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Abstract
Background: To investigate the pro-inflammatory cytokine profiles in patients
with or without cardiovascular disease (CVD) and with or without peri-
implantitis.
Methods: Serum, peri-implant crevicular fluid (PICF), and gingival crevicu-
lar fluid (GCF) were collected from patients with (n = 82) or without CVD
(n= 46) at themost severe peri-implantitis site including sites with periodontitis.
A panel of proinflammatorymolecules including high-sensitivity C-reactive pro-
tein (hsCRP), fibrinogen, interleukin-1 beta (IL-1β), IL-6, plasma tumor necro-
sis factor-alpha (TNF-α), matrix metallo-proteinase-8 (MMP-8), osteoprotegerin
(OPG), vascular endothelial growth factor (VEGF), IL-17, IL-8, tissue inhibitor
of metalloproteinase-2 (TIMP-2), myeloperoxidase (MPO), and prostaglandin E2
(PGE2) were analyzed using human customQuantibody arrays. Krunskal-Wallis
test was used to compare groups. The diagnostic ability of each biomarker was
assessed using chi-square test and ROC analysis.
Results: Serum IL-1β, TNF-α and fibrinogen were significantly higher in CVD
patients than those without. Serum fibrinogen displayed a trend of higher con-
centration in patients with radiographic bone loss (RBL)≥2mm (P= 0.08). PICF
TNF-α exhibited a significantly higher detection level in the CVD patients that
is coincided with the local peri-implant inflammation. In addition, PICF MMP-
8 was significantly higher in the RBL ≥2 mm sites than the healthy implants;
whereas IL-1β, IL-8, MMP-8, and TIMP-2 proved to be the significant predictors
for peri-implant disease. GCF TNF-α collected from patients with periodontitis
was significantly associated with CVD cases.
Conclusion: The augmented expression of local and systemic pro-inflammatory
cytokines found in the current study supports the weak association between the
chronic peri-implantitis with increasing severity and CVD.
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1 INTRODUCTION

The highest global burden of non-communicable diseases
(NCDs) arises from cardiovascular diseases (CVDs), which
are the leading cause of mortality around the globe.1 CVD
not only displays the highest global burden of disease
(>50%),2 and is also the most relevant age-related dis-
ease (38.4% of the age-related disease burden), particu-
larly ischemic heart disease and stroke.3 Today, CVD or
atherosclerotic cardiovascular disease (ASCVD) is used as
a general term to describe a range of clinical heart and cir-
culatory diseases. “Total cardiovascular Disease” coined by
the American Heart Association (AHA) comprising coro-
nary heart disease (CHD), heart failure, stroke, and hyper-
tension was found around 48% of prevalence in adults.4
Growing evidence supports the independent association

between chronic oral infection and several chronic NCDs,
including CVD.5 Severe periodontitis appears to be a mod-
ifiable non-traditional risk factor for CVD,6 particularly
among populations withmulti-morbidity.7 Current biolog-
ically plausible mechanisms of the association between
periodontitis and CVD has been centered on the bac-
teremia and the systemic inflammatory sequalae because
both inflammatory pathologies are characterized by ele-
vated serum levels of multiple inflammatory cytokines,
lipids, and thrombotic and hemostatic factors.8 The pres-
ence of elevated serum levels of inflammatorymediators in
patients with periodontitis and CVD, and reduced serum
levels of these inflammatory markers after periodontal
treatment support the link between periodontal inflamma-
tion and the ASCVD risk.9–13 Another chronic oral infec-
tion, peri-implantitis, shared similar characteristics with
periodontitis, including predominant plasma-cells inflam-
matory infiltrates, gram negative anaerobes, and increased
production of local inflammatory cytokines.14 In this study,
it was hypothesized that chronic inflammation at siteswith
peri-implantitismay induce systemic low-grade inflamma-
tion and increase the risk of CVD. Hence, the purpose of
this investigation was to assess the pro-inflammatory pro-
files of systemic and local peri-implant biomarkers among
those CVD patients with or without peri-implantitis to
understand the potential inflammatory link between CVD
and peri-implantitis.

2 MATERIALS ANDMETHODS

A case-control designed, cross-sectional study was con-
ducted to investigate the association between CVD and
peri-implantitis (e-pub ahead of print: JOP-21-0418.R1),
details are presented in Supplementary Table S1 in the
online Journal of Periodontology. A total of 128 subjects
comprised of 82 “Cases”with CVDand 46 “Controls”with-

out CVD were included in this study. “Cases” patients
were enrolled only when the implants were placed prior to
CVD diagnosis, and individuals with peri-implantitis were
included only when the peri-implantitis onset was evident
radiographically prior to CVD in order to test our hypothe-
sis. Clinical assessments were recorded at six sites around
the “most diseased” implant with the most severe radio-
graphic bone loss (RBL), including peri-implant prob-
ing pocket depth (PPD), clinical attachment level (CAL)
with the reference of implant crown margin, bleeding
upon probing (BOP), suppuration, modified plaque index
(modPI) and gingival index (modGI). All the periodon-
tal parameters were assessed at the remaining natural
teeth. The result indicated that the prevalence of peri-
implantitis with a progressive RBL ≥2 mm was found sig-
nificantly higher in the CVD group. In order to clearly dis-
cern the inflammatory burden caused by peri-implantitis,
this more stringent cut-off threshold of peri-implantitis
(BOP/suppuration and RBL ≥2 mm) was implemented in
the current study and defined as moderate to severe peri-
implantitis. Pro-inflammatory profiles were analyzed from
an array of biomarkers collected from serum, peri-implant
crevicular fluid (PICF), and gingival crevicular fluid (GCF)
samples among these 128 subjects to evaluate the pro-
inflammatory profile between CVD and non-CVD patients
with or without peri-implantitis.

2.1 Serum analysis

Whole blood samples were collected in the venous blood
collection tubes* from patients with 8 hours-fasting.
Blood samples were allowed undisturbed at room tem-
perature for 30 minutes, followed by centrifuged at
2700 rpm for 15minutes. Serum samples were immediately
aliquoted into labeled polypropylene cryovials† and stored
at−80˚C freezer until the final analysis. High-sensitivity C-
reactive protein (hsCRP) was measured using human CRP
enzyme-linked immunosorbent assays (ELISA) assay‡.
The concentration was determined by interpolation from a
calibration curve of known concentrations with a dilu-
tion factor of 1000×. Fibrinogen was measured using
human fibrinogen ELISA assay§ via high-sensitivity anti-
bodies** with a dilution factor of 2000×. Optical density
was measured at 450 nm using an absorbance microplate

* BD Vacutainer Serum 10 mL tubes, Becton Dickinson and Company,
Franklin Lakes, NJ.
†Eppendorf Microtubes, Eppendorf AG, Hamburg, Germany.
‡RayBio Human CRP ELISA assay, RayBiotech, Inc., Norcross, GA.
§ SimpleStep ELISA kit, Human Fibrinogen ELISA assay, Abcam, Cam-
bridge, MA.
** High-sensitivity RabMab antibodies, Abcam, Cambridge, MA.



826 WANG et al.

reader††. The last part of serum samples were analyzed
using commercial human custom multiplexed sandwich
ELISA-based arrays‡‡ to detect and quantify the cytokine
levels including IL-1β, IL-6, TNF-α, MMP-8, and OPG
according to the manufacturer’s protocol. After the cap-
ture of antibodies and incubation, the target cytokine
is arrayed, laser-scanned and completed the multiplex
detection.

2.2 PICF/GCF analysis

The PICF samples were collected from the implant with
“greatest RBL” per patient, either from the mesio-buccal
aspect of a healthy implant or the deepest implant pocket
of a diseased implant. Prior to collection, supragingival
plaquewas removed using a sterile curet. After the implant
crown was dried/isolated with sterile gauze and gentle
air spray, PICF samples were collected using methylcellu-
lose strips§§ gently placed into the dried sulcus or pocket
until mild resistance was felt for 1 minute. Methylcellu-
lose strips§§ contaminated with blood were discarded and
the site was re-sampled after 90 seconds. GCF samples
were taken from two identified sites from each patient.
One was collected from the most severe periodontitis site
(deepest PD) in the subjects with periodontitis and the
other one was collected from a healthy site (mesio-buccal
site of healthy tooth). Two healthy or gingivitis sites were
randomly chosen in the subjects with healthy periodontal
status. GCF samples were collected using methylcellulose
strips§§ gently placed and kept in the dried pockets until
mild resistance was felt for 30 seconds after cleaning and
drying. Finally, GCF and PICF samples were transferred
into labeled polypropylene cryovials† and stored in a−80˚C
freezer for further analyses.
A 20 µL extraction solution containing 10 g/mL apro-

tinin, 1 mM phenylmethylsulfonyl fluoride, and 0.1%
human serum albumin in phosphate-buffered saline was
pipetted directly onto the cellulose portion of eachmethyl-
cellulose strips§§ and secured at the top of a 12 × 75 mm
polystyrene culture tube. After centrifugation at 2000 rpm
at 4◦C for 5 minutes, each strip was washed five times
to yield a total elution volume of 100 µL. Quantitative
assessments of biomarker expression in PICF and GCF
samples were performed using commercial human cus-
tommultiplexed sandwichELISA-based arrays‡‡. Targeted
biomarkers included 12 different molecules: hsCRP, pro-
inflammatory and angiogenic biomarkers including IL-1 β,
IL-6, TNF-α, VEGF, T-cell modulator: IL-17, chemokine:

†† EZ Read 400 Microplate Reader, Biochrom, Holliston, MA.
‡‡Human custom Quantibody Arrays, RayBiotech, Inc., Norcross, GA.
§§ PerioPaper strips, Oraflow Inc., Smithtown, NY.

IL-8, inflammation mediator and proteolytic enzymes:
MMP-8, and biomarkers for bone metabolism: OPG and
TIMP-2, and MPO. PGE2 was separately analyzed by the
human PGE2 ELISA assay***.

2.3 Statistical analysis

All quantitative variables were reported in themeasures of
mean± standard deviation (median). One-way ANOVA or
Krunskal-Wallis test was used to compare groups based on
the result of Shapiro-Wilk normality test.Wilcoxon signed-
rank test was performed to compared between GCF sam-
plewithin the same subject. One-wayANCOVAorQuade’s
ranked analysis of covariance was used to compare groups
adjusted for multiple relevant covariates. The diagnostic
ability was further assessed using chi-square test with 2× 2
contingency tables to predict the odds ratio (OR) of CVD
occurrence based on the cut-off point (median) of cytokine
level. Pearson or Spearman correlation coefficient was
used to assess associations between variables, including
BOP%. The receiver operating characteristic (ROC) curve
analyses were performed to further assess the likelihood of
CVD occurrence. All statistical analyses were performed
using a statistics software†††. The differences were consid-
ered statistically significant at P-value of < 0.05.

3 RESULTS

3.1 Serum-derived biomarkers

Themean± standard deviation (median) values of the pro-
inflammatory cytokines and the significant differences
between non-CVD and CVD group were presented in
Table 1. The result showed that IL-1β, TNF-α and fibrino-
gen were significantly higher in the CVD group than in
the non-CVD group (97 versus 58.4 pg/mL, 104 versus 56.5
pg/mL, 86.2 versus 62.3 md/dL, respectively). Although
not statistically significant, IL-6 and OPG demonstrated
a trend of higher concentrations in the CVD group. Con-
versely, the mean concentration of hsCRP was higher in
the non-CVD group (6.4 vs 7.7 pg/mL). The results of chi-
square analysis based on the dichotomized data showed
that serum IL-1β, OPG, and TNF-α were potential predic-
tors for the CVD occurrence (Table 2). The ROC analysis
demonstrated a significantly fair accuracy of disease pre-
diction with TNF-α (AUC 67%) and fibrinogen (AUC 65%)
for CVD (Figure 1). After controlling for peri-implantitis

*** SimpleStep ELISA kit, Human PGE2 ELISA assay, Abcam, Cambridge,
MA.
††† IBM SPSS Statistics for MAC, 24.0 version, IBM Corp., Armonk, NY.
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TABLE 2 Diagnostic ability of serum-derived biomarkers for predicting CVD

Marker level
Biomarker Group Threshold High Low Sensitivity Specificity OR 95% CI P-value
IL-1β CVD 19.3 (pg/mL) 41 29 58.6% 63.2% 2.4 1.1-5.4 0.03*

Non-CVD 14 24
IL-6 CVD 20.7 (pg/mL) 38 16 50.3% 57.9% 1.6 0.7-3.6 0.23

Non-CVD 16 22
MMP-8 CVD 13.2 (pg/mL) 15 56 21.1% 35.6% 1.2 0.4-3.2 0.74

Non-CVD 7 31
OPG CVD 897 (pg/mL) 49 8 86% 45.2% 5.0 1.8-14.1 <0.01*

Non-CVD 17 14
TNF-α CVD 14.6 (pg/mL) 42 28 60.0% 65.8% 2.9 1.3-6.6 0.01*

Non-CVD 13 25
hsCRP CVD 6.8 (mg/L) 28 34 45.2% 43.3% 0.6 0.3-1.6 0.6

Non-CVD 17 12
Fibrinogen CVD 64.8 (mg/dL) 38 31 55.1% 58.3% 1.7 0.8-3.9 0.19

Non-CVD 15 21

Abbreviation: OR, Odds Ratio.
CVD group (n = 82); non-CVD group (n = 46).
*Bold font denotes the significant difference between groups from chi-square test (P < 0.05).

F IGURE 1 Receiver operating characteristic (ROC) curve for the diagnostic ability of serum biomarkers for predicting cardiovascular
disease (CVD). AUC, Area under the curve, CI, confidence interval. Font in bold indicates a significant accuracy (P < 0.05)

and periodontitis by Quade’s rank analysis of covariance,
IL-1β, TNF-α, and IL-6 were significantly higher in the
CVD group. Further adjustment was performed for the
significant covariates associated with CVD outcome
(Supplementary Table S1) including age, hypertension,
smoking, family history of heart attack, low-density

lipoprotein cholesterol (cLDL), peri-implantitis, and
periodontitis. IL-1β, TNF-α maintained statistically
significant higher in the CVD group.
Serum biomarker levels were also evaluated to assess

the association between the serum biomarker level and
the 10-year ASCVD risk (risk assessment based on
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history of hypertension, diabetes, smoking, and choles-
terol that predicts the likelihood of ASCVD in the next 10
years which divides into low-risk (<5%); borderline risk
(5% to 7.4%); intermediate risk (7.5% to 19.9%); high risk
(≥20%); definition in Supplementary Table S2 in online
Journal of Periodontology). IL-6 and TNF-α demonstrated
a concentration-dependent trend, when the inflammatory
cytokine is higher, the 10-year ASCVD risk is higher.
Subgroup analyses were implemented to evaluate the

impact of local (peri-implant and periodontal) inflamma-
tion on the systemic inflammatory mediators. Patients
with diseased implant of RBL ≥ 2 mm demonstrated a
trend towards higher serum fibrinogen level (81.0 versus
75.3 mg/dL, P = 0.08) compared to the healthy implants
(including peri-implantmucositis [MU]). After controlling
for CVD occurrence, the difference was not statistically
significant (P = 0.17). Patients with diseased implant of
RBL > 4 mm were found to have a non-significant trend
of higher serum IL-1β, IL-6, MMP-8, OPG, TNF-α, and
fibrinogen compared to the healthier implants (P > 0.05)
(Supplementary Table S3 in online Journal of Periodon-
tology). Finally, the serum fibrinogen level significantly
increased among patients with periodontitis (80.3 versus
61.1 mg/dL, P = 0.04) compared to healthy periodon-
tium. After controlling for CVD occurrence, the difference
was not statistically significant (P = 0.17). Other compar-
ison analyses combined are displayed in Supplementary
Table S3.

3.2 PICF analysis

The results of the 12 PICF biomarkers are shown in Table 3.
TNF-α exhibited a significantly higher detection level in
the CVD group (P = 0.05). There is a significant associ-
ation between TNF-α and CVD (r = 0.17, P = 0.05) and
the ROC curve analysis proved that PICF TNF- α has a
marginally 59%AUCpredictive accuracy for CVD (see Sup-
plementary Figure S1 in online Journal of Periodontology).
Other PICF biomarkers including MMP-8, MPO, and IL-
17 seem to be higher in the CVD group, but the differ-
ences did not reach the significant level. After adjusting for
peri-implantitis and periodontitis, TNF-α remained statis-
tically significantly higher in the CVD group compared to
the non-CVD group (P= 0.03). After adjusting formultiple
CVD relevant covariates (age, hypertension, smoking, fam-
ily history of heart attack, cLDL, peri-implantitis, and peri-
odontitis), the difference of TNF-α between CVD and non-
CVD group did not reach statistical significance (P= 0.09).
In the subgroup analysis, MMP-8 proved to be signif-

icantly higher in the sites with RBL ≥ 2 mm than the
healthy implants (including peri-implant MU) (3468.7 ver-
sus 3117.3 pg/mL, P = 0.05) with an AUC = 60% predic-

tion power. Although it was non-significant, the differ-
ence was amplified in the sites with RBL > 4 mm com-
pared to healthy implants (3605.6 versus 3160.6 pg/mL,
P = 0.14) (Supplementary Table S4 in online Journal of
Periodontology). IL-1β, IL-6, IL-8, IL-17, MPO, OPG, TIMP-
2, VEGF demonstrated the same trend. IL-1β, IL-8, MMP-
8, and TIMP-2 were found higher in the local inflam-
mation manifested as peri-implant disease (PID) (includ-
ing peri-implant MU and peri-implantitis) (P < 0.05).
In the subgroup analyses, among those patients with
CVD, TNF-α and MMP-8 collected from PICF were con-
sistently showing a non-significant tendency of higher
concentration compared to non-CVD group and coin-
ciding with the local peri-implant inflammatory status
(Supplementary Table S4). The results of the Spear-
man correlation analysis between cytokine level and
BOP% (categorized as <33%, 33-66%, >66%) showed that
the MMP-8 (r = 0.22, P = 0.01), TIMP-2 (r = 0.17,
P = 0.05), and PGE2 (r = 0.21, P = 0.02) were asso-
ciated with the percentage of BOP sites at the tested
implant.

3.3 GCF analysis

Table 4 shows the mean values of GCF biomarkers col-
lected from patients with periodontitis or with healthy
periodontium. Periodontitis patients had higher hsCRP,
IL-1β, IL-6, MMP-8, OPG, TIMP-2, VEGF than the healthy
periodontium. Only IL-1β was statistically significant
higher in periodontitis than the healthy periodontal sites
(mean 160.2 versus 119.3 pg/mL, P < 0.01). VEGF exhib-
ited a borderline significant difference (mean 97.5 versus
73.0 pg/mL, P = 0.07). IL-6 collected from patients with
periodontitis was consistently higher compared to patients
without periodontitis. Comparison of GCF levels between
CVD and non-CVD groups at different sites is shown in
Supplementary Table S5 in the online Journal of Periodon-
tology. In the subjects with periodontitis, either at sites
of periodontitis or healthy periodontium, TNF-α collected
from GCF was higher in the CVD group. This trend can
be found in patients with healthy periodontium but did
not reach significance. After controlling for CVD-relevant
multiple covariables, the statistical significance remained
(P= 0.02). This patternwas not observed in other biomark-
ers. GCF TNF-α collected from patients with periodontitis
was strongly associated with CVD cases with odds ratio of
4.4 and 4.7 (periodontitis and healthy teeth, respectively)
(P = 0.01). The ROC curve analysis is illustrated in Sup-
plementary Figure S2 in the online Journal of Periodontol-
ogy. Using the GCF profile to assess the likelihood of peri-
implantitis, only OPG inGCF collected from periodontitis-
affected teeth was significantly higher in the RBL ≥ 2 mm
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with a 48% sensitivity and 72% specificity (P = 0.04) (see
Supplementary Figure S3 in online Journal of Periodontol-
ogy).

4 DISCUSSION

The results of the present study demonstrated that IL-1β,
TNF-α and fibrinogen collected from serum were signif-
icantly higher among patients with CVD. After control-
ling for multiple significant CVD-relevant covariables, IL-
1β, TNF-α remained statistically significantly higher in the
CVD group. Serum fibrinogen displayed a trend of higher
concentration in those with moderate to severe peri-
implantitis (RBL ≥ 2 mm) compared to healthy implants
(P = 0.08); which remained non-significant after control-
ling for CVD occurrence. TNF-α collected from PICF was
significantly higher in the CVD group after controlling
for peri-implantitis and periodontitis; the significant dif-
ference was non-significant after controlling for multiple
CVD-relevant covariables (P= 0.09). Higher concentration
of TNF-α was found at sites with inflammation. Specifi-
cally, GCF TNF-α collected from patients with periodon-
titis was strongly associated with CVD cases. In addition,
PICF MMP-8 was significantly higher in the RBL ≥ 2 mm
sites, and strongly correlated with the peri-implant BOP
prevalence. Although, PICF MMP-8 did not show signif-
icant predictive power for CVD occurrence; PICF MMP-8
were consistently showing a tendency of higher concen-
tration among CVD group compared to non-CVD group
and coinciding with the local peri-implant inflammatory
status.
Cardiovascular disease (CVD) is a chronic inflamma-

tory state of the cardiovascular system, and the major-
ity of etiology is attributed to atherosclerosis, which is an
inflammatory process involving the host’s immune mech-
anism interacting with other risk factors to initiate, dis-
seminate, and activate lipoprotein-driven lesions through-
out the cardiovascular system.8 It drives clinical disease
sequelae through luminal narrowing or by precipitating
thrombi that obstruct blood flow to the heart (CHD), brain
(ischemic stroke), or lower extremities (peripheral vascu-
lar disease).15 Yet, it cannot be fully explained by conven-
tional risk factors.16 Emerging evidence has demonstrated
that low-grade chronic inflammation, including periodon-
titis, is not only associatedwith the increased prevalence of
cardiovascular risk factors but is also an independent risk
factor for the development of CVD.17 The plausible link
between periodontal infection and atherogenesis has been
theorized to be associated with the dual role of systemic
inflammation held in common by both diseases. Aug-
mented local and systemic pro-inflammatory mediators
via oral infection contributed to vascular inflammation
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and atherosclerosis, and subsequently increased CVD) risk
and severity.18 Our previous report (e-pub ahead of print:
JOP-21-0418.R1) identified the risk of CVD (especially
inflammation-related atherosclerotic CVD when higher
levels of inflammation were found around dental implants
(moderate to severe peri-implantitis with RBL ≥ 2 mm)
whichwas consistentwith this potential inflammatory link
between peri-implantitis andCVD identified in the current
study.
A variety of heart diseases, including CHD, atheroscle-

rotic heart disease and chronic heart failure (CHF), are
associated with increased serum levels of proinflam-
matory cytokines, such as interferon-γ (INF-γ), IL-1β,
IL-6, and TNF-α.19 Therefore, it was not surprising that
the concentration of serum inflammatory biomarkers
IL-1β, TNF-α, and fibrinogen, were significantly higher in
the CVD patients independent of the local peri-implant
inflammatory status. It has been shown that interleukins
mediating the signaling of leukocytes contribute to the
atherosclerosis process, especially when IL-1β is associ-
ated with proatherogenic events such as upregulation of
endothelial adhesion and activation of macrophages and
vascular cells.20 TNF-α is implicated as a pro-
inflammatory cytokine that contributing to vascular
dysfunction and upregulating the oxidative stress resulted
in an adiposity-induced inflammation.21 IL-6, together
with IL-1 and TNF-α, has been shown downstream
from vascular inflammatory cascade of accelerating
atherosclerosis22 that modulates immune reaction and
causes stress hypoxia and tissue destruction that may lead
to cardiac cachexia.23
Despite the lower concentration compared to plasma,

the results of high sensitivity-ELISA differentiated a
significant difference of serum fibrinogen level between
CVD and non-CVD group. Elevated levels of serum
fibrinogen has been associated with increased blood
viscosity and thrombus formation24 and linked to
the development of CVD.25 It has been reported that
serum fibrinogen found in periodontitis patients was
increased when compared to periodontally healthy
patients with or without CVD and reduced after peri-
odontal treatment.26,27 In this study, serum fibrinogen
was found to be higher in patients with RBL ≥ 2 mm
(P = 0.08). Although it was not statistically significant,
the difference was evident in implants with RBL > 4 mm
compared to healthier implants (Supplementary Table S3).
Along with other pro-inflammatory mediators (such as
IL-6, MMP-8, OPG, and TNF-α) found in the RBL >

4 mm subgroup, this may imply that severe peri-implant
tissue destruction might augment systemic inflammation.
MMP-8 appears to promote periodontal and peri-implant
lesion progression and is associated with collagen fiber
destruction which may also associate with atherosclerosis

and atheroma plaque instability.28 Literature also linked
the serum MMP-8 with periodontal local inflammation to
the augmented systemic load,12 which may explain why
MMP-8 collected from PICF were consistently showing
a tendency of higher concentration in CVD group that
might coincide with the local peri-implant inflammation.
In addition, serum OPG, a regulatory protein for bone
metabolism and vascular calcification, has been associated
with CVD pathophysiology and cardiovascular mortality
and morbidity29; and it has been reported reflecting the
increased risk of alveolar bone loss around peri-implantitis
sites.30 Lastly, serumhsCRPwas not found to be associated
with CVD occurrence in our results. The predictive value
of hsCRP has been shown to be limited because of a lack of
causative relationship as well as significant heterogeneity
from genetic polymorphisms and disease-phenotype
variability.31 The average hsCRP level in the non-CVD
group was higher. This is possibly associated with the
higher prevalence of hypercholesterolemia (abnormal
low-density lipoprotein cholesterol, LDL-C) found in
the non-CVD group (Supplementary Table S1) that CRP
directly bonds to atherogenic oxidized LDL-C.32
The current evidence of biomarkers expression in sub-

jects with peri-implant diseases are mainly focused on
PICF cytokines rather than systemic markers in serum.33
In general, we found that IL-1β, IL-8, MMP-8, and TIMP-
2 collected from PICF were strong predictors for the
peri-implant disease, which is in line with the existing
evidence.34,35 However, local biomarkers in PICF did not
demonstrate a capacity to differentiate between CVD and
non-CVD patients. Only PICF TNF-α was significantly
higher in the CVD group and coincidedwith the local peri-
implant inflammation. Interestingly, TNF-α collected from
GCF in patients with periodontitis was also strongly asso-
ciated with CVD cases. TNF-α has been reported as the
most common cytokine isolated from patients with severe
peri-implantitis and reduced significantly after mechani-
cal anti-infective therapy.36 Primarily, TNF-α underlines
the real-time manifestation of inflammation. When the
fibroblasts in the chronic peri-implant granulation tissues
are unable to switch off the pro-inflammatory pathway,
bothmigration and retention of leukocytes may occur con-
tinuously within the sites in a self-feeding loop,37 which
may explain the local pro-inflammatory TNF-α level coin-
cided with the systemic inflammatory burden.
Interestingly, we found these biomarkers were higher

in peri-implant MU than peri-implantitis (> detectable
bone loss). We may be argued that IL-1β is a robust
marker of acute inflammatory changes in gingiva,38 and
it may synergistic with TNF-α to initiate and propagate
inflammation.39 IL-1β is consistently recognized as a dom-
inant biomarker at the peri-implant inflammatory sites.33
It regulates the degradation of extracellular matrix (ECM)
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components of plasminogen system and the collagenase
activity in the inflammatory response.40 Although bursts
of IL-1β can precipitate acute attack of systemic/local
inflammation, it also contributes to several chronic inflam-
matory diseases.41 This is in consistent with our findings
that IL-1β was a dominant cytokine in PICF at >4 mm
RBL sites and in GCF at the periodontitis sites. In addition,
IL-8 and MMP-8 appear to be early signals of peri-implant
inflammation.42,43 IL-8 as a potent neutrophil chemotactic
and activating factor was reported escalated in short period
of time at the early stage of peri-implantitis. The strong cor-
relation between MMP-8 and peri-implant tissue destruc-
tion has been reported widely in the literature,44 which
is line with the current finding that PICF MMP-8 was
significantly higher at sites with moderate to severe peri-
implantitis, especially it was statistically correlated with
the signs of active inflammation within the peri-implant
pocket. A disruption of MMP-TIMP balance may lead to a
pathological process of losing ECM, such as atherosclero-
sis and periodontitis. Particularly, TIMP-2 may behave as
an effective predictor for peri-implantitis (OR = 4.4), and
further increase the predictive power when it was com-
bined with microbial profile.45
Recently, Chaushu et al., has reported an increase in

serum inflammatory parameters including total protein
and albumin concentrations in an experimental peri-
implantitis disease. It provides evidence of a stimula-
tion of immune system and upregulation of the inflam-
matory pathway, which substantiates the systemic effect
of the local inflammation occurred at sites with peri-
implantitis.46 Overall, it is reasonable to extrapolate the
biological mechanisms of periodontitis to chronic peri-
implantitis, especially when the disease severity and tis-
sue destruction increased. In the current study, local pro-
inflammatory TNF-α level at PICF was found coincid-
ing with the systemic inflammatory burden in the CVD
patients; yet the difference of PICF TNF-α between peri-
implantitis (≥2 mm RBL) and healthy implants was not-
significant. Only an escalating trend can be observed with
increasing local and systemic inflammatory burden in
the peri-implant disease and CVD. Systemic thrombotic
marker, fibrinogen, was found a non-significant trend
of association to the moderate to severe peri-implantitis
(≥2 mm RBL).
In summary, the evidence in the current study remained

weak for the potential link explaining the association
between CVD and peri-implantitis. It was acknowl-
edged that the sample size, especially in the severe peri-
implantitis subgroup, might be underpowered, which
could partially be the reason of weak association. Other
possible reasons may be the limited number of diseased
implants (25.8% [mean]were single implant) that the effect
on the systemic inflammation may be weak or diluted

by the background comorbidities. Another limitation of
the current study is the cross-sectional observation with-
out longitudinal monitoring of biomarker changes dur-
ing the disease process. Finally, the augmented inflam-
matory effect from periodontitis evidenced by increased
serum fibrinogen in the current result may be correlated to
the CVD risk, but the potential synergistic effect between
peri-implantitis and periodontitis remains unknown. It
was noteworthy that pro-inflammatory mediators in PICF,
including IL-1β, IL-6, IL-8, MMP-8, TIMP-2, has increased
markedly from healthy to peri-implant MU, similar to the
level of more severe peri-implantitis. It underlines the
importance of regular implant maintenance to decrease
the inflammation within peri-implant soft tissue at the
early stage of disease and avoid the risk of increasing sys-
temic inflammatory load. Future longitudinal studies on
the important systemic and local pro-inflammatory medi-
ators, especially fibrinogen, TNF-α, MMP-8, IL-1β and IL-6
with larger patient populations and multivariable control-
lingwerewarranted to understand the potential inflamma-
tory link between CVD and peri-implantitis with higher
disease severity.

5 CONCLUSION

The augmented expression of local and systemic pro-
inflammatory cytokines found in the current study sup-
ports the possible association between the chronic peri-
implantitis with increasing severity and CVD. However,
the concluding evidence is weak. Future longitudinal stud-
ies with larger patient populations and controlling for con-
founding factors and comorbiditieswill expand our knowl-
edge to elucidate the role of peri-implant infection in the
pathogenesis of atherosclerotic disease.
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