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Extended 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 using genetic 

variation as a natural experiment. Growing number of 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. There are three key assumptions that MR analysis must meet to be valid:1. 

Relevance – selected SNPs associate with the risk factor, 2-Independence – lack of 

unmeasured confounders of the association between SNP and the outcome 3. Exclusion 

restriction-SNPs affect the outcome exclusively via their effect on selected risk factor 1. 

Several statistical tests were developed in order to provide valid estimates of MR analysis. 

Inverse variance weighted method provides unbiased results when the 3rd assumption is met 

i.e. no horizontal pleiotropic variants are included in the analysis. Horizontal pleiotropy occurs 

when a genetic variant affects hypertension both through periodontitis and mechanisms 

other than periodontitis.   Since it is often difficult to ensure lack of horizontal pleiotropic 

variants in the study, other methods are often used. For example, median-based methods 

proved valid estimates when at least half of the tested variants have no pleiotropic effects 1. 

A recently developed Mendelian randomization pleiotropy residual sum and outlier (MR-

PRESSO) test aims to identify pleiotropic variants in order to correct results of MR analysis 

accordingly 2. 

 

A two-sample mendelian randomization (MR) analysis was performed to investigate a causal 

link between periodontitis and blood pressure. Four SNPs, in LOC107984137 (rs729876), 

MTND1P5 (rs16870060), DEFA1A3 (rs2738058) and SIGLEC5  (rs4284742) loci, previously 

associated  (with p value <5x10-8)  with periodontitis in GWAS 3, 4, were used as instrumental 

variables (IVs) in Mendelian Randomization analysis. These SNPs, were then used as a 

periodontitis’ exposure proxy, which were then tested in the context of blood pressure 

phenotypes. A palindromic rs1537415 SNP in GLT6D1, associated with periodontitis in GWAS 

as well 5, was excluded from the analysis due to high allele frequency as well as due to the 
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lack of proxy SNPs in Caucasians. For rs1537415 strand and allele alignment were deemed 

unreliable between different studies (i.e. original GWAS for periodontitis and ICBP+UK 

Biobank GWAS for blood pressure traits).  

   

GWAS data on blood pressure, performed by Evangelou et al. 6 from UK-Biobank and ICBP-

GWAS (including ~750,000 participants), were used to extract estimates of association 

between IVs and systolic, diastolic blood pressure (SBP, DBP) and pulse pressure (PP). As 

indicated in the original studies, off-treatment blood pressure values for treated individuals 

were imputed by adding 15mmHg to measured SBP and 10mmHg to measured DBP for all 

treated individuals.  6, 7 

 
Randomized Clinical Trial  

We performed a single-center, parallel-group, randomized study to assess the effect of 

intensive non-surgical periodontal therapy (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 months follow-up. Consecutive patients from general dental 

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 criteria 8, were receiving stable treatment using at least 1 anti-

hypertensive agent, since at least 6 months, and had an office blood pressure of >140/90 

mmHg at the time of visit (average of at least 3 resting measurements) 9 were enrolled into 

the study if they also presented with moderate to severe periodontitis (using the CDC–AAP 

case definitions) 10, 11. In brief, moderate periodontitis was defined as ≥2 interproximal sites 

with AL ≥4 mm (not on same tooth), or ≥2 interproximal sites with PD ≥5 mm (not on same 

tooth)and severe periodontitis as≥2 interproximal sites with AL ≥6 mm (not on same tooth) 

and ≥1 interproximal site with PD ≥5 mm Exclusion criteria included acute and major chronic 

inflammatory/immune disorders including autoimmune conditions, infections (including 

tuberculosis, HIV, hepatitis B and C), pulmonary, liver diseases and malignancies (within the 

last 5 years) and assessed by the examining clinician. Patients who had received treatment 

with medications known to affect periodontal status were also excluded (phenytoin and 

ciclosporin). Patient with furcation involvement were also excluded. Patients using any form 
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of systemic or local immunosuppression (including 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 were first screened for 

office blood pressure as well as full dental examination for inclusion into the study. Secondly, 

the 1st study visit (baseline) occurred within 3-14 days from the patient identification visit. At 

baseline, ambulatory 24h blood pressure monitoring (ABPM), blood samples collection and 

vascular function assessment were undertaken. ABPM was removed 24 hours 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 

opaque envelope that was opened on the day of treatment by the treating physician. All other 

investigators, including cardiovascular physicians, blood pressure nurses, laboratory staff as 

well as staff involved in data collection and analysis remained masked to the treatment 

allocation.  

IPT consisted of a single session of whole mouth supragingival and subgingival scaling of the 

teeth under local anesthesia 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 followed up the next day, 7-10 days later 

and 2 months after the dental treatment session. Full dental examination and cardiovascular 

assessments were repeated 2 months after therapy. At the end of the study patients with CPT 

received subgingival dental scaling as required. None of the patients in the study required 

additional session of dental treatment during the study.  Patient’s report of their drug 

adherence was recorded  during each visit. Patients were asked to bring their medications to 

each visit and were carefully interviewed regarding adherence. Patient anti-hypertensive 

medications were provided as standard of care. Any change of medication/dosage resulted 

in exclusion from the study and this happened in 2 patients (4%) in intensive group and 3 

patients (5.8%) in conventional therapy group in patients who were subsequently lost to 

follow-up. In summary, no difference in adherence was observed using this approach. 

Average 24h ambulatory blood pressure 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 
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participants provided written informed consent prior to being enrolled into the study The 

study was registered with ClinicalTrials.gov - NCT02131922 

 

Office and 24h ABPM determination 

Office blood pressure was measured using Omron M digital blood pressure monitor by a 

blood pressure clinic nurse. Three measurements after resting in a quiet and temperature-

controlled room were performed and average was recorded. ABPM was performed using 

Spacelabs Ultralite 90217 devices in accordance with manufacturer recommendations and in 

agreement with current ESC/ESH Guidelines.9 ABPM was analyzed by a central ABPM lab of 

the Department of Internal Medicine, J Dietl Hospital in Krakow, Poland. Technicians as well 

as investigators analyzing the results were blinded to study group allocation and had no 

contact with patients.  

 

Vascular Function Assessment 

Flow-mediated dilatation (FMD) of the brachial artery was used to determine the vascular 

endothelial function and NMD (nitroglycerine-mediated dilatation) was used for measuring 

endothelial-independent vasodilatation. Analysis was performed analyzed using Vascular 

Tools 5 software by 2 independent vascular technicians masked to the treatment allocation 

and as previously described.12, 13  

 

Flow cytometric analysis 

Blood samples were collected from patients into ethylenediaminetetraacetic acid (EDTA) 

tubes (BD Vacutainer). Whole blood was centrifuged to separate plasma, then Peripheral 

blood mononuclear cells (PBMC) were isolated by standard gradient centrifugation using 

Lymphocyte Separation Medium (LSM) 1077 (PAA Laboratories GmbH, Austria). PBMCs were 

further suspended in phosphate-buffered saline (PBS) containing 1% heat-inactivated fetal 

bovine serum (FBS) (Gibco, Life Technologies, USA) and were used immediately after 

isolation. A total of 0.5x106 PBMCs were stained for 20 minutes with fluorochrome-

conjugated monoclonal antibodies. The following monoclonal antibodies were used: anti-

CD3-PerCP (clone SK7), anti-CD4-APC (clone SK3), anti-CD4-PE-Cy7 (clone SK3), anti- CD8-APC-

H7 (clone SK1), anti-CD25-PE (clone M-A251), anti-CD28-APC (clone CD28.2), anti-CD38-APC 

(clone HIT2), anti-CD45RA-FITC (clone L48), anti-CD45RA-PE (clone HI100), anti-CD45RO-PE 
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(clone UCHL-1), anti-CD69-FITC (clone FN50), anti-CD57-FITC (clone NK-1), anti-CD195-PE-Cy7 

(clone 2D7/CCR5), anti-CD197-PE-Cy7 (clone 3D12), anti-TCRa/b-FITC (clone T10B9.1A-31), 

anti-TCRg/d-PE (clone11F2), anti-CD14-APC-H7 (clone MΦP9), anti-CD16-PE (clone 3G8), anti-

CD11b/Mac-1-Pacific Blue (clone ICRF44), anti-CD11c-APC (clone B-LY6), anti-human 

leukocyte antigen (HLA)-DR-PE-Cy7 (L243) (BD, Pharmingen, CA, USA). After staining, cells 

were washed twice with PBS containing 1% FBS. Cells were processed in the FACS Canto II or 

the FACSVerse flow cytometer (Becton Dickinson, CA, USA) and analyzed using FlowJo 

software (TreeStar, USA). Lymphocytes were gated according to forward scatter (FSC) and 

side scatter (SSC) signals from PBMC and T cells were gated according CD3 expression. 

Percentages of CD4, CD8, and Double Negative T cells (DN-T) were assessed. Each of the 

subpopulations was next analyzed for presence of naïve (CD45RA+CCR7+), central memory 

(CD45RA-CCR7+), effector memory (CD45RA-CCR7-) and CD45RA+ effector (CD45RA+CCR7-) 

cells. In T cells and their subsets the expressions of surface activation markers were then 

assessed. A panel of circulating blood cell features was performed using FACSVerse flow 

cytometer (Becton Dickinson, CA, USA) and FlowJo software (TreeStar, USA) as previously 

described 12, 14-16. In brief, lymphocytes were gated according to forward scatter (FSC) and 

side scatter (SSC) signals from PBMC and T cells were gated according CD3 expression. 

Percentages of CD4, CD8, and Double Negative T cells (DN-T) were assessed. Next, each of 

the subpopulations was analysed for presence of naïve (CD45RA+CCR7+), central memory 

(CD45RA-CCR7+), effector memory (CD45RA-CCR7-) and CD45RA+ effector (CD45RA+CCR7-) 

cells. In T cells and their subsets, the expressions of surface activation markers were then 

assessed. Monocytes were gated according to forward scatter (FSC) and side scatter (SSC) 

signals as described previously  12, 14, 15. Subsequently, cells were gated in an HLA-DR/CD14 

plot to exclude HLA-DR-negative Natural Killer cells. Finally, monocyte subsets were defined 

according to the CD14 and CD16 expression, which allowed for discrimination of major 

monocyte subpopulations: CD14++CD16−, CD14++CD16+ and CD14+CD16++. Fluorescence 

Minus One (FMO) controls were used to determine the positivity of evaluated antigens. Data 

were visualized using FlowJo and heat map plots generated by ClustVis software 17.   
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Antibody conjugated with 
fluorochrome 

 
Clone Company 

CD3-PerCP 
 

SK7 
 

BD Pharmingen 

CD4-APC 
 

SK3 
 

BD Pharmingen 

CD4-PE-Cy7 
 

SK3 BD Pharmingen 

CD8-APC-H7 
 

SK1 
 

BD Pharmingen 

CD25-PE 
 

M-A251 BD Pharmingen 

CD28-APC CD28.2 
 

BD Pharmingen 

CD38-APC HIT2 
 

BD Pharmingen 

CD45RA-FITC 
 

L48 
 

BD Pharmingen 

CD45RA-PE 
 

HI100 BD Pharmingen 

CD45RO-PE 
 

UCHL-1 
 

BD Pharmingen 

CD69-FITC 
 

FN50 BD Pharmingen 

CD57-FITC 
 

NK-1 BD Pharmingen 

CD195-PE-Cy7 
 

2D7/CCR5 
 

BD Pharmingen 

CD197-PE-Cy7 
 

3D12 BD Pharmingen 

TCR a/b-FITC 
 

T10B9.1A-31 
 

BD Pharmingen 

TCR g/d-PE 
 

11F2 BD Pharmingen 

CD14-APC-H7 
 

MΦP9 
 

BD Pharmingen 

CD16-PE 3G8 
 

BD Pharmingen 

CD11B/Mac-1-Pacific Blue 
 

ICRF44 BD Pharmingen 

CD11c-APC 
 

B-LY6 
 

BD Pharmingen 

HLA-DR- PE-Cy7 
 

L243 BD Pharmingen 
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Plasma cytokine measurements 

Blood samples were centrifuged at 400 xg for 10 min. Then, platelet-rich plasma was collected 

and centrifuged at 1000 xg for 15 min at 4°C. Next, plasma sample without any pelleted cells 

were collected and stored at -80°C until analysis. Samples were analyzed for IFN-γ, IL-1β, IL-

6, IL-10, IL-17A, IL-17E, IL-23, IL-33, MIP-3α/CCL20 and TNF-α 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) 2. Additional causal estimation analyses were performed using inverse 

variance-weighted (IVW), and simple median-based methods using MendelianRandomization 

package in R (ver. 3.5.1). 18 

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 blood pressure between study 

groups and a 13 mmHg standard deviation of the change in systolic blood pressure 19-22. All 

the analyses were performed on the basis of the intention-to-treat principle, per protocol 

analyses for the outcomes reported are included. Means and 95% confidence intervals (95% 

C.I.)of continuous variables are presented according to treatment groups. Categorical 

variables counts and percentages are presented according to the treatment group and 

values were tested using chi-square test. In the discovery analyses cytokines and cell types 

were compared using paired t test for each of the treatment groups separately. Between 

group differences and differences from baseline to two-months follow up were tested with 

the use of repeated measures ANOVA with interaction term between group and time 

defined by 2 visits. We used one sided tests for analysis of cytokines and cell types based on 

hypothesis from previous studies 19. Correlation analyses between the blood pressure 

outcomes and changes in dental parameters were performed using Spearman Rank tests. 

Mediation analysis was performed using mediation package in R 23, 24and tested average 

causal mediation effect of treatment group on change in SBP that is due to the change in 

PPD. P values < 0.05 were considered significant. 
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Suppl. Table 1: Characteristics of SNPs selected as instrumental variables for Mendelian Randomization analysis 
 

SNP Locus EA NEA 

EAF 
ICBP+
UKB 

SBP DBP PP Periodontitis Ref 

Beta SE p Beta SE p Beta SE p 
OR 95% C.I. Nca/ 

Ncon 
EAF  

rs729876 
LOC 
107984137 T C 0.80 0.029 0.038 4.49E-01 0.005 0.022 8.06E-01 0.031 0.026 2.2E-01 

1.24 1.15 
1.34 

5095/ 
9908 

0.79-
0.80* 

3 

rs4284742 SIGLEC5 A G 0.24 -0.059 0.037 1.09E-01 -0.022 0.021 2.94E-01 -0.032 0.025 2.1E-01 
0.75 0.68 

0.83 
2027/ 
8330 

0.24 25 

rs16870060 MTND1P5 T G 0.09 -0.054 0.053 3.02E-01 -0.027 0.030 3.63E-01 -0.018 0.036 
6.1E-
0.1 

0.74 0.66 
0.81 

4924/ 
7301 

0.09-
0.11* 

3 

rs2738058 DEFA1A3 T C 0.44 0.044 0.031 1.53E-01 0.018 0.018 2.94E-01 0.030 0.021 
1.5E-
0.1 

1.28 1.18 
1.38 

2067/ 
8533 

0.43 25 

 
EA=effect allele; NEA=non-effect allele, EAF=effect allele frequency; Nca=number of cases; Ncon=number of control subjects;  
*range of EAF in control subpopulations 
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Supplementary Table 2. Activity (daytime) and Night average blood pressure phenotypes at baseline and 2 months after 
treatment. * p<0.05 vs Baseline 
 
 

  

CPT IPT 

  Baseline 2-months Baseline 2-months 
Ac

tiv
ity

 SBP 135.5±15.8 139.2±19.4 138.66±13.63 132.80±10.33* 

DBP 82.8±9.7 84.8±10.8 87.54±8.76 84.20±8.80* 

PP 51.7±10.8 54.5±13.2 50.02±8.69 47.75±6.19* 

N
ig

ht
 SBP 119.2±17.6 123.7±20.3 122.76±15.98 115.52±11.15* 

DBP 70.2±11.1 72.2±11.9 73.42±10.03 69.83±7.95* 

PP 48.9±9.8 51.6±12.4 47.78±8.75               45.23±7.61 
 
 
 
 
 
  



 11 

 
 
 
 
 
 

 
 
Suppl Figure S1. Effect sizes for each of the SNP genetic associations studied using Mendelian Randomization. Depicted points correspond to 
4 SNPs used in MR analysis, i.e. from the most negative periodontitis Beta estimate (left to right): rs16870060 (effect allele=T), rs4284742 (A), 
rs729876 (T), rs2738058 (T) respectively. 
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Suppl Figure S2. Effects of conventional (CPT) and intensive periodontal therapy (IPT) on vascular function. Changes of endothelium 
dependent (Panel A) and endothelium independent (Panel B) vasorelaxations between baseline and 2 months following CPT or IPT are 
reported as mean +/- 95% CI along with difference in change between randomization groups (with 95% CI).   
 
 
 

Change from baseline
+2.4 (95C.I. 1.4- 3.4) %

P<0.001

Change from baseline
+0.7 (95C.I. 0.04- 1.5) %

P=0.09

Difference in change:  -1.72 % (95% C.I. -3.1- -0.4) 
P=0.01
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Suppl Figure S4. Subgroup analysis of the effects of CPT and IPT on systolic blood pressure in relation to baseline characteristics. Baseline 
characteristics included age, sex, BMI as well as periodontal status (PPD, CAL and CIPTN) and number of anti-hypertensive medications used. 
Patients were divided into subgroups according to median values. 

0.03

Baseline characteristics CPT
n

IPT
n

Age ≥ 58 yrs 28 20

Age < 58 yrs 18 25

Males 27 25

Females 19 20

BMI > 28.3 24 22

BMI < 28.3 22 23

PPD ≥ 3.02 mm 23 23

PPD < 3.02 mm 23 22

CAL > 3.6 mm 24 21

CAL ≤ 3.6 mm 22 24

CPITN > 3.3 25 19

CPITN ≤ 3.3 21 26

a/h medications used > 2 18 17

a/h medications used ≤ 2 28 28

0.20

0.09

0.87

0.60

0.67

0.19

P value 
for interaction
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