we observed improvements in endothelial function
after periodontal therapy. As endothelial function is one of the key
mechanisms for vascular risk in hypertension, our observations link-
ing it to periodontal inflammation is of primary importance. This is
consistent with the previous observations that periodontitis is associ-
ated with endothelial dysfunction and that the latter is improved by
IPT.10 More importantly, such improvement, in hypertensive patients
was already observed 2 months after IPT, earlier than in other cardio-
vascular risk populations.10 We have not measured pulse wave vel-
ocity or vascular stiffness, as our follow-up period was likely too
short to observe significant change. In future, longer, studies it may
represent a valuable outcome providing additional insights into vascu-
lar biology of periodontitis.

Periodontitis is associated with systemic inflammation evidenced
by high C-reactive protein/high asymmetric dimethylarginine levels,40

as well as circulating cytokines and adipokines.28 In addition, as white
blood cell counts have been linked to periodontitis,41 we also investi-
gated cellular signature of inflammation. Reductions of circulating
activated and dysregulated CD8 cells of immunosenescent pheno-
type observed in this study are of interest,42 as patients with
hypertension show an increased presence of immunosenescent, pro-
inflammatory, cytotoxic CD8þ T cells characterized by presence of
CD57þ and lack of CD28 (CD28null).34 Interestingly these cells are
an important source of TNF-a and IFN-c and they have been shown
to infiltrate kidneys and vessels in hypertensive patients, through
which they can contribute to development of the disease. Moreover,
we have also recently demonstrated that these cells
(CD57_CD28null) are first to be recruited to sites of vascular injury
in humans which makes them particularly important from the per-
spective of vascular function regulation.25 However number of condi-
tions can affect development of these immunosenescent cells34 and,
while interesting, extent of changes observed here was modest, and
does not prove their causal role linking periodontitis to hypertension.

While we have measured a number of pro-and anti-inflammatory
cytokines, particularly notable reductions were observed in pro-
inflammatory cytokines which have been shown to contribute to
hypertension by previous studies. This includes TNF-a,43 IFN-c,44 IL-
17A,45 and IL-6.46 In particular, IFN-c has been associated with vascu-
lar and BP phenotypes.34,44,47,48

Interestingly, these systemic changes were observed in our
patients who were characterized by moderate to severe level of peri-
odontitis. Notably, average whole mouth periodontal probing depth
was lower than in some of the previous trials which recruited patients
with more severe forms of periodontitis. This was likely linked to our
model of patient ascertainment from general medical practices rather
than solely periodontal clinics. We have clearly observed that in such
patients, even after a single treatment visit periodontal status remains
improved after 2 months with reduction of systemic inflammatory
markers. In longer-term observations, the effects of initial therapy are
often obscured by poor adherence of patients regarding domiciliary
dental hygiene routines. Our study represents a unique proof-of-

concept which could well serve for the design of a larger, multi-
centre and longer follow-up trial.

One of the surprising observations of the current study was an in-
crease of ABPM BP in control treatment patients during the follow-
up. This is consistent with recent observation in a high normal BP
group of patients.37 At 2 months following conventional treatment,
we did not observe significant changes of inflammatory cytokines.
Other factors linked to continued periodontitis could also contribute
to worsening of BP control in this group of patients. Such change
could be related to worse treatment adherence in this group of
patients, although it is important to note that we studied patients
with long-term chronic hypertension who have already used stable
treatment before inclusion into the study.

Limitations
Our clinical study should be considered as proof of concept and
needs to be confirmed in a large cohort of hypertensive patients.
Firstly, the population included in the trial cannot be considered as
having resistant hypertension, but simply as an insufficiently con-
trolled BP. In order to ensure that changes of treatment will not be a
major cause for BP alterations, patients who required a change of
anti-hypertensive therapy during the trial were excluded. While in a
2-month time of follow-up this was a rare event, it might be an im-
portant consideration for future long-term studies, as may either
preferentially exclude or include patients particularly prone to inflam-
matory mechanism. In line with this, effects of periodontal therapy on
medication adherence need to be carefully monitored as it is highly
important for addressing the effect of diverse therapies on BP out-
comes. Similarly, while number of patients studied was sufficient to
show effects on primary outcome, inclusion of more participants
would have strengthened the study results given the variability of the
response to therapy. While our study provides valuable proof of con-
cept, a longer follow-up of 6 or 12 months would be needed to allow
for therapeutic recommendations and conclusions. Finally, while not
significant, the intensive treatment group compared to standard
treatment was characterized by numerically higher 24-h blood pres-
sure. While this difference is not significant, we have to remain cau-
tious that it might have affected BP outcome.

In conclusion, the present study supports a causal relationship be-
tween periodontitis and hypertension. While the mechanisms of this
relationship warrant further investigation, we have provided genetic
and experimental evidence that periodontitis is linked to hyperten-
sion. These preliminary results need to be confirmed in a large cohort
of hypertensive patients as they may represent a novel non-
pharmacological intervention for the management of hypertension.

Supplementary material

Supplementary material is available at European Heart Journal online.

Acknowledgements
The authors are grateful to Kevin Luc for language editing of the
article.

10 M. Czesnikiewicz-Guzik et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/advance-article-abstract/doi/10.1093/eurheartj/ehz646/5556904 by guest on 27 Septem
ber 2019

https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehz646#supplementary-data


..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
Funding
This study was funded by the European Research Council [ERC and
InflammaTENSION; ERC-CoG-726318; to T.J.G.] and by National
Science Centre of Poland grant [2997/B/P01/2009/36] and British Heart
Foundation (RE/13/5/30177).

Disclousures:

Dr Guzik reports grants from European Commission/European
Research Council, grants from National Science Centre, Poland
(NCN), British Heart Foundation during the conduct of the study;
TG also received consulting fees from Bayer AG, Sanofi-Aventis, out-
side the scope of this work. Other authors declare no relationships
to disclose in relation to this work.

Conflict of interest: none declared.

References
1. GBD 2017 Risk Factor Collaborators. Global, regional, and national comparative

risk assessment of 84 behavioural, environmental and occupational, and metabol-
ic risks or clusters of risks for 195 countries and territories, 1990-2017: a sys-
tematic analysis for the Global Burden of Disease Study 2017. Lancet 2018;392:
1923–1994.

2. Kotseva K, De Backer G, De Bacquer D, Ryden L, Hoes A, Grobbee D, Maggioni
A, Marques-Vidal P, Jennings C, Abreu A, Aguiar C, Badariene J, Bruthans J,
Castro Conde A, Cifkova R, Crowley J, Davletov K, Deckers J, De Smedt D, De
Sutter J, Dilic M, Dolzhenko M, Dzerve V, Erglis A, Fras Z, Gaita D, Gotcheva N,
Heuschmann P, Hasan-Ali H, Jankowski P, Lalic N, Lehto S, Lovic D, Mancas S,
Mellbin L, Milicic D, Mirrakhimov E, Oganov R, Pogosova N, Reiner Z, Stoerk S,
Tokgozoglu L, Tsioufis C, Vulic D, Wood D; EUROASPIRE Investigators.
Lifestyle and impact on cardiovascular risk factor control in coronary patients
across 27 countries: results from the European Society of Cardiology ESC-EORP
EUROASPIRE V registry. Eur J Prev Cardiol 2019;26:824–835.

3. Drummond GR, Vinh A, Guzik TJ, Sobey CG. Immune mechanisms of hyperten-
sion. Nat Rev Immunol 2019;19:517.

4. Guzik TJ, Skiba D, Touyz RM, Harrison DG. The role of infiltrating immune cells
in dysfunctional adipose tissue. Cardiovasc Res 2017;113:1009–1023.

5. Itani HA, McMaster WG Jr, Saleh MA, Nazarewicz RR, Mikolajczyk TP, Kaszuba
AM, Konior A, Prejbisz A, Januszewicz A, Norlander AE, Chen W, Bonami RH,
Marshall AF, Poffenberger G, Weyand CM, Madhur MS, Moore DJ, Harrison DG,
Guzik TJ. Activation of human T cells in hypertension: studies of humanized mice
and hypertensive humans. Hypertension 2016;68:123–132.

6. Loperena R, Van Beusecum JP, Itani HA, Engel N, Laroumanie F, Xiao L, Elijovich
F, Laffer CL, Gnecco JS, Noonan J, Maffia P, Jasiewicz-Honkisz B, Czesnikiewicz-
Guzik M, Mikolajczyk T, Sliwa T, Dikalov S, Weyand CM, Guzik TJ, Harrison DG.
Hypertension and increased endothelial mechanical stretch promote monocyte
differentiation and activation: roles of STAT3, interleukin 6 and hydrogen perox-
ide. Cardiovasc Res 2018;114:1547–1563.

7. Small HY, Migliarino S, Czesnikiewicz-Guzik M, Guzik TJ. Hypertension: focus on
autoimmunity and oxidative stress. Free Radic Biol Med 2018;125:104–115.

8. Masi S, D’Aiuto F, Deanfield J. Cardiovascular prevention starts from your
mouth. Eur Heart J 2019;40:1146–1148.

9. Tonetti MS, Jepsen S, Jin L, Otomo-Corgel J. Impact of the global burden of peri-
odontal diseases on health, nutrition and wellbeing of mankind: a call for global
action. J Clin Periodontol 2017;44:456–462.

10. 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 endothelial
function. N Engl J Med 2007;356:911–920.

11. Park SY, Kim SH, Kang SH, Yoon CH, Lee HJ, Yun PY, Youn TJ, Chae IH.
Improved oral hygiene care attenuates the cardiovascular risk of oral health dis-
ease: a population-based study from Korea. Eur Heart J 2019;40:1138–1145.

12. Aguilera E, Suvan J, Buti J, Czesnikiewicz-Guzik M, Ribeiro A, Orlandi M, Guzik
TJ, Hingorani A, Nart J, D’Aiuto F. Periodontitis and its treatment are associated
with Hypertension. A systematic review and Meta-analysis. Cardiovasc Res 2019.
in press.

13. Czesnikiewicz-Guzik M, Nosalski R, Mikolajczyk TP, Vidler F, Dohnal T,
Dembowska E, Graham D, Harrison DG, Guzik TJ. Th1-type immune responses
to Porphyromonas gingivalis antigens exacerbate angiotensin II-dependent hyper-
tension and vascular dysfunction. Br J Pharmacol 2019;176:1922–1931.

14. Davies NM, Holmes MV, Davey Smith G. Reading Mendelian randomisation stud-
ies: a guide, glossary, and checklist for clinicians. BMJ 2018;362:k601.

15. Munz M, Richter GM, Loos BG, Jepsen S, Divaris K, Offenbacher S, Teumer A,
Holtfreter B, Kocher T, Bruckmann C, Jockel-Schneider Y, Graetz C, Ahmad I,
Staufenbiel I, van der Velde N, Uitterlinden AG, de Groot L, Wellmann J, Berger
K, Krone B, Hoffmann P, Laudes M, Lieb W, Franke A, Erdmann J, Dommisch H,
Schaefer AS. Meta-analysis of genome-wide association studies of aggressive and
chronic periodontitis identifies two novel risk loci. Eur J Hum Genet 2019;27:
102–113.

16. Munz M, Willenborg C, Richter GM, Jockel-Schneider Y, Graetz C, Staufenbiel I,
Wellmann J, Berger K, Krone B, Hoffmann P, van der Velde N, Uitterlinden AG,
de Groot L, Sawalha AH, Direskeneli H, Saruhan-Direskeneli G, Guzeldemir-
Akcakanat E, Keceli HG, Laudes M, Noack B, Teumer A, Holtfreter B, Kocher T,
Eickholz P, Meyle J, Doerfer C, Bruckmann C, Lieb W, Franke A, Schreiber S,
Nohutcu RM, Erdmann J, Loos BG, Jepsen S, Dommisch H, Schaefer AS. A
genome-wide association study identifies nucleotide variants at SIGLEC5 and
DEFA1A3 as risk loci for periodontitis. Hum Mol Genet 2018;27:941–942.

17. Schaefer AS, Richter GM, Nothnagel M, Manke T, Dommisch H, Jacobs G, Arlt
A, Rosenstiel P, Noack B, Groessner-Schreiber B, Jepsen S, Loos BG, Schreiber
S. A genome-wide association study identifies GLT6D1 as a susceptibility locus
for periodontitis. Hum Mol Genet 2010;19:553–562.

18. Evangelou E, Warren HR, Mosen-Ansorena D, Mifsud B, Pazoki R, Gao H,
Ntritsos G, Dimou N, Cabrera CP, Karaman I, Ng FL, Evangelou M, Witkowska
K, Tzanis E, Hellwege JN, Giri A, Velez Edwards DR, Sun YV, Cho K, Gaziano JM,
Wilson PWF, Tsao PS, Kovesdy CP, Esko T, Magi R, Milani L, Almgren P, Boutin
T, Debette S, Ding J, Giulianini F, Holliday EG, Jackson AU, Li-Gao R, Lin WY,
Luan J, Mangino M, Oldmeadow C, Prins BP, Qian Y, Sargurupremraj M, Shah N,
Surendran P, Theriault S, Verweij N, Willems SM, Zhao JH, Amouyel P, Connell
J, de Mutsert R, Doney ASF, Farrall M, Menni C, Morris AD, Noordam R, Pare
G, Poulter NR, Shields DC, Stanton A, Thom S, Abecasis G, Amin N, Arking DE,
Ayers KL, Barbieri CM, Batini C, Bis JC, Blake T, Bochud M, Boehnke M,
Boerwinkle E, Boomsma DI, Bottinger EP, Braund PS, Brumat M, Campbell A,
Campbell H, Chakravarti A, Chambers JC, Chauhan G, Ciullo M, Cocca M,
Collins F, Cordell HJ, Davies G, de Borst MH, de Geus EJ, Deary IJ, Deelen J, Del
Greco MF, Demirkale CY, Dorr M, Ehret GB, Elosua R, Enroth S, Erzurumluoglu
AM, Ferreira T, Franberg M, Franco OH, Gandin I, Gasparini P, Giedraitis V,
Gieger C, Girotto G, Goel A, Gow AJ, Gudnason V, Guo X, Gyllensten U,
Hamsten A, Harris TB, Harris SE, Hartman CA, Havulinna AS, Hicks AA, Hofer
E, Hofman A, Hottenga JJ, Huffman JE, Hwang SJ, Ingelsson E, James A, Jansen R,
Jarvelin MR, Joehanes R, Johansson A, Johnson AD, Joshi PK, Jousilahti P, Jukema
JW, Jula A, Kahonen M, Kathiresan S, Keavney BD, Khaw KT, Knekt P, Knight J,
Kolcic I, Kooner JS, Koskinen S, Kristiansson K, Kutalik Z, Laan M, Larson M,
Launer LJ, Lehne B, Lehtimaki T, Liewald DCM, Lin L, Lind L, Lindgren CM, Liu
Y, Loos RJF, Lopez LM, Lu Y, Lyytikainen LP, Mahajan A, Mamasoula C, Marrugat
J, Marten J, Milaneschi Y, Morgan A, Morris AP, Morrison AC, Munson PJ, Nalls
MA, Nandakumar P, Nelson CP, Niiranen T, Nolte IM, Nutile T, Oldehinkel AJ,
Oostra BA, O’Reilly PF, Org E, Padmanabhan S, Palmas W, Palotie A, Pattie A,
Penninx B, Perola M, Peters A, Polasek O, Pramstaller PP, Nguyen QT, Raitakari
OT, Ren M, Rettig R, Rice K, Ridker PM, Ried JS, Riese H, Ripatti S, Robino A,
Rose LM, Rotter JI, Rudan I, Ruggiero D, Saba Y, Sala CF, Salomaa V, Samani NJ,
Sarin AP, Schmidt R, Schmidt H, Shrine N, Siscovick D, Smith AV, Snieder H,
Sober S, Sorice R, Starr JM, Stott DJ, Strachan DP, Strawbridge RJ, Sundstrom J,
Swertz MA, Taylor KD, Teumer A, Tobin MD, Tomaszewski M, Toniolo D,
Traglia M, Trompet S, Tuomilehto J, Tzourio C, Uitterlinden AG, Vaez A, van
der Most PJ, van Duijn CM, Vergnaud AC, Verwoert GC, Vitart V, Volker U,
Vollenweider P, Vuckovic D, Watkins H, Wild SH, Willemsen G, Wilson JF,
Wright AF, Yao J, Zemunik T, Zhang W, Attia JR, Butterworth AS, Chasman DI,
Conen D, Cucca F, Danesh J, Hayward C, Howson JMM, Laakso M, Lakatta EG,
Langenberg C, Melander O, Mook-Kanamori DO, Palmer CNA, Risch L, Scott
RA, Scott RJ, Sever P, Spector TD, van der Harst P, Wareham NJ, Zeggini E,
Levy D, Munroe PB, Newton-Cheh C, Brown MJ, Metspalu A, Hung AM,
O’Donnell CJ, Edwards TL, Psaty BM, Tzoulaki I, Barnes MR, Wain LV, Elliott P,
Caulfield MJ; Million Veteran Program. Genetic analysis of over 1 million people
identifies 535 new loci associated with blood pressure traits. Nat Genet 2018;50:
1412–1425.

19. Mancia G, De Backer G, Dominiczak A, Cifkova R, Fagard R, Germano G, Grassi
G, Heagerty AM, Kjeldsen SE, Laurent S, Narkiewicz K, Ruilope L, Rynkiewicz A,
Schmieder RE, Struijker Boudier HA, Zanchetti A, Vahanian A, Camm J, De
Caterina R, Dean V, Dickstein K, Filippatos G, Funck-Brentano C, Hellemans I,
Kristensen SD, McGregor K, Sechtem U, Silber S, Tendera M, Widimsky P,
Zamorano JL, Kjeldsen SE, Erdine S, Narkiewicz K, Kiowski W, Agabiti-Rosei E,
Ambrosioni E, Cifkova R, Dominiczak A, Fagard R, Heagerty AM, Laurent S,
Lindholm LH, Mancia G, Manolis A, Nilsson PM, Redon J, Schmieder RE,
Struijker-Boudier HA, Viigimaa M, Filippatos G, Adamopoulos S, Agabiti-Rosei E,
Ambrosioni E, Bertomeu V, Clement D, Erdine S, Farsang C, Gaita D, Kiowski
W, Lip G, Mallion JM, Manolis AJ, Nilsson PM, O’Brien E, Ponikowski P, Redon J,

Causal relationship between periodontitis and hypertension 11
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/advance-article-abstract/doi/10.1093/eurheartj/ehz646/5556904 by guest on 27 Septem
ber 2019



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.Ruschitzka F, Tamargo J, van Zwieten P, Viigimaa M, Waeber B, Williams B;
Management of Arterial Hypertension of the European Society of Hypertension;
European Society of Cardiology. 2007 Guidelines for the management of arterial
hypertension: the task force for the management of arterial hypertension of the
European Society of Hypertension (ESH) and of the European Society of
Cardiology (ESC). Eur Heart J 2007;28:1462–1536.

20. Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier M, Clement
DL, Coca A, de Simone G, Dominiczak A, Kahan T, Mahfoud F, Redon J, Ruilope
L, Zanchetti A, Kerins M, Kjeldsen SE, Kreutz R, Laurent S, Lip GYH, McManus
R, Narkiewicz K, Ruschitzka F, Schmieder RE, Shlyakhto E, Tsioufis C, Aboyans
V, Desormais I; ESC Scientific Document Group. 2018 ESC/ESH Guidelines for
the management of arterial hypertension. Eur Heart J 2018;39:3021–3104.

21. Page RC, Eke PI. Case definitions for use in population-based surveillance of peri-
odontitis. J Periodontol 2007;78(7 Suppl):1387–1399.

22. Eke PI, Page RC, Wei L, Thornton-Evans G, Genco RJ. Update of the case defini-
tions for population-based surveillance of periodontitis. J Periodontol 2012;83:
1449–1454.

23. Mikolajczyk TP, Osmenda G, Batko B, Wilk G, Krezelok M, Skiba D, Sliwa T,
Pryjma JR, Guzik TJ. Heterogeneity of peripheral blood monocytes, endothelial
dysfunction and subclinical atherosclerosis in patients with systemic lupus erythe-
matosus. Lupus 2016;25:18–27.

24. Wilk G, Osmenda G, Matusik P, Nowakowski D, Jasiewicz-Honkisz B, Ignacak A,
Czesnikiewicz-Guzik M, Guzik TJ. Endothelial function assessment in atheroscler-
osis: comparison of brachial artery flowmediated vasodilation and peripheral ar-
terial tonometry. Pol Arch Med Wewn 2013;123:443–452.

25. Maga P, Mikolajczyk TP, Partyka L, Siedlinski M, Maga M, Krzanowski M,
Malinowski K, Luc K, Nizankowski R, Bhatt DL, Guzik TJ. Involvement of CD8þ
T cell subsets in early response to vascular injury in patients with peripheral ar-
tery disease in vivo. Clin Immunol 2018;194:26–33.

26. Verbanck M, Chen CY, Neale B, Do R. Detection of widespread horizontal plei-
otropy in causal relationships inferred from Mendelian randomization between
complex traits and diseases. Nat Genet 2018;50:693–698.

27. Yavorska O, Burgess S. MendelianRandomization: an R package for performing
Mendelian randomization analyses using summarized data. Int J Epidemiol. 2017;
46:1734–1739.

28. D’Aiuto F, Gkranias N, Bhowruth D, Khan T, Orlandi M, Suvan J, Masi S, Tsakos
G, Hurel S, Hingorani AD, Donos N, Deanfield JE; TASTE Group. Systemic
effects of periodontitis treatment in patients with type 2 diabetes: a 12 month,
single-centre, investigator-masked, randomised trial. Lancet Diabetes Endocrinol
2018;6:954–965.

29. Mansoor GA. Ambulatory blood pressure monitoring in clinical trials in adults
and children. Am J Hypertens 2002;15:38S–42S.

30. Osmenda G, Maciag J, Wilk G, Maciag A, Nowakowski D, Loster J, Dembowska
E, Robertson D, Guzik T, Czesnikiewicz-Guzik M. Treatment of denture-related
stomatitis improves endothelial function assessed by flow-mediated vascular dila-
tion. Arch Med Sci 2017;13:66–74.

31. Symplicity H, Esler MD, Krum H, Sobotka PA, Schlaich MP, Schmieder RE, Bohm
M. Renal sympathetic denervation in patients with treatment-resistant hyperten-
sion (The Symplicity HTN-2 Trial): a randomised controlled trial. Lancet 2010;
376:1903–1909.

32. Dustin Tingley D, Yamamoto T, Hirose K, Keele L, Imai K. mediation: r package for
causal mediation analysis. J Stat Softw 2014;59:1–38. http://www.jstatsoft.org/v59/i05/.
Accessed on 5 June 2019.

33. Imai K, Keele L, Tingley D. A general approach to causal mediation analysis.
Psychol Methods 2010;15:309–334.

34. Youn JC, Yu HT, Lim BJ, Koh MJ, Lee J, Chang DY, Choi YS, Lee SH, Kang SM,
Jang Y, Yoo OJ, Shin EC, Park S. Immunosenescent CD8þ T cells and C-X-C

chemokine receptor type 3 chemokines are increased in human hypertension.
Hypertension 2013;62:126–133.

35. Nibali L, Bayliss-Chapman J, Almofareh SA, Zhou Y, Divaris K, Vieira AR. What is
the heritability of periodontitis? A systematic review. J Dent Res 2019;98:
632–641.

36. Vollmer WM, Appel LJ, Svetkey LP, Moore TJ, Vogt TM, Conlin PR, Proschan M,
Harsha D; DASH Collaborative Research Group. Comparing office-based and
ambulatory blood pressure monitoring in clinical trials. J Hum Hypertens 2005;19:
77–82.

37. 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 endo-
thelial microparticles in patients with prehypertension and periodontitis: a
randomized controlled trial. J Periodontol 2017;88:711–722.

38. Law MR, Morris JK, Wald NJ. Use of blood pressure lowering drugs in the pre-
vention of cardiovascular disease: meta-analysis of 147 randomised trials in the
context of expectations from prospective epidemiological studies. BMJ 2009;
338:b1665.

39. Pietropaoli D, Del Pinto R, Ferri C, Wright JT Jr, Giannoni M, Ortu E, Monaco A.
Poor oral health and blood pressure control among US hypertensive adults:
results from the national health and nutrition examination survey 2009 to 2014.
Hypertension 2018;72:1365–1373.

40. Tsioufis C, Thomopoulos C, Soldatos N, Syrseloudis D, Kasiakogias A, Silvestros
S, Stefanadi E, Mostratou E, Stefanadis C. The conjoint detrimental effect of
chronic periodontal disease and systemic inflammation on asymmetric dimethyl-
arginine in untreated hypertensive subjects. Atherosclerosis 2010;208:258–263.

41. Pink C, Kocher T, Meisel P, Dorr M, Markus MR, Jablonowski L, Grotevendt A,
Nauck M, Holtfreter B. Longitudinal effects of systemic inflammation markers on
periodontitis. J Clin Periodontol 2015;42:988–997.

42. Norlander AE, Madhur MS, Harrison DG. The immunology of hypertension.
J Exp Med 2018;215:21–33.

43. Guzik TJ, Hoch NE, Brown KA, McCann LA, Rahman A, Dikalov S, Goronzy J,
Weyand C, Harrison DG. Role of the T cell in the genesis of angiotensin II
induced hypertension and vascular dysfunction. J Exp Med 2007;204:2449–2460.

44. Kossmann S, Schwenk M, Hausding M, Karbach SH, Schmidgen MI, Brandt M,
Knorr M, Hu H, Kroller-Schon S, Schonfelder T, Grabbe S, Oelze M, Daiber A,
Munzel T, Becker C, Wenzel P. Angiotensin II-induced vascular dysfunction
depends on interferon-gamma-driven immune cell recruitment and mutual acti-
vation of monocytes and NK-cells. Arterioscler Thromb Vasc Biol 2013;33:
1313–1319.

45. Madhur MS, Lob HE, McCann LA, Iwakura Y, Blinder Y, Guzik TJ, Harrison DG.
Interleukin 17 promotes angiotensin II-induced hypertension and vascular dys-
function. Hypertension 2010;55:500–507.

46. Manhiani MM, Seth DM, Banes-Berceli AK, Satou R, Navar LG, Brands MW. The
role of IL-6 in the physiologic versus hypertensive blood pressure actions of
angiotensin II. Physiol Rep 2015;3:e12595.

47. Mirhafez SR, Mohebati M, Feiz Disfani M, Saberi Karimian M, Ebrahimi M, Avan
A, Eslami S, Pasdar A, Rooki H, Esmaeili H, Ferns GA, Ghayour-Mobarhan M,
Ghayour-Mobarhan M. An imbalance in serum concentrations of inflammatory
and anti-inflammatory cytokines in hypertension. J Am Soc Hypertens 2014;8:
614–623.
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