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Abstract

Aim: To asse association between peri-implantitis and cardiovascular diseases (CVD).

I
Methods: SS patients with dental implants were recruited to evaluate the prevalence of peri-

implantitis iggpatignts with or without CVD (Cases, n=82, Controls, n=46, respectively). Diagnosis of
peri-implangitis followed the 2017 World Workshop guideline and the severity was defined as mild,

moderate, and re form when the radiographic bone loss (RBL) was < 2mm, 2-4mm, and >4 mm.
Multivaria isfic regression was performed to test the association between two diseases.

Results: Aﬂgher prevalence of peri-implantitis defined by detectable RBL beyond the

physiologi odeling was found in the “Cases” group (64.6%) when compared to the

“Controls” A significant higher prevalence (48.8%) of moderate to severe peri-implantitis
was identi ses” compared to “Controls”(30.4%) with a significant crude association
betwee to severe peri-implantitis and CVD (odds ratio= 2.18, 95% Cl= 1.02 to 4.67,

p=0.04). The C oup had a trend of higher prevalence of deep pockets (> 7mm) and higher

numbe h bleeding upon probing (BOP) (> 66%) when compared to “Controls” (p> 0.05).

However, after controlling for multiple confounders including age, hypertension, smoking, family

-
O

history of ck, and periodontitis, the significant association was not found.

Conclusion oup had significantly higher prevalence of moderate to severe peri-implantitis
(RBL > sociation between the two diseases did not exist after controlling multiple
confouW. Future studies with a larger sample size controlling for the patient- and
implant-re founders are needed to better understand the link between peri-implantitis and
cardiovasc isgase.

<
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INTRODUCTION

H
Peri-implang been exhaustively investigated in contemporary dentistry. A variety of risk
indicators mantitis has been identified, including its association with systemic conditions,
but thisgpotemtiah@ssociation remains unclear (other than diabetes)". It is characterized by the
inflammatiw the peri-implant mucosa following plaque accumulation and the subsequent
progressiv négss . Mirroring gingivitis, peri-implant mucositis preceding peri-implantitis
presents w issue inflammation without corresponding bone loss after physiologic
remodelinmxease entities are collectively considered as the peri-implant diseases, a
biological ¢ lig&tion surrounding dental implants and the collateral restorative components”. An
unanimity of the pgevalence of peri-implantitis in the scientific literature is still lacking as a result of

varying ca ions®, namely the different cut-off threshold of bone loss. Correspondingly, a

recent sys atic review pointed out the wide variety of the prevalence of peri-implantitis as 1% to
47%, with

(O

Cardio r diseases (CVD) are the leading cause among the non-communicable diseases (NCD)
for global di rden (one-third of the total mortality, 45% of NCD-induced mortality)’. In the US

CVD is the leading cause of death, and it also creates the highest medical

relationship between the prevalence and threshold of bone loss®.

popula

expenditures and social burden among the age-related chronic conditions®°. The term "Total

stroke, congenital heart disease, rhythm disorders, subclinical atherosclerosis,

Cardiovaschase" is employed by the American Heart Association (AHA) to describe collective
conditions j
a

coronary h se (CHD), heart failure, valvular disease, venous diseases, and peripheral

diseasi.TEecent statistical report disclosed the high prevalence of 48% overall and 9% when
hypertemsiomi uded (CHD, heart failure, and stroke only) among US adults™.
CVD has b:i to periodontitis based on epidemiological evidence™. The evidence suggests a

sm linking severe periodontitis to CVD through bacteremia and the subsequent

biological

mounti ic inflammatory burden™. Similar to periodontitis, the chronic inflammation around

13-15 16,17 I

dental implants harbors pathogenic bacteria and increased pro-inflammatory cytokines n
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light of the potential significant inflammatory burden around implants with severe inflammation or
at multiple sites, it was hypothesized in the current investigation that chronic inflammation at peri-
implantWht induce low-grade systemic inflammation and increase the risk for developing
cardiovasc ase via a potential infectious axis similar to that between periodontitis and CVD.
The associmn two diseases was never investigated before, hence, the aim of this study
was to explenesthesrelationship between peri-implantitis and CVD and potential background

confounde

MATERIAL THODS

USCTI

- Study Population

dFf

This stu was approved by the Institutional Review Board at the University of Michigan

(HUMO00130 d conducted from April 2018 until June 2020 at the Department of Periodontics

and Or School of Dentistry in collaboration with the Frankel Cardiovascular Center,
Michigan Medicine. Screening process were described in the Supplementary Appendix 1. Participants

with the foSwing criteria were included: (a) age > 25 years old, (b) subjects have at least one

implant in fupgction = 6 months, (c) no known episode of peri-implant infection causing significant

implant restorations within the past year, (e) Participants enrolled in the "controls" non-CVD group

abscess or lling within the past year, (d) no known mechanical complications affecting the
were thos@iwithout any established CVD diagnosis, (f) Participants enrolled in the "Cases" CVD group
were thoswith a'established diagnosis of CVD or atherosclerotic cardiovascular diseases (ASCVD)
including coronary heart disease, cerebrovascular disease, and peripheral artery disease after
implant placemenf)and those who had received interventions to prevent a subsequent CVD event or

with a history of as@ardiovascular event (myocardial infarction, stroke, stable or unstable angina,

The diagnosis of CVD was assigned by cardiologists at the Frankel Cardiovascular Center based on

This article is protected by copyright. All rights reserved.



findings of ischemic changes in the electrocardiogram (ECG), findings in coronary angiography, or a
history of a previous CVD event proved by the medical records. The subjects with the following
conditinuded: (a) head/neck radiotherapy, chemotherapy, or immunosuppressed
therapy in 6 months (b) pregnant or lactating female (c) > 2 weeks use of antibiotics in the
past three matients taking medications known to modify the bone metabolism (e.g., IV
bisphosphomatesmiong-term use of corticosteroids or hormone replacement therapy) (e) drug

addiction

[

intoxication (f) treatment for peri-implantitis in the past 3 months. All subjects

recruited tmical assessment/data collection (one-time appointment) were phone-

interviewe ¥ d confirmed that they had at least one implant placed before they were

diagnosed

US

- Clinical a graphic assessment/Data collection

The healthfffis as acquired by a constructed questionnaire including age, sex, ethnicity, BMI,

dll

diagnosis of Ty diabetes mellitus (T2DM), hypertension, dyslipidemia, osteoporosis, rheumatoid
arthritis; er major diseases. Lifestyles including smoking (pack/day and years of cessation) and

alcohol con n (units/week) were documented. The medication list and the family medical

\

history corded. The questionnaires were administered orally and confirmed study
subjects fully understood the questions. Physical assessments were performed, including pulse,
blood pres extra-/intra-oral exam. Fasting glucose level (mg/dl) was collected using

glucomete egorized to reflect glycemic control at the time of visit, including < 100 (normal),

ol

100-125 (pregi es), 126-153 (well-controlled), 154-183 (moderate-controlled), and > 183 (poor-

controlled )i samples were collected to evaluate the lipid profile, including total cholesterol

i

(TC), tri G), low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein

L

cholest . With the lipid profile acquired, metabolic syndrome, 10-year ASCVD risk, and

the stages metabolic disease were assessed. The collection procedures and laboratory/data

U

analyses a ed in the Supplementary Appendix 2.

A
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The dental history was recorded, including the number of remaining teeth, frequency of supportive
periodontal therapy (SPT), the time of implant insertion, implant locations, and history of treating
peri—ide on the electronic dental records at the University of Michigan, School of
Dentistry o ed with subject's private dentists. All the implants and remaining natural teeth
were evalu&ography using long-cone paralleling techniques. The bone loss apical to the
most camo naimpentien of the intraosseous part of implant or the anticipated level after initial bone
remodelinMasured in millimeters to the first visible bone-to-implant contact (BIC) using in-
house softwre Wghe implant with the most severe bone loss was identified as the "most diseased"
implant an d in the final analysis if more than one implant were present. As a result, implant
conditionsmded into two subgroups, including healthy and peri-implantitis. In the subgroup
of peri-imp ti®)the time of peri-implantitis onset (the first evidence of radiographic bone loss
beyond initial bort@ remodeling) was evaluated by the past history of radiographs in the electronic
dental rec e University of Michigan or private practice in order to test the hypothesis of the

current inv@stigation. Subjects with peri-implantitis being observed after the diagnosis of CVD or

with unkn ry were excluded from the final analysis. Clinical assessments were recorded at 6
sites aroun@'t ost diseased" (tested) implant, including peri-implant probing pocket depth
(PPD), clinical a ment level (CAL) with the reference of implant crown margin, bleeding upon

probin +/-), suppuration (+/-), modified plaque index (modPI) (0, 1, 2, 3), and modified
gingival ind 1) (0, 1, 2, 3)"™. The implant-related characteristics of the tested implant (e.g.,
implan surface type, implant diameter and length, bone/tissue level, connection and

restoration type, years of restoration, and opposing dentition status) and the total number of
diseased ih the whole mouth were documented. A full-mouth periodontal chart was
obtained t PD, CAL, BOP, furcation involvement, and mobility. All assessments were made

by one self* ed examiner with an inter-examiner reliability of x 0.82.

- Diagnoanlantitis and periodontitis

Following t elines of 2017 World Workshop on the classification of periodontal and peri-
implant and conditions®?°, the peri-implant health was defined by the absence of soft

tissue inflammation and the absence of additional bone loss. Peri-implant mucositis was diagnosed

This article is protected by copyright. All rights reserved.
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when peri-implant signs of inflammation (redness, swelling, BOP within 30 seconds following
probing) were present without bone loss. Per-implantitis was diagnosed when there was baseline
radiograMwhere bone loss is detectable beyond initial bone remodeling, exceeding the
measurem (mean 0.5 mm), in combination with an increased PPD, BOP, and/or
suppuratiomence of a baseline radiograph, = 3 mm of radiographic bone loss (RBL) was
identified asmeemismnplantitis. To discern the inflammatory burden of peri-implantitis, the severity of

peri—implarm classified in the current study as mild (RBL: detectable to 2mm), moderate (RBL
2-4 mm), a@e (RBL >4 mm) peri-implantitis based on the previous investigations*" **.

Periodontimremaining natural teeth was diagnosed where > 2 non-adjacent teeth presented
with interdenta or buccal CAL >3 mm with PD >3 mm at 2 2 teeth except for gingival recession
or caries. S nd grading®® were included in the stratified analysis to evaluate the impact of

periodontg sease severity on the systemic inflammatory burden concomitant with the peri-

implant di nly one area (adjacent teeth) presented with interdental CAL or teeth with

periodontm/remission, the case was categorized as "periodontally healthy".

An unmatcL-controI study design with a pre-determined case-to-control ratio (2:1) was
implemen on the previous studies, the prevalence of peri-implantitis (defined by

24, 25,22

detectable s) in the "Controls" group was assumed to be 40% . With a hypothetical

peri-imm 67% in "Cases" group, a power calculation to satisfy the two-tailed confidence
level of ower of 80% was performed to acquire a sample size of 134 (89 "Cases" and 45
“ControlH)enEpi, version 3 calculator. All the categorical variables were reported as

frequency Eercentage (%). All the quantitative variables were reported as means and

standard d . Continuous parameters were analyzed using the student's t-test or Mann-
Witney de on the normality test. Multivariable logistic regression with a hierarchical
modelli sed to evaluate the adjusted odds ratio (ORs) of the association between peri-

implantitis and CVD. The demographic variables were entered, followed by systemic-, oral health-
10
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related, and implant-related variables into the univariate regression hierarchically. Confounding
variables contributing to the significant explanatory power by p value < 0.05 in the univariate

anaIysiswed in the final logistic regression model. Sensitivity analyses of different CVD
categories | gression model were performed. Additional stratified analyses were performed
to evaluat jal interaction between different confounding variables. The significance level

was defimesiasspmal/ue < 0.05, and all the analyses were completed by the statistical software'.

RESULTS w
- Demogratacteristics

A total of ipants who met the inclusion criteria were recruited. However, 4 subjects in the

CVD gr luded due to the lack of radiographic evidence for the occurrence of peri-
implantitis e CVD diagnosis. Consequently, 82 “Cases” and 46 "Controls" were included in
the fina i nalysis (details in the Supplemental Appendix 3). Demographic variables
between two groups are shown in Table 1. The mean age among the "Cases" group was significantly
higher thaShe "Controls" group (75.0 + 8.3 vs. 69.3 + 10.1, p< 0.01). No significant difference in sex

distribution between the two groups was found (p=0.08), yet the majority of the CVD group was

composed @ (65.9%). Smoking history was significantly different between the two groups
(p=0.03) that two-third of “Controls” had never smoked compared to 36% in “Cases”. Concerning
the cardiovascular risk factors, the "Cases" group exhibited a significantly higher prevalence of
hypertensign thangihe "Controls" (59.8% vs. 39.1%, p=0.03). A family history of heart attack was
reportewf individuals in the "Cases" group, which was significantly higher than the
"Controls" group (34%, p=0.01). The use of aspirin, anticoagulant, and stain lip-lowering medication

was more preval in the CVD group (p< 0.05). The results of lipid panel analyses and the resulting

10-year, isk and stages of cardiometabolic disease were shown in the Supplementary Table 1.

Among the lip file, TC, LDL-C, cholesterol/HDL ratio, and LDL/HDL ratio were significantly higher
in the "Controls" group compared to the "Cases" group (p< 0.05).
11

This article is protected by copyright. All rights reserved.



12

- Diagnosis of CVD

The categou e CVD diagnosis among the "Cases" subjects were shown in Table 2. The most
common t\mnary heart disease (CHD) (29.3%), followed by arrhythmias (28%),

cerebrows seutamdisease (CeVD) (14.6%), and peripheral artery disease (PAD) (7.3%). Among the
hmia, half of the participants received the intervention of pacemakers (14.6% in

patients w

the total C\P'gr

SGE

- Prevalenc p@Fi-implantitis

U

The preval@nce of peri-implant health was 9.8% (n=8) among the "Cases" and 8.7% (n=4) among the

n

"Controls" . The corresponding prevalence of peri-implant mucositis was 25.6% (n=21) and

34.8% (n=16), ctively. Peri-implantitis with detectable bone loss was identified in 64.6% (n=53)

a

of "Cases" a % (n=26) of "Controls". Among them, 11.3% (n=6) in “Cases” and 7.7% (n=2) in

“Contr re diagnosed without the baseline radiographs. A prevalence of moderate to severe

peri-implanti h RBL =2 2mm) among the "Cases" was 48.8% (n=40) which was significantly

M

higher n=14) among the "Controls" (p=0.04). Although not statistically significant, a
higher percentage of BOP>66% (% calculated by BOP sites circumferentially around implant) was

found in th

[

" (53.7%) compared to “Controls” (39.1%). Similarly, a higher percentage of deep

PPD (27m und among “Cases” (14.6% vs. 8.7%, p> 0.05, Cases vs. Controls), and the

O

difference n the subset of severe peri-implantitis with RBL>4 mm (50% vs. 37.5%, Cases vs.

Controls). re no statistically significant differences found in the implant-related

n

charactemi een two groups; however, the mean value of the total number of diseased

implant cavity was found significantly higher in the CVD group (p=0.048).

ut

- Character;j periodontal health

A

12
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The "Cases" group exhibited a significantly higher incidence of periodontitis (76.4%) compared to the
"Controls" group. (48.9%) with an OR=3.4 (95% Cl=1.52 to 7.52, p< 0.01) (Table 4). The majority of
the disew observed in both groups was Generalized Stage 2. Based on the indirect
evidence o sion (%RBL and case phenotype), the majority of individuals diagnosed with
periodonti&de B after grade modifying for smoking/diabetes, and they were significantly

higher imthesiGases" group (87.3% vs. 54.4%, p=0.01). Tooth loss was significantly higher in the

1

"Cases" gr .01). One-third of the participants in "Cases" lost > 10 teeth compared to the

“Controls"w the contrary, half of the participants in the "Controls" group lost < 5 teeth. Full

edentulism ases" group was also significantly higher compared to the "Controls" group

(12.2% vs. m.OS). Interestingly, the frequency of SPT among the two groups showed no
difference .35).

- Multivaridble logistic regression

The crude mo (OR) from the bivariate logistic regression for the association between peri-

S

implan etectable bone loss) and CVD was 1.48 (95% Cl=0.71 to 3.11, p=0.30). A significant
association nd between the moderate to severe peri-implantitis (RBL = 2mm) and CVD (crude
OR=2.18; =1.02 to 4.67, p= 0.04). Particularly, the significance was found evident in the

subgroup of moderate peri-implantitis (RBL 2-4 mm) with crude OR=3.10 (95% Cl= 1.08 to 8.91, p=
0.04). A sehest was performed to differentiate the effect of CVD diagnosis by omitting

rhythm dis e association between moderate to severe peri-implantitis and CVD was
statistically nt with a crude odds ratio of 2.71 (p=0.016). Second sensitivity test of
unadjuste ion only included atherosclerotic CVD (CHD, CeVD, PAD, and subclinical
atherosﬂched a borderline significance (OR=2.29, p=0.06).

B

Among reI:founding factors, age, hypertension, family history of heart attack, smoking,

presence o ontitis, number of tooth loss, use of aspirin, anticoagulant, and statin medication,

found significantly influencing the association between the moderate to severe

peri-implantitis (RBL = 2 mm) and CVD (p< 0.05). The total number of diseased implants reached a
13
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borderline significance in the result of univariate analysis (p=0.06). To avoid overfitting regression
models, the final logistic regression model included those significant confounding factors with the
most cIich, including age, hypertension, smoking, family history of heart attack, and
periodontitj controlling for those confounders, the significant association between the
moderate @i—implantitis and CVD was not observed (OR=1.40, 95% Cl= 0.53 to 3.75,
p=0.5) (iliahieaS)milie result of sensitivity test excluding rhythm disorders after controlling for same

included C

confoundeMt statistically significant (OR=1.77, p=0.29); similarly, sensitivity test only
, C , PAD, and subclinical atherosclerosis failed to reach significance (OR=1.29,

p=0.66). Al raction between different confounding variables were not significant in the
regression . Additional stratified analysis was performed to explore the effect of
periodonta on on the association between moderate to severe peri-implantitis and CVD, and

the results rema|5d non-significant (Table 6).
DISCUSSIm

In orde the potential risk that low-grade chronic inflammation induced by peri-
implantitis may pose to CVD, participants in the "Cases" CVD group were recruited only when dental

implants w@re placed before the CVD diagnosis. More importantly, the presence of peri-implantitis

was identifiedradiographically prior to the CVD diagnosis to ensure the temporal relationship

prevalence of moderate to severe peri-implantitis (RBL = 2 mm) in the "Cases" group (48.8% vs.

between t ure" and "disease". This case-control study revealed a significant higher

21,22

30.4%, p=0g04). With a more definitive cut-off threshold of bone loss (2 mm)
burden of Fri-imgantitis can be distinguished and the probability of false positives can be

, the inflammatory

decreased. Our data showed that moderate to severe peri-implantitis (RBL = 2 mm) was significantly
associated with thirisk for CVD with an odds ratio of 2.18 (p=0.04). By excluding the rhythm

disorders, the assggiation between moderate to severe peri-implantitis and CVD was statistically

crude odds ratio of 2.71 (p=0.016). Another sensitivity test only included ASCVD
related to in ion (CHD, CeVD, PAD, and subclinical atherosclerosis) exhibited a borderline
significance (OR=2.29, p=0.06). Although the association after controlling for multiple confounders

14
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was not significant in both sensitivity test, it implies the potential link may exist between the more

severe peri-implantitis and atherosclerotic cardiovascular disease that is directly related to the

chronic Mn.

O

Howeven, aftemeenirolling for multiple confounders for CVD, the significant association was no

longer obstusted OR= 1.4, p=0.5). This is probably due to the limited sample size that are

unable to date multivariable modelling. Even though a pre-determined 2:1 case-to-control

ratio was imted in this study to increase the effect measure *°; the lower number of cases in

the severemantitis category that might attenuate the overall study power. Another possible
h&c

explanatio ardiovascular risk factors, such as hypertension, dyslipidemia, hyperglycemia,

obesity ani otEe§ may outweigh the low-grade local inflammation triggered by peri-implantitis
i r

alone. Sim iodontal inflammation, the local effect could be diluted by the rest of body
system andliits effect is noticed only when it is maximal >’ or escalated in the situation of multiple
implants plantitis. The total number of diseased implants was found significantly higher

in the CVD[gro v Ithough the result of final regression model was not influenced by this factor, but

it was com dte with the thesis that increased sites of inflammation around diseased implants

NS¢
eIevatejlsi OE cardiovascular inflammation.

Considered the dominant cause of CVD, including MI, heart failure, stroke, and claudication,
[

atherosclerosis is glnaracterized as an inflammatory process involving the host's immune response

interacting er conventional CVD risk factors to initiate, disseminate, and activates lesions
throughou iovascular system 2. Yet, CVD cannot be fully explained by those classic risk
factors, su , high blood pressure, high BMI, high cholesterol, poor glycemic control,
metabtﬂ, smoking, or lack of physical activity *’. Evidence has mounted that low-grade

chronic Hn is associated with the increased prevalence of cardiovascular risk factors but
also an indﬂz risk factor for the development of atherosclerotic plaque and CVD . It is well
e

known tha r of chronic inflammatory diseases, such as rheumatoid arthritis, inflammatory

bowel dise many others are associated with an increased risk of CVD ***'. Similarly,
periodo nother chronic inflammatory condition related to CVD and behaves as an
independent risk factor for CVD development *. Inflammation of the periodontium was associated

15
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with the risk of future cardiovascular events>. The association between periodontitis and CVD may
be attributed to the chronic transient bacteremia and increased systemic mediators of inflammation,

incIudinM protein and oxidative stress *2. Our findings also supported the positive

association n periodontal disease severity/extent (including number of teeth loss) and CVD,
which is in evidence from epidemiological studies ***°.
I

Peri—implamnsidered as a biological complication around dental implants exhibiting signs of
i

36,1

inflammat creased PPD over time > ". It is a multifactorial disease triggered by multiple

predisposim (e.g., inadequate treatment planning, insufficient keratinized mucosa or bone
D

volume, po plant position and prosthetic design, history of periodontitis, poor oral hygiene,
episodic mmce smoking, diabetes, and immune susceptibility) 2. Interestingly, there are
similarities n peri-implantitis and periodontitis, including the common key anaerobic
periodontdpathogens, such as Porphyromonas gingivalis, Fusobacterium nucleatum, and Tannerella

forsythia ® soft tissue reactions to plaque formation, such as the B- and T-cell dominated

inflammatmfiltrate and tissue breakdown ****. In light of the similarities between the two
h&'lo

diseases, t ade chronic inflammation that arises from the continuous bacterial insult
propag o distant tissues may be shared, particularly when the ongoing inflammation manifests
inamores m. Although it was not statistically significant, our observations that severe peri-
implan n characterized by deep pockets and BOP% >66% was more prevalent in the

CVD group, supported this potential association between the local and systemic inflammatory

burden. ThL of periodontitis on the association between moderate to severe peri-implantitis

and CVD w, igated by the stratified analysis. Significant association between peri-implantitis
and CVD w und in the cohort of periodontitis or in the periodontal healthy patients. The
potentiaﬂ” relationship between periodontitis and peri-implantitis escalating the
systemi ry burden is still unclear within the scope of current case-control study.

The higherjce of statin (cholesterol-lowering agents) treated patients in the "Case" (59.8%)
than the "C

group (28.3%) (Table 1) may explain the finding that a significantly higher level of

total ch | (TC), LDL-C, cholesterol/HDL, and LDL/HDL ratio was found in the "Control" group

(Supplemental Table 1). Literature has linked the lipid disorder or dyslipoproteinaemia to the
16
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systemic inflammation, atherosclerosis, and local periodontal inflammation®***

. In this study,
intermediate to high 10-year ASCVD risk assessing the comprehensive profile of age, systolic blood
pressur
participant "Controls" group. Again, these findings resonate with the postulation that the
CVD risk fr&i—implant persistent inflammation could be diluted by other cardiometabolic

risks. m mE——

sterol, HDL-C, smoking, T2DM, and hypertension treatment was found in 72% of

{

Cr

The limitatl e current investigation included the inability to establish the causality between

peri-implanftti CVD by the nature of a case-control design. Secondly, the sample size in this

S

study was i fiBkent to differentiate all the potential confounders for the association between peri-

implantitis an in the final regression modelling, especially among the severe peri-implantitis

U

subgroup. , confounding bias cannot be ruled out because the "Cases" of CVD were

establishediregardless of disease severity and the time elapsed since the diagnosis. Future

n

prospectiv with a larger sample size controlling for the patient- and implant-related

confoundefs a rranted to observe the suspected risk for CVD in patients with severe peri-

a

implantitis.

CONCL

r M

In conclusi sults suggest that CVD group had higher prevalence of moderate to severe peri-

O

implantitis mm) peri-implantitis. In addition, the CVD group exhibited a trend of higher

prevalenc pockets (= 7mm) and higher numbers of BOP sites (> 66%) in patients with peri-

n

implantiti r, the association between the two diseases was not statistically significant after

controll confounders for CVD. Future studies with a larger sample size controlling for the

L

patient- an t-related confounders are needed to better understand the link between peri-

U

implantitis iovascular disease.

A
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Table 1. Demographic variables and CVD risk factors

21

H Controls (non-CVD) Cases (CVD)
Vari (n = 46) (n =82) P Value
Q n (%] n [%]
“Age [mean LD (rant !sorange)] 69.3 + 10.1 (43-86) 75.0% 8.3 (50-91) 0.008""
Age  40-49 3 (6.5) 0(0) <0.01"
50-0 2 (4.3) 5(6.1)
so-m 16 (34.8) 12 (14.6)
70-79'y 17 (37.0) 41 (50)
>80y i 8(17.4) 24 (29.3)
Sex 0.08
FenC 23 (50) 28 (34.1)
Mam 23 (50) 54 (65.9)
Ethnicity 0.08
Whi 36 (78.3) 74(90.2)
3(6.5) 3(3.7)
Hispanic 3(6.5) 0(0)
AsiLr 4(8.7) 5(6.1)
Smoking Q 0.03
Never-smoker 28 (60.9) 30 (36.6)
Cur!nt smoker 2 (4.3) 4(4.9)
W 16 (34.8) 47 (57.3)
=5 years 1(6.3) 3(6.3) 0.52
:;ws 2 (12.5) 3(6.3)
{ears 2(12.5) 2(4.2)
> rs 11 (68.8) 40 (85.1)
21
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Alcohol

Non-drinker

Ipt

7-14 units /week
[ |

>14njts /week

3

BMI

pd
S
C

ht

o
<
<

w
g g
u

Diabetes Mgllitus

N

Hypertension

(0

High Cholester
Osteop -related disease®

Rheumatoid a

Metabolic syndrome

Co-morbidi!

dity

Cancer

14(30.4)

15 (32.6)

12 (26.1)
4(8.7)

0(0)

17 (37)
15 (32.6)
12 (26.1)

2 (4.3)
8 (17.4)
18 (39.1)
16 (34.8)
7(15.2)

3(6.5)

20 (43.5)

14 (30.4)
10 (21.7)

9(19.6)

17 (37)
21 (45.7)
25 (54.3)
18 (39.1)

28 (60.9)

This article is protected by copyright. All rights reserved.

31(37.8)

17 (20.7)

21 (25.6)
9(11)

1(1.2)

23 (28)
30 (36.6)
21 (25.6)

3(3.7)
24(29.3)
49 (59.8)
38 (46.3)
15 (18.3)

6(7.3)

45 (54.9)

27 (32.9)
17 (20.7)

25 (30.5)

48 (58.5)
29 (35.4)
48 (58.5)
40 (48.8)

52 (63.4)

0.59

0.85

0.14

0.03"

0.20

0.64

0.87

0.22

0.77

0.89

0.18

0.01"

0.33

0.46

0.27

0.62

22
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Medications

23

Hypoglycemics 5(10.9) 20 (24.4) 0.06
W 11 (23.9) 37 (45.1) 0.02
Ant 2(4.3) 27 (33.0) <0.01'
Statin 13(28.3) 49 (59.8) <0.01"
An&insin Il receptor blocker 8(17.4) 16 (19.5) 0.77
Acw 8 (17.4) 16 (19.5) 0.77
Calciu annel blocker 4(8.7) 15 (18.3) 0.14
Bet@:block 11 (23.9) 33(40.2) 0.06
Diu 7 (15.2) 24 (29.3) 0.07
Fasting Glu t 0.28
Norfflal (<100 mg/dl) 14 (35.8) 14 (21.9)
Prediabetes (100~125 mg/dl) 22 (55) 37 (57.8)
Wel b bd (126~153 mg/dl) 3(7.5) 12 (18.8)
trolled (154~183 mg/dl) 1(2.5) 1(1.6)
* p-value in bold indj he statistical significance (p< 0.05)
1 P-value rom t-test without the assumption of equal variance; other p-values were obtained from chi-square test
¥ Patient- ory of disease
§ Metabolic syndrome was determined by BMI and lipid profile acquired from serum samples
|l indicate the Lﬁrol at the time of visit
Data may be e individuals
L
H
-
23
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Table 2. Categories of CVD diagnoses within the "Cases" group

Eatgory

n [%]
Coronare 24 (29.3)
Cerehovaseulaighisease 12 (14.6)
Peripherwisease 6(7.3)
Rhythm Bisorder 23 (28.0)
Cardiac Pa aker insertion 12 (14.6)
Valvularw 6(7.3)
Subclinic clerosis 2(2.4)
Thoracic ominal Aortic Aneurysm 2(2.4)
Cardiomgpathy and Heart Failure 7 (8.5)

(O
=
-
O
L
e
-
<
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Table 3. Prevalence of peri-implant disease and dental implant-related characteristics

Author Manuscript
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Controls (non-CVD) (n = 46)

Cases (CVD) (n =82)

26

Variable
H n [%] n [%]
Peri-implant health 4(8.7) 8(9.8)
Peri-implant mucos 16 (34.8) 21 (25.6)
I

Peri-implantitis s

> detectable bonedess 26 (56.5) 53 (64.6)

Moderate to sevD 14 (30.4)" 40 (48.8)

Severe® w 8 (17.4) 14 (17.1)
Peri-implant pocke

<3 mm ﬁ 5(10.9) 5(6.1)

4-6mm C 37 (80.4) 65 (79.3)

>7 mm 4(8.7) 12(14.6)
BOP* m

<33% 7 (15.2) 10(12.2)

33-66% E 21 (45.7) 28 (34.1)

> 66% 18 (39.1) 44 (53.7)
Suppuration 7 (15.2) 7 (8.5)
Total implant numth

Single O 13 (28.3) 19 (23.2)

Multiple 33(71.7) 63 (76.8)
Implant prosthei'li !

Fixed prosthes“ 45 (97.8) 70 (85.4)

Overdentures : 1(2.2) 12 (14.6)
Implant type

Bone-level < 42 (91.3) 68 (82.9)

Tissue-level 4(8.7) 14 (17.1)

This article is protected by copyright. All rights reserved.
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Years of restoration

27

<5y 17 (39.5) 18(22.8)

510y H 13 (30.2 _ 27 (34.2)
non-CVD (n = 45) kevp (n=72) > value
10-15y VariabQ n [%] 7(163) o 26 (32.9)
> 15¥eriodontalheaithes 23(51.1) ° (0 1723 8(10.1)
<0.01
. . I

Total dissased dmyigts (full mouth) 22 (48.9) 55 (76.4)
<5 ImP1aerity 22 (47.8) w01l 44(537)
> 5 implants 4(8.7) 11 (13.4)

Meanz SD (Rang \

SC

2.34+1.88 (1-10)"

3.25+2.43 (1-12)°

* indicated th:difference between two groups in the chi-square test or t-test (p< 0.05)

+ Moderate t -implantitis: RBL 22 mm, RBL= radiographic bone loss

BL >4 mm

N

¥ Severe peri-i

§ BOP = bleedijfig u bing

d

|l Including the t&5te:

ant which is the “most diseased” implant

9 Mean t e) was calculated by excluding healthy implants

M

Author
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Stage 1

Stage 2

{

St
Stag
t
Exteni
Local

Genefalize

Crl

Grade'
Grad

Grad

us

Grad

Teeth loss nimber

M

< 5 teeth

5-10 tee

d

>10

Fully Edentulis

\

SPT' frequency
Episodic

Regular

10 (41.7)
7(29.2)
2(8.3)

5(20.8)

12 (54.5)

10 (45.5)

7(31.8)
12 (54.5)

3(13.6)

23 (51.1)
18 (40)
4(8.9)

1(2.2)

23(51.1)

22 (48.9)

3(4.5)
52 (78.8)
3(4.5)

9 (12.5)

26 (29.1)

39(70.9)

3(5.4)
48 (87.3)

4 (7.3)

25 (30.5)
28 (34.1)
29 (35.4)

10 (12.2)

46 (59.7)

31(40.3)

0.04

0.01"

<0.01°

0.05"

0.35

or

Auth
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Table 4.
Periodontal
health

variables
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* P-value i the significance in the chi-square test (p< 0.05)
+ Based on the criterja from the Classification of 2017 World Workshop

{

¥ SPT: Supportike Periodghtal Therapy

Author Manuscri
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Variable Unadjusted OR (95% ClI) Adjusted OR (95% Cl)

2.18 (1.02 to 4.67)° 1.4 (0.53 to 3.75)

Age L 1.09 (1.03 to 1.16)"
Hypertensic‘ ’ 0.99 (0.38 to 2.54)
Family historygof t attack 2.7 (1.09 to 6.65)+
Smoking w
Non-smB reference
Ever-smoker 3.34 (1.29 to 8.62)"
Periodontitis 2.11(0.77 to 5.81)
Table 5. Mme logistic regression model for the prediction of CVD
* RBL=ra oss
+ 0dds ratio (OR) in enotes the significance in the multivariate logistic regression (p< 0.05)

M

Author
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Table 6. Stratified analyses of periodontal condition on the association between moderate to
severe peri-implantitis and CVD

{

* Moderate to

|
* p-value in bojglindicated statistical significance (p< 0.05)

ntitis = radiographic bone loss 22 mm and BOP + suppuration

rip

¥ Adjusted for age, hypertension, smoking, and family history of heart attack

O
2,
-
C
(O

Model 1 Model 2
Moderate to severe peri-implantitis Moderate to severe peri-implantitis’
(unadjusted) (adjusted for multiple variables*)
OR (95% Cl) p-value OR (95% Cl) p-value
Periodontitis 2.34(0.85 to 6.42) 0.1 1.89 (0.59 to 6.06) 0.29
Periodontal healthy 1.02 (0.2t0 5.29) 0.98 0.23 (0.02 to 2.98) 0.26
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