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Abstract

Background and Intensive periodontal treatment (IPT) improves endothelial function in patients with periodontitis (PD). However, whether

Aims these changes can slow the progression of structural vascular remodelling remains unclear. This randomized clinical trial
evaluated the impact of IPT on carotid intima-media thickness (cIMT) over 2 years (NCT03072342). Flow-mediated
dilatation (FMD), blood pressure and pulse wave velocity (PVWV) were assessed as secondary outcomes, while markers
of inflammation, oxidative stress, and metabolomics were explanatory outcomes.

Methods 135 consecutive, otherwise healthy participants with PD, were enrolled in a single-blind, single-centre, controlled trial, and
randomized to IPT (n = 68; including scaling, root planning, and, when appropriate, surgical corrective therapy) or control
periodontal treatment (CPT, n = 67; including supra-gingival scaling and polishing). cIMT was assessed at baseline, 12 and 24
months post-therapy. Blood pressure, FMD, PWYV, markers of inflammation, oxidative stress, and metabolomics were as-
sessed at baseline and at 2, 6, 12, 18, and 24 months post-intervention.

Results After 24 months, cIMT was lower in the IPT vs the CPT group (—0.023 mm, 95% confidence interval —0.030.019 to
—0.0227, P < 0.0001). FMD improved within 2 months in the IPT group and remained consistently higher than the CPT
group throughout the study (P < 0.0001) correlating with the improved periodontal measurements at the same time points.
No substantial differences were observed between groups in adverse events, anthropometric, blood pressure, PWV, or
metabolomic markers. Among inflammatory and oxidative stress markers, glycoprotein acetyl was reduced in IPT compared
with the CPT group participants (P < 0.05).

Conclusions IPT led to favourable structural changes in the vascular phenotype, underscoring the impact of PD on cardiovascular health
and further highlighting the potential role of treating PD to improve cardiovascular outcomes.
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Structured Graphical Abstract

Key Question

Can treatment of periodontitis (PD) reduce common carotid intima-media thickness (c-IMT)?

Key Finding

In this trial in 135 otherwise healthy participants with PD, patients allocated to intensive PD treatment exhibited less c-IMT progression

and better flow flow-mediated dilation as compared to standard treatment.

Take Home Message

These findings suggest that cardiovascular prevention should include oral cavity assessment and PD treatment.
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Orlandi M, et al. European Heart Journal.

Impact of periodontitis on vascular health and changes in the endothelial function (assessed by flow mediated dilatation [FMD]) and common carotid
intima-media thickness (cIMT) following treatment of periodontitis in the test (IPT) and control group (CPT). IPT, Intensive periodontal treatment;
CPT, control periodontal treatment.

Keywords Periodontitis * Intima-media thickness * Endothelial function ¢ Inflammation * Metabolomic

healthy individuals and patients with type 2 diabetes, effective treat-
ment of PD has been shown to improve endothelial function and re-

Introduction

Inflammation plays a central role in the development and progression of
cardiovascular disease (CVD) and has emerged as a promising thera-
peutic target. Periodontitis (PD), a highly prevalent chronic inflamma-
tory condition, affects over 40% of adults worldwide." In both

duce systemic inflammation and oxidative stress. > In patients with
type 2 diabetes,? such treatment improved metabolic control and renal
function over 12 months, while in those with hypertension, blood pres-
sure improved within 6 months.® These findings suggest that PD is a
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PD treatment and progression of cIMT

widespread but unappreciated contributor to CVD morbidity and mor-
tality. Its impact on arterial remodelling and long-term cardiovascular
(CV) outcomes, however remains unclear.

Carotid intima-media thickness (cIMT) and its rate of progression are
established markers of structural remodelling of the arterial wall, closely
associated with CV risk. A recent meta-analysis of randomized trials de-
monstrated that reducing cIMT progression by 0.01 mm/year corre-
sponds to a 10% reduction in future CV events.®

We therefore conducted a randomized controlled trial (RCT) using
the same validated protocol applied in previous studies to evaluate
whether intensive treatment of PD could reduce cIMT progression
over 2 years. To limit confounding, we recruited individuals with PD
but without diagnosed CVD or other inflammatory conditions, and
who were not on regular medications. The study addressed three
key questions: (i) does effective treatment of PD reduce cIMT at 24
months?; (ii) what is the temporal relationship between treatment of
PD and changes in vascular phenotypes, including endothelial dysfunc-
tion and arterial stiffness? and (iii) can changes in metabolic, inflamma-
tory, or oxidative stress biomarkers explain changes in the vascular
phenotypes after treatment of PD and help identify individuals who
are most likely to benefit?

Methods
Study design

Consecutive patients diagnosed with severe, active PD at the UCL Eastman
Dental Institute and Hospital were enrolled in a single-centre, randomized,
controlled, single blind, parallel group clinical trial as previously reported.”
Diagnostic criteria for severe, active PD were consistent with previous
studies.>> Exclusion criteria included: (i) hepatitis B or HIV infection, (i) es-
tablished CVD, (iii) chronic medication use (including anti-microbial),
(iv) prior treatment of PD in the preceding 6 months), (v) immunodeficiency,
(Vi) pregnancy or breastfeeding, and (vii) limited mental capacity or language
skills that would prevent understanding of and/or trial adherence.

Randomization

Following baseline assessment, patients were randomly assigned to receive
either intensive (IPT) or control (CPT) periodontal treatment as previously
reported.” Restricted randomization® on a 1:1 ratio between study groups
was performed in terms of smoking status, gender, and PD severity.
Treatment allocation was concealed in opaque envelopes disclosed to clin-
icians on the day of treatment.

Study intervention and assessments

Periodontal assessment and treatment followed validated protocols shown
to improve endothelial function, diabetes control and circulating markers of
inflammation and oxidative stress.”™*

Essential dental care, including oral hygiene instructions and removal of
compromised teeth, was performed in both groups as previously re-
ported.” A single trained/calibrated examiner collected medical, dental his-
tories, and periodontal measurements at each visit.” Calibration was
repeated every 6 months in each calendar year over the duration of the
study. Briefly, periodontal measurements included gingival probing depth
and recession of the gingival margin relative to the cemento-enamel junc-
tion at 6 sites per tooth. Supra-gingival dental plaque and gingival bleeding
on probing were recorded. Whole-mouth number of periodontal lesions
(probing depth >4 mm) and relative percentage of gingival bleeding [full
mouth gingival bleeding scores; the number of sites with gingival bleeding
on probing/total number of sites per mouth X 100] and dental plaque
[full mouth plaque scores; the number of sites with visible detectable pla-
que/total number of sites per mouth x 100] were calculated. Tobacco ex-
posure (defined as current, former, or never smoker following detailed

interview), blood pressure, height, weight, waist circumference, and body
fat mass (data not reported) were assessed at each visit. Medication use
was assessed at baseline and updated at each subsequent visit (detailed
medication log).

Patients in the IPT group received intensive periodontal treatment con-
sisting of an initial single session of whole-mouth scaling of the root surfaces
under local analgesia (no time limits were enforced for completing the ses-
sion). At 2 months, those with good oral hygiene (dental plaque scores
<20%) and >1 residual 6 mm periodontal pocket underwent corrective
therapy.” Patients with sub-optimal oral hygiene received additional
sub-gingival scaling under local analgesia. Thereafter, the IPT group received
scaling sessions (no time limits) under local analgesia every 3 months. CPT
patients received supra-gingival scaling and polishing at identical time points.
At study end, CPT patients were offered comprehensive periodontal
therapy as needed. Participants with progression of PD? received prompt
specialist care and were withdrawn from the study, though no cases met
this criterion.

Outcomes assessment

The primary outcome of the study was the between-group difference
in cIMT at 24 months. Secondary outcomes included between-group differ-
ences in: (i) cIMT at 12 months and (i) flow-mediated dilatation (FMD),
blood pressure, and pulse wave velocity (PWV) at 24 months.
Explanatory outcomes included inflammatory/oxidative stress/lipid biomar-
kers and periodontal clinical parameters. All vascular and laboratory assess-
ments were acquired and analysed by two trained physicians or laboratory
technicians, respectively, who were masked to the participants’ treatment
group allocation.

Primary outcome

Carotid intima-media thickness

cIMT was measured by ultrasound at baseline, 12 and 24 months after treat-
ment of PD using a 12-MHz linear transducer (Acuson XP 128/10,
Siemens). A validated protocol for cIMT acquisition was followed, as de-
scribed previously.>'®"" Briefly, bilateral carotid artery images were re-
corded over >3 cardiac cycles. Post-processing was performed using
semi-automated edge-detector software (Carotid Analyser, version
5.8.1). Mean cIMT was calculated from the three end-diastolic frames
from lateral views. Using this protocol, we previously reported a coefficient
of variation (CV) <5% for repeated cIMT measurements in diverse popula-
tions including children, adults with diabetes.>'®"" Intra- and inter-reader
reproducibility were assessed using 10 randomly selected images. Intra-
and inter-reader correlations coefficients were >0.9. Carotid plaques
were defined as lesions >1.5 mm with abnormal shape or echogenicity."
One participant with an incidental carotid plaque at the cIMT measurement
site was excluded from cIMT analysis.

Secondary outcomes

Flow- and glyceryl trinitrate-mediated dilatation

FMD was assessed at baseline, 2, 6, 12, 18, and 24 months post-treatment.
Endothelium-dependent vasodilatation of the brachial artery was measured
using high-resolution ultrasound with a 7-MHz probe (Acuson XP 128/10,
Siemens). A standardized protocol was used to acquire continuous images
at rest, during 5 min of forearm occlusion (250 mm Hg), and for 5 min post-
deflation.>*"® Vessel diameters were analysed post hoc using automated
software (Brachial Tools, version 3.2.6, Medical Imaging Applications).”
After 10 min of rest, endothelium-independent dilatation was assessed fol-
lowing 25 pg sub-lingual glyceryl trinitrate (GTN). This method has previ-
ously demonstrated sensitivity to FMD changes following PD treatment.*?

Pulse wave velocity

Aortic stiffness was assessed using carotid-femoral (aortic) PWYV via the
Vicorder device (Smart Medical Limited). After 10 min of rest, cuffs were
placed at the neck and thigh to record carotid and femoral waveforms.
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Path length was measured from the suprasternal notch to the proximal
edge of the thigh cuff. Subsequently, the cuffs were each inflated and high-
quality waveforms were recorded simultaneously for 3 s. This procedure
was repeated three times, and results were averaged. Foot-to-foot transit
time was calculated using in-built device algorithms.

Blood pressure

Blood pressure was measured in triplicates using a validated device (Omron
device M5-1, HEM-757A-E). The average of three readings was used for
analysis.

Explanatory outcomes
Metabolomic and hs-CRP assay

Fasting blood samples were processed within 1 h of collection by staff
blinded to group allocation. Plasma was aliquoted and stored at —70°C until
batch analysis. Serum was analysed at each time point using a high-
throughput 1H magnetic resonance (NMR) metabolomic platform
(Nightingale Health, Helsinki, Finland) (List of markers in the
Supplementary data). High-sensitivity C-reactive protein (hsCRP) was mea-
sured by immunoturbidimetry (Cobas Integra 700, Roche, Mannheim,
Germany).

Oxidative stress

Oxidative stress was measured using the d-ROM test, which quantifies cir-
culating hydroperoxides.™ Results are expressed in Carratelli units (U
Carr), where 1 U Carr corresponds to 0.08 mg/dL hydrogen peroxide.
The intra-assay CV was 3%.

Statistical analysis

A minimum of 65 participants per group was required to detect a 0.02 mm
difference in cIMT at 24 months between groups, assuming a standard de-
viation of 0.03 (based on previous trial data,?) o = .05 and 95% power. A
total of 140 participants were recruited to allow for 8% attrition.

Baseline data were summarized using median and inter-quartile range for
continuous outcomes and counts (percentages) for categorical variable.
Analyses followed the intention-to-treat principle. Missing values were
handled using last observation carried forward, and all primary and second-
ary analyses were repeated with post hoc linear digital inter-polation. A
per-protocol analysis (data not shown) was also conducted, including par-
ticipants who had at least one valid efficacy assessment and no protocol
violations. Pre-specified comparisons for primary and secondary outcomes
were hypothesis-driven and not adjusted for multiple testing. Exploratory
and tertiary outcome analyses were considered hypothesis-generating,
and likewise no formal corrections were made. All longitudinal outcomes
(primary, secondary, and periodontal) were analysed using linear
mixed-effect models with random intercepts. The models included the re-
spective baseline measurement, treatment group (represented by one
dummy variable), stage of study visit (i.e. 12 months, 24 months and also
2, 6, and 18 months, if available), and a treatment time inter-action term
as explanatory variables. Additional co-variates included age, sex, ethnicity,
smoking status, family history of CVD, and body mass index (BMI). Baseline
values were not adjusted. Normality of outcomes was assessed using the
Shapiro—Wilks test. Where appropriate, outcomes were log- or
square-root-transformed; results were back-transformed for interpret-
ation. We reported marginal means and 95% confidence intervals (Cl) for
each treatment group at each time point. Between-group differences in
marginal means and their 95% Cl were calculated, along with P-values for
hypothesis testing. To address baseline differences in cIMT and improve in-
terpretability of group effects over time, we additionally modelled the
change from baseline to follow-up for each participant (further details are
provided in the Supplementary Methods). Marginal means for change
from baseline were estimated for each group at each visit and
between-group differences in change scores were reported, along with
95% Cl and P-values. Correlation between changes in vascular and

biomarker endpoints was analysed using Spearman rank correlation. All
statistical analyses were conducted using R software version 4.3.2. A two-
sided P-value <.05 was considered statistically significant.

Role of the funding source

The funder contributed to study design but had no role in data collection,
analysis, interpretation, or manuscript writing. The corresponding author
had full data access and final responsibility for submission.

Results

Patients’ characteristics
Between March 2013 and December 2017, 521 consecutive patients
with PD were screened (Figure 1) and 135 were enrolled and rando-
mized to IPT (N =68) or CPT (N =67).

Baseline characteristics were comparable between groups (Table 7).
Participants were predominantly females, of white ethnicity, former
smokers, and slightly overweight. Systolic and diastolic blood pressure
values and lipid fractions were within normal ranges, as consistent with
a low CV risk profile (Table 1). hsCRP values were <2 mg/L in both
groups. No participants reported regular medication use at baseline
or during follow-up.

No lifestyle, dietary, or anthropometric changes were reported dur-
ing follow-up. PD severity and drop-out rates were similar between
groups (9% of total loss to follow-up). Participants had comparable
PD profiles (severity and extent) to those in our previous trials.> No
serious adverse events occurred in either groups.

At the 2-month review, 42 participants in the IPT group underwent
corrective periodontal treatment, the remainder received repeat IPT.

Periodontal measurements

At 24 months all periodontal indices—including dental plaque and gin-
gival bleeding scores, probing pocket depths and clinical attachment le-
vels—were substantially lower in the IPT group compared with CPT
(see Supplementary data online, Table S1). Differences were already
evident by 2 months and persisted throughout the study. The number
of periodontal pockets >5 mm and >6 mm was also lower in the IPT
group from 2 months onwards compared with CPT (see
Supplementary data online, Table S7). No difference in number of teeth
was observed between groups at all time points.

Carotid intima-media thickness

At 24 months, cIMT was lower in IPT group than in CPT (Figure 2A and
Table 2). The adjusted between-group difference in cIMT at 24 months
was —0.02 mm (95% CI —0.03 to —0.02 mm), controlling for baseline
cIMT, age, sex, ethnicity, smoking status, family history of CVD, and
BMI. The between-group differences in cIMT at 12 and 24 months cor-
responded to —1.22% and —3.86%, respectively, in favour of the IPT
group. The analysis examining the changes in cIMT from baseline to
12 and 24 months confirmed a difference between the IPT and CPT
groups (Table 2). Furthermore, compared with the IPT group, a higher
number of patients in the CPT group experienced a progression of the
cIMT at 12 and 24 months. Indeed, at 12 months, 11 patients in the CPT
group experienced an increase of the cIMT >0.01 mm, compared with
only 4 patients in the IPT group. At 24 months, in the CPT group 44
patients experienced an increase in the cIMT >0.01 mm, while 13 pa-
tients showed an increase of >0.02 mm compared with baseline. In
the IPT group, only 1 patient had an increase in the cIMT >0.01 mm,
and none had an increase of >0.02 mm from baseline to 24 months
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Figure 1 Study flowchart according to Consort recommendations

(see Supplementary data online, Figure S7). A post hoc analysis stratifying
participants by the median values of cIMT at baseline showed consistent
results with those of the primary analyses. Indeed, in both strata with
thicker and thinner cIMT at baseline, the difference between IPT and
CPT groups at 24 months was —0.02mm (95% Cl —-0.03 to
—0.02 mm; P <.0001).

Secondary outcomes

Flow-mediated dilatation, glyceryl
trinitrate-mediated dilatation, blood pressure, and
pulse wave velocity

FMD was higher in the IPT group compared with CPT at 2 months
(Figure 2B and Table 2). This difference persisted throughout follow-up:
at 24 months, FMD was 2.7% (95% Cl 2.2% to 3.1%) higher in IPT (7.9%,
95% Cl 7.5 to 8.3) compared with the CPT (5.2%, 95% ClI 4.9 to 5.6).
No substantial group differences were observed in GTN-mediated dila-
tation, PWV, or blood pressure at any time point (Table 2).

Explanatory outcomes

hsCRP was lower in the IPT group compared with the CPT group at 24
months (Figure 3A). Glycoprotein acetyls (GlycA) declined early after
IPT and closely mirrored FMD changes (Figure 3B). Between-group
GlycA differences were evident by 6 months (IPT vs CPT: —0.05,
95% Cl —0.08 to —0.02 mmol/L) and persisted at 24 months (IPT vs
CPT: —0.05, —0.08 to —0.02 mmol/L) (Figure 3B). No other differences
in metabolomic markers were detected (see Supplementary data
online, Table S2). The d-ROM test showed lower reactive oxygen

Analysed ITT (n= 68)

metabolites in IPT compared with CPT at 24 months (difference:
—63 U Carr, 95% ClI —88 to —37) (Table 2).

Exploratory analyses assessed correlations between cIMT, FMD,
periodontal parameters, and biomarkers levels (Supplementary File).
Changes in cIMT over 24 months correlated with FMD, GlycA,
hsCRP, and d-ROM levels. Changes in cIMT and inflammatory markers
also correlated with improvements in periodontal indices.

Discussion

This randomized trial demonstrated that intensive treatment of PD im-
proves endothelial function, reduces systemic inflammation and oxida-
tive stress, and may attenuate arterial wall remodelling (as measured by
cIMT) in otherwise healthy individuals over 24 months (Structured
Graphical Abstract). The absence of group differences in blood pressure
and most metabolomic markers suggests these vascular improvements
occurred independently of traditional CV risk factors. Importantly,
structural changes in arterial wall appeared after sustained improve-
ments in endothelial function and correlate with them, supporting
the hypothesis that endothelial dysfunction contributes to vascular
remodelling.

We previously showed that IPT reduces systemic inflammation (as-
sessed by hsCRP) and oxidative stress (assessed by d-ROM test) when
compared with control treatment (CPT).>* In this study, we extend
these findings by demonstrating that changes in cIMT correlate with
changes in FMD, GlycA, hsCRP and oxidative stress. This suggests
that durable improvements in endothelial function and reductions in in-
flammatory and oxidative burdens may mediate IPT-induced changes in
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Table 1 Baseline characteristics of the study participants

CPT (n=67) IPT (n=68)
Age(years) seps o] 56[48,59]

Sex

Male 29 (43.3) 31 (45.6)

Female 38 (56.7) 37 (544)
Ethnicity

White 40 (59.7) 39 (574)

Asian 11 (16.4) 15 (22.1)

African 11 (16.4) 6 (8.8)

Afro-Caribbean 2 (3.0) 7 (10.3)

Other 3 (4.5) 1(1.5)
Smoking history

Never 24 (35.8) 24 (35.3)

Current 15 (22.4) 15 (22.1)

Former 28 (41.8) 29 (42.6)
Family history of cardiovascular diseases

Positive 28 (41.8) 24 (35.3)

Negative 39 (58.2) 44 (64.7)
Other clinical characteristics

Body mass index (kg/m?) 26.0 [22.9, 28.6] 25.9 [23.9, 284]

Total cholesterol (mmol/L) 4.95 [4.32,5.54] 4.87 [4.40, 5.43]

LDL-cholesterol (mmol/L) 1.99 [1.69, 2.26] 1.96 [1.69, 2.37]

HDL-cholesterol mmol/L 1.42 [1.21, 1.60] 1.35[1.16, 1.62]

Triglycerides (mmol/L) 1.02 [0.74, 1.34] 0.93 [0.74, 1.15]

Plasma glucose (mmol/L) 4.60 [4.31,4.97] 4.50 [4.34, 4.82]

Primary outcome

Common carotid-intima media thickness (mm)

Secondary vascular outcomes

0.58 [0.54, 0.65]

0.60 [0.54, 0.64]
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Flow-mediated dilatation (%) 6.0[4.3,9.0] 6.3[3.7,82]
Glyceryl trinitrate-mediated dilation (%) 17.4 [14.6, 22.0] 17.3[14.5,20.2]
Carotid-to-femoral pulse wave velocity (m/s) 7.2[6.2,82] 741[6.5, 8.0]
Systolic blood pressure (mm Hg) 120 [110, 132] 122 [112,133]
Diastolic blood pressure (mm Hg) 78 [72, 86] 79 [75, 83]
Periodontal outcomes
Number of teeth (n) 28 [26, 29] 28 [26, 30]
Full mouth dental plaque score (%) 54 [41, 67] 58 [34, 72]
Full mouth gingival bleeding score (%) 49 [36, 67] 51[42, 67]
Periodontal probing pocket depth (mm) 4.0 [3.6, 44] 39 [3.6, 4.5]
Clinical attachment level (mm) 4.9 [4.1, 5.6] 5.11[43,61]
Number of periodontal pockets (PPD >3 mm) (n) 80 [62, 99] 83 [69, 104]
Number of pockets PPD >5 mm 59 [42, 72] 60 [43, 81]

Continued
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Table 1 Continued

Number of pockets PPD >6 mm
Exploratory outcomes

High-sensitivity C-reactive protein (mg/dL)

Glycoprotein acetyls (mmol/L)

dROM (U Carr)

CPT (n=67) IPT (n = 68)
"""""""" 119,420 7 31pes)
121058, 2.8] 12107, 2.9]

0.80 [0.75, 0.87] 0.84 [0.76, 0.94]

340 [288, 408] 318 [279, 389]

Values are expressed as median [inter-quartile range] or n (%).

IPT, intensive periodontitis treatment; CPT, control periodontitis treatment; BMI, body mass index; PPD, probing pocket depth; LDL, low-density lipoprotein; HDL, high-density

lipoprotein.
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T T T
12 months 24 months

* p<0.0010r %% p<0.0001 for the difference between IPT and CPT

(o8]

*CPT - IPT
8.5 - ** *k *x *k
*k

8.0
7.5
7.0
2.66%

6.5 (2.24103.09)
6.0

5.5

Flow-Mediated Dilation (%)

5.0

0 T T T T T T
Baseline 2months 6 months 12months 18 months 24 months
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Figure 2 Changes in the vascular phenotype during the study peri-
od. (A) Changes in carotid intima-media thickness (cIMT) at 12 and 24
months following periodontal therapy. (B) Changes in the flow-
mediated dilatation (FMD) induced by IPT and CPT during the clinical
trial. Baseline values represent the observed mean cIMT while values
reported for follow-up time points represent adjusted predictions, re-
flecting mean values derived from fixed effects. Error bars at each time
point represent the 95% confidence intervals obtained from the fixed
effect models.

cIMT. Collectively, these findings support a potential causal link be-
tween PD and vascular remodelling and provide insight into its under-
lying mechanisms. These results highlight the potential public health
impact of promoting oral health to reduce the global morbidity and
mortality burden related to CVD.

Two prior studies have examined the effect of the treatment of PD on
cIMT. Piconi et al. reported reductions in inflalmmation and early athero-
sclerotic changes in 35 otherwise healthy individuals. Improvement in

inflammatory and adhesion/activation biomarkers was accompanied by
dMT reduction following therapy.”® Ancther trial involving 168
Aboriginal Australians assessed the effect of one session of non-surgical
periodontal therapy on cIMT. It showed a difference in maximum c/MT
but not mean cIMT at 12 months.'® The absence of vascular functional
or metabolomic data limit insights into mechanisms linking PD to vascular
changes. Building on our previous work, we replicated a validated study
protocol to investigate multiple vascular and systemic response to the
treatment of PD.>* To reduce confounding, we recruited participants
not on regular medications, and conducted the study in a single centre, en-
suring standardized procedures. We used a validated, reproducible proto-
col to measure cIMT that previously captured associations with endothelial
dysfunction in pre-clinical populations.'® This approach allowed us to rep-
licate previously observed improvements in endothelial function and now
provide evidence that PD may lie on the causal pathway for structural ar-
terial changes, driven by endothelial function and systemic inflammation.

Previous meta-analyses and reviews have reported inconsistent find-
ings regarding the association between cIMT reduction and lower CVD
risk."””~"? Although these findings raised question about the clinical rele-
vance of cIMT,* methodologic flaws limited their conclusions.!
Genetic studies have shown overlap between loci associated with
cIMT and traits such as atherosclerotic plaques, coronary heart disease
and stroke.”” These data support cIMT as a surrogate for future CV and
cerebrovascular risk. This reinforces the utility of cIMT in evaluating
early CV prevention strategies in low-risk populations. Indeed, cIMT re-
mains a widely used endpoint in prospective studies.”>** A recent sys-
tematic review and meta-analysis of 119 RCTs (N =100 667 patients
and 12 038 incident CVD events) estimated that each 0.010 mm/year
reduction in cIMT progression reduced CVD risk by ~10%.° In this low-
risk population with PD, IPT produced comparable reductions in cIMT
over 24 months. Whether this translates into reduced CV event rates
remains to be confirmed in future outcome studies.

Our findings suggest that treatment of PD did not substantially affect
arterial stiffness, as assessed by carotid-to-femoral PWV. This may re-
flect limited statistical power, as PWV was not the primary outcome.
Notably, the SPARTE trial found that targeting arterial stiffness—
beyond guideline-directed blood pressure control—did not reduce
CV events.” These findings support the view that carotid-to-femoral
PWV may reflect arterial wall remodelling but not necessarily plays a
causal role in CVD pathogenesis.

The cIMT changes observed after IPT appeared to be largely inde-
pendent of traditional CV and metabolomic risk factors. Prior studies
have similarly shown that cIMT progression is only partly explained
by conventional risk factors,® suggesting other contributors to vascular
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Figure 3 Changes in inflammatory markers during the study period. Changes in (A) high-sensitivity C-reactive protein (hsCRP) and (B) glycoprotein
acetyl Aat 2, 6, 12, 18, and 24 months following periodontal therapy. Baseline values represent the observed mean carotid intima-media thickness while
values reported for follow-up time points represent adjusted predictions, reflecting mean values derived from fixed effects. Error bars at each time point
represent the 95% confidence intervals obtained from the fixed effect models.

remodelling. Inflammation and oxidative stress are increasingly recog-
nized as key modulators of vascular health. In our study, changes in
cIMT correlated with reductions in inflammatory and oxidative stress
biomarkers. These associations were observed in participants with
hsCRP <2 mg/L—a level indicative of low but potentially relevant re-
sidual inflammatory risk.”® However, GlycA levels declined earlier and
more closely mirrored changes in FMD than hsCRP, suggesting superior
sensitivity to vascular improvement. We have previously shown that
GlycA reflects low-grade inflammation linked to adverse CV risk pro-
files, even in otherwise healthy participants.”” Other large
cohorts-including the Women’s Health Study,?® PREVEND,?’ MESA,*
and JUPITER®" have reported that GlycA independently predicts incident
CV events. These findings suggest that GlycA may serve as biomarker to
identify patients with PD most likely to derive CV benefit from the treat-
ment of PD. Although mechanistic pathways remain speculative, we
previously reported that accelerated biological ageing—reflected in bio-
marker profiles—was associated with faster vascular remodeling®* and
more pronounced in patients with PD, potentially due to elevated sys-
temic oxidative stress."*** We also demonstrated that the link between

vascular ageing and inflammation persists even in individuals with low in-
flammatory burden.** Taken together, our data support the hypothesis
that vascular remodelling not explained by traditional CV risk factors may
reflect vascular ageing driven by chronic inflammation and oxidative
stress.

This study has several limitations that should be acknowledged. Being
a single-centre trial, findings may be influenced by local procedures and
may not be fully generalizable. The absence of group differences in me-
tabolomic markers or PWV may reflect limited power for detecting
secondary outcomes. Patient-reported outcomes were not collected,
which might have provided additional context on vascular health and
quality of life. Although cIMT changes fell within the ‘normal’ ranges,
their clinical relevance may be questioned. However, studies have
shown that even cIMT values within ‘normal’ ranges can predict CV
events, particularly in younger individuals, where they improve risk
stratification beyond traditional scores.* 7 To further assess the im-
pact of baseline cIMT on the study results, we conducted a post hoc
stratified analysis. The observed treatment effects remained robust,
confirming the consistency of our findings. Finally, no correction for

920z 1dy Bz U0 1saNB Aq 91/6/£28/GGSHEYD/MIEBYING/EE0L 0 /I0P/3[0IUE-00UBADE/LIESYING/WIO0 dNODILSPEDE//:SANY WO} POPEOJUMOQ



PD treatment and progression of cIMT

1

multiple comparisons was applied to exploratory analyses, increasing
the potential for type | error. These findings should be viewed as
hypothesis-generating and warrant replication in future studies.
Strengths include a rigorous, validated imaging protocol for both
FMD and cIMT, and the successful execution of a well-controlled
RCT in patients with severe PD. We also employed metabolomics to
explore potential mechanisms underlying the vascular benefits of IPT.

Conclusions

Treatment of PD improves endothelial function, lowers systemic inflam-
mation and oxidative stress, and favourably modifies structural vascular
health. These effects may translate into reduced long-term CV risk.
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