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Impact of subgingival periodontal
treatment on systemic markers of
inflammation in patients with
metabolic syndrome: a systematic
review of randomized clinical trials
Marie Chavez1, Asshly Ramirez1, Akram Hernández-Vásquez2,
Daniel Comandé3 and Diego Azañedo1*
1Universidad Científica del Sur, Lima, Peru, 2Centro de Excelencia en Investigaciones Económicas y
Sociales en Salud, Vicerrectorado de Investigación, Universidad San Ignacio de Loyola, Lima, Peru,
3Instituto de Efectividad Clínica y Sanitaria (IECS), Buenos Aires, Argentina
Introduction: This study synthesizes evidence on the impact of subgingival
periodontal treatment combined with antibiotics on reducing systemic
inflammation markers—C-reactive protein (CRP), interleukins, and tumor necrosis
factor-alpha (TNF-α)—in patients with metabolic syndrome (MS) and periodontal
disease (PD), compared to supragingival periodontal treatment with placebo.
Methods: Randomized clinical trials (RCTs) published in English, Spanish, or
Portuguese that addressed the research question were included. A search was
conducted in eight databases (PubMed, EMBASE, CINAHL, LILACS, Scopus,
WoS Core Collection, Dentistry & Oral Science Source, and Cochrane Central)
on June 20, 2023. Risk of bias was assessed using the Cochrane RoB 2 tool,
and evidence certainty was evaluated following GRADE guidelines.
A qualitative synthesis of the evidence was performed.
Results: Two RCTs with 228 participants (ages 35–65) were included. Montero
et al. reported significant reductions in CRP levels favoring the treatment
group at 3 months (2.7 mg/L ± SE: 0.4 vs. 3.9 mg/L ± SE: 0.6; p= 0.001) and 6
months (2.9 mg/L ± SE: 0.4 vs. 4.0 mg/L ± SE: 0.8; p= 0.004). Lopez et al.,
however, found no significant differences throughout follow-up. Only Montero
et al. reported on interleukin 1β and TNF-α, observing significant reductions at
3 months for interleukin 1β (0.9 pg/dl ± SE: 0.1 vs. 2.3 pg/dl ± SE: 0.5;
p= 0.046) and TNF-α (6.4 pg/dl ± SE: 0.8 vs. 10.0 pg/dl ± SE: 2.3; p= 0.037).
Discussion: The evidence is limited by the small number of comparative RCTs.
One RCT with low risk of bias demonstrated significant reductions in CRP,
interleukins, and TNF-α levels at 3 months and CRP at 6 months. The other,
with unclear risk of bias, showed no differences in CRP up to 12 months.
Findings suggest that subgingival periodontal treatment with antibiotics
reduces systemic inflammation for up to 6 months in patients with MS and
PD. However, larger RCTs with standardized methods and longer follow-up
are needed to confirm these results.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/
display_record.php?ID=CRD42022366056, PROSPERO (CRD42022366056).
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1 Introduction

Periodontal disease is a common condition in patients with

metabolic syndrome (1). Metabolic syndrome is a set of

metabolic alterations, which include the presence of central

obesity, decreased high-density lipoprotein (HDL) cholesterol,

altered triglyceride (TG) concentrations, hypertension and

hyperglycemia (2). In periodontal disease, the epithelium of the

subgingival pocket is inflamed and ulcerated, facilitating the

entry of various pathogenic microorganisms from dental plaque,

leading to bacteremia (3). This condition triggers the production

of inflammatory markers, such as interleukin-1-beta (IL-1β),

tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6) and

prostaglandin E2 (PGE2). These markers can spread to the

bloodstream and trigger a systemic inflammatory response (3).

Periodontal disease may also increase the risk of a cardiovascular

event as recurrent bacteremia with periodontal pathogens can

damage vascular endothelium and smooth muscle cells leading to

atherosclerosis (4). Therefore, chronic systemic inflammation

generated as a consequence of metabolic syndrome and

periodontal disease may be a common factor between these two

diseases, leading to an increased risk of developing

atherosclerosis (5).

Evidence suggests that subgingival periodontal treatment,

together with systemic antibiotics, in patients with metabolic

syndrome and periodontal disease, could improve the systemic

inflammation present in these patients, which would be

evidenced by a reduction in markers such as C-reactive protein

(CRP), interleukins, and TNF-α (5, 6). Thus, for example, one of

the randomized clinical trials (RCTs) published on the subject

reported that receiving intensive periodontal treatment (IPT)

(scaling and root planing plus azithromycin 500 mg every day

for three days) in patients with metabolic syndrome and severe

periodontitis was associated with significant reductions in CRP,

IL-1β, and TNF-α levels for up to 6 months of follow-up (6).

However, to date there is no systematization of the evidence

regarding the efficacy of these therapies in these patients.

The aim of this study was to determine the impact of

subgingival treatment plus antibiotic therapy on the reduction of

systemic markers of inflammation in patients with metabolic

syndrome and periodontal disease by means of a systematic

review of RCTs. The evidence generated could be useful for

clinical decision making in the management of patients with

metabolic syndrome and periodontal disease, and could also

serve to identify gaps in knowledge for future research on

the subject.
2 Methods

The present study is a systematic review of RCTs. The search

protocol was registered in PROSPERO (CRD42022366056), and

the present manuscript follows the guidelines of the PRISMA

(Preferred Reporting Items for Systematic Reviews and Meta-

Analyses) statement for reporting (7).
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2.1 Eligibility: inclusion and exclusion
criteria

We included original articles from RCTs, that addressed the

components of the research question as follows:

P: Patients with metabolic syndrome and periodontal disease.

I: Subgingival periodontal treatment (scaling and root

planing) + antibiotics.

C: Supragingival scaling treatment + placebo.

O: Systemic markers of inflammation [CRP [mg/L], interleukins

[pg/dl], TNF-α [pg/dl]].

Other local secondary outcomes: Plaque index (PI), bleeding on

probing (BOP), presence of periodontal pockets (PPP),

clinical attachment loss (CAL).

Other secondary systemic outcomes: systolic blood pressure

(SBP), diastolic blood pressure (DBP), mean arterial

pressure, glucose levels, HDL, low-density lipoprotein

(LDL) cholesterol, TG, body mass index (BMI), fibrinogen,

central obesity or abdominal circumference.

T: RCTs

Articles were required to be published in English, Spanish or

Portuguese, and to appear in journals indexed in the consulted

databases. Exclusion criteria encompassed systematic reviews,

observational studies with or without comparison groups, editorials,

letters to the editor, congress abstracts, and case reports and series.

Different definitions for metabolic syndrome were considered

including those of the International Diabetes Federation (IDF) (8),

World Health Organization (WHO) (9), National Cholesterol

Education Program (NCEP), Adult Treatment Panel III (ATP III)

(10) and European Group for the Study of Insulin Resistance (11).

To define periodontal disease, definitions from the American

Dental Association (12), the American Academy of

Periodontology (13) and the WHO (14) were considered.
2.2 Sources of information and search
strategies

Searches were conducted in PubMed, EMBASE, CINAHL

(Cumulative Index to Nursing and Allied Health Literature), LILACS

(Latin American and Caribbean Health Sciences Literature), Scopus,

Web of Science (WOS) Core Collection, Dentistry & Oral Science

Source, and Cochrane Central databases on June 20, 2023. No

language, country of origin or temporal restrictions were applied at

the time of the searches. The search strategies used in the different

databases are shown in Supplementary Material 1.
2.3 Study selection and data extraction

The search strategy was developed by the research team in

collaboration with an expert medical research librarian (DC). For

the elimination of duplicates, the methodology proposed by

Bramer et al. (15) was followed. Subsequently, 88 references were

obtained and uploaded to the Rayyan web tool (16), and two
frontiersin.org
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authors (MC and AR) excluded 86 articles by blind and independent

evaluation of their titles and abstracts, leaving only 2 articles selected

for full-text review, which preliminarily met the selection criteria

(Figure 1). In both phases, discrepancies were resolved by

discussion between the two reviewers (MC and AR), and, if the

discrepancy persisted, a third author (DA) was consulted.

A data extraction table was made in Excel to collect

information from scientific studies. Two authors, MC and AR,

entered the following data: article code, author, year of

publication, journal name, country, type of study, number of

participants, mean age, proportion of patients by sex,

intervention and control details, and follow-up time. In addition,

baseline and follow-up values of inflammatory markers (CRP

mg/L, interleukins pg/dl, TNF pg/dl), as well as estimators of PI,

BOP, PPP, CAL, blood pressure, glucose levels, HDL cholesterol,

LDL cholesterol, TG, BMI, and fibrinogen were recorded.

The quality assessment of the studies was performed

independently and blinded by two investigators using version 2

of the Cochrane Revised Risk of Bias Assessment Tool for

Randomized Trials (RoB 2) (17) (Figures 2, 3). The certainty of
FIGURE 1

Flowchart of the study selection process. The diagram shows the number of
review. Initially, 193 studies were identified through database searches and o
and abstract, of which 86 were deemed irrelevant. Reasons for exclusion inc
animals instead of humans. Two reports were sought for retrieval, and both w
were included in the review.
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evidence for each outcome was assessed according to The

Grading of Recommendations Assessment, Development and

Evaluation (GRADE) guidelines (18) (Figure 4).
3 Results

3.1 Study selection

The search strategy led to the identification of 88 study records.

Two of the records were included in the title and abstract selection,

which were also included in the full-text evaluation, after assessing

their eligibility using the pre-established selection criteria

[López et al. (5); Montero et al. (6)].
3.2 Characteristics of the included studies

The study presented by Montero et al. is defined as a double-

blind, parallel-arm RCT. Participants were randomized to receive
studies identified, evaluated, and selected for inclusion in the systematic
ther sources. After removing duplicates, 88 studies were screened by title
luded lack of relevance to our PICOT question and studies conducted on
ere assessed for eligibility. Finally, 2 studies met the inclusion criteria and
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FIGURE 3

Risk of bias assessment across different domains. This figure illustrates the risk of bias assessments for the included studies across various domains.
The domains evaluated include the randomization process, deviations from intended interventions, missing outcome data, measurement of the
outcome, and selection of the reported result. The overall bias is also presented. The risk levels are categorized as low risk, some concerns, and
high risk, and are displayed as percentages based on an intention-to-treat analysis.

FIGURE 2

Summary of study characteristics and risk of bias assessments. This table presents the details of the studies included in the review, including study IDs,
experimental and comparator groups, outcomes, and risk assessments across various domains. The outcome measured in both studies was CPR
(C-reactive protein). López 2012 was assessed as low risk overall, while Montero 2020 had some concerns overall and high risk in specific domains..
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either IPT, which included scaling and root planing (subgingival

treatment) along with daily administration of azithromycin

500 mg for 3 days, or minimal periodontal treatment, which was

comprised of supragingival professional mechanical removal of

dental plaque plus placebo administration. This study was

conducted over a 6-year period, from November 2012 to June

2018, with a 6-month follow-up. The research was conducted in

Fuenlabrada, Madrid, Spain. Initially, participants were evaluated

at the beginning of the study, and then underwent follow-ups at

3 and 6 months after the intervention. These follow-ups included

clinical periodontal measurements, such as PPP, clinical

attachment level and BOP, as well as PI and gingival index

estimators. In addition, blood tests were performed to evaluate

inflammatory markers, including serum levels of high-sensitivity

CRP (hs-CRP), α-1 antitrypsin, fibrinogen and other markers,

such as interleukins (IL-1β, IL-6, IL-8) and TNF-α. Metabolic

parameters, such as glycosylated hemoglobin (HbA1c), fasting

glucose, lipids and blood pressure, were also evaluated.
Frontiers in Oral Health 04
On the other hand, the study by López et al. was a double-

blind, parallel-arm RCT, in which 2 treatment groups were also

established. One group of patients underwent plaque control,

scaling and root planing, together with systemic antibiotic

treatment of amoxicillin 500 mg and metronidazole 250 mg, 3

times a day for 7 days, 1 week before starting root planing, while

the other group received instructions for plaque control,

supragingival scaling and two placebos instead of the specific

antibiotics. This study was conducted in Santiago, Chile, and

followed the participants for a period of one year. During this

time, follow-up visits were made at 3, 6, 9 and 12 months after

the experimental therapy. At these visits, periodontal clinical

parameters, such as PI and BOP estimators, were recorded. In

addition, medical evaluations were performed including

measurements of cholesterol, glucose, BMI, blood pressure, CRP

and blood fibrinogen.

A total of 228 participants, aged between 35 and 65 years, were

included in the two selected studies. Both studies evaluated CRP
frontiersin.org
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FIGURE 4

Summary of findings.
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levels at 3 and 6 months, while only one extended the evaluation to

9 and 12 months (5). In the case of Montero et al., the primary

outcomes were hs-CRP, inflammatory markers, such as α-1

antitrypsin, fibrinogen, IL-1β, IL-6, IL-8, TNF-α, and as

secondary outcomes metabolic parameters including HbA1c,

fasting glucose and lipid profile (total cholesterol, HDL

cholesterol, LDL cholesterol, TG), BMI and blood pressure, as

well as periodontal clinical parameters, such as PI, BOP, BP, and

clinical attachment level. In the study by López et al., only CRP

was considered as the primary outcome. Secondary outcomes

included fibrinogen, as well as periodontal parameters, such as PI

and BOP, metabolic parameters including fasting glucose, lipid

profile (HDL cholesterol, TG), BMI and blood pressure.
3.3 Assessment of risk of bias of the results

The summary of the risk of bias is illustrated in Figures 2, 3.

Regarding bias for the primary outcome of CRP, the study by

Montero et al. indicated a low risk of bias, whereas the study by

Lopez et al. was rated as unclear.

Regarding the randomization process, the study by López et al.

was rated with unclear risk of bias, because it used a minimization

method to assign the participants to the treatment groups due to

differences in baseline characteristics, with the aim of reducing

possible bias in the assignment. Montero’s study was rated as low

risk of bias.

In relation to the intended interventions, the study by Montero

et al. had a low risk of bias. However, the study by López et al. was

unclear, as they excluded data from patients with recurrent

systemic infections due to the high and distorted CRP values

associated with acute infections. This exclusion was considered

necessary according to the authors, to avoid compromising the

study objectives and affecting the intention-to-treat analysis. It is

relevant to note that the excluded participants represented less

than 5% of the total.

Regarding missing outcome data, in both studies, a low risk of

bias was observed due to the availability of data for most

participants. However, in the Lopez et al. study, data from

patients with recurrent infections were excluded, with data being

available for more than 95% of participants.

In terms of outcome measurement, both studies had a low risk

of bias due to double blinding of the studies and appropriate

methods to measure the results.

Regarding the selection of reported CRP outcomes, both

studies demonstrated a low risk of bias. This was because they

used pre-specified data analyses for this outcome before the

actual results were known. Furthermore, in the Lopez et al.

study, all CRP results were reported both in their original form

and after logarithmization of the result.
3.4 Evaluation of the certainty of the results

The results are summarized in Figure 4.
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In this systematic review, the studies by López et al. and

Montero et al. were found to have a very low to moderate

certainty. In the analysis, all variables had a level of certainty

ranging from low to moderate, except for TG. The decrease in

certainty was attributed to two common factors: first, a sample

size of less than 400 patients affects precision. In addition, the

presence of wide confidence intervals also contributes to a

further reduction in the level of precision in these outcomes

(CRP, IL-1β, TNF-α, SBP, DBP, HbA1c, TG, BMI, fibrinogen,

LDL and HDL) (19). On the other hand, in relation to the TG

variable, it was the only variable with a very low certainty. This

is due to the risk of bias, which turned out to be serious due to

the missing data in that result, and when considering the two

factors mentioned above, the certainty decreased considerably.
3.5 Individual results of the studies included

3.5.1 Primary outcomes
3.5.1.1 CRP
Only one of the studies reported significant differences in favor of

the treatment group. Montero et al. found significant differences in

favor of the treatment group at 3 months [2.7 mg/L ± standard

error (SE): 0.4 vs. 3.9 mg/L ± SE: 0.6; p = 0.001] and at 6 months

(2.9 mg/L ± SE: 0.4 vs. 4.0 mg/L ± SE: 0.8; p = 0.004). On the

other hand, Lopez et al. reported no significant differences at 3

months (4.25 mg/L vs. 4.40 mg/L), 6 months (4.58 mg/L vs.

3.57 mg/L), 9 months (4.2 mg/L vs. 4.31 mg/L) and at 12 months

(3.62 mg/L vs. 2.91 mg/L) (Table 1).

3.5.1.2 IL-1β
Only the study by Montero et al. reported IL-1β values.

describing significant differences in favor of the treatment group

at 3 months (0.9 pg/dl ± SE: 0.1 vs. 2.3 pg/dl ± SE: 0.5; p = 0.046)

but not at 6 months (1.5 pg/dl ± SE: 0.2 vs. 1.5 pg/dl ± SE: 0.2;

p = 0.601) (Table 1).

3.5.1.3 TNF-α
Only one of the studies reported TNF-α values, with Montero et al.

finding significant differences in favor of the treatment group at 3

months (6.4 pg/dl ± SE: 0.8 vs. 10.0 pg/dl ± SE: 2.3; p = 0.037) but

not at 6 months (6.3 pg/dl ± SE: 0.8 vs. 8.2 pg/dl ± SE: 1.4;

p = 0.333) (Table 1).

3.5.2 Local secondary outcomes
3.5.2.1 PI
Both studies showed reductions in the percentage of PI in the

treatment compared to the control group. According to Montero

et al., there were significant differences in both groups in favor of

the treatment group at 3 months [0.8% ± 0.3 standard deviation

[SD] vs. 1.3% ± 0.7(SD); p = 0.002] and at 6 months [0.8% ± 0.3

(SD) vs. 1.2% ± 0.6(SD); p = 0.013]. On the other hand, Lopez

et al. reported no significant differences at 3 months (53.26% vs.

56.20%; p > 0.05), 6 months (51.22% vs. 55.29%; p > 0.05), 9

months (51.22% vs. 55.07%; p > 0.05) or at 12 months (48.03%

vs. 56.20%; p < 0.05) (Table 1).
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TABLE 1 Subgingival periodontal treatment + antibiotics vs. supragingival cleaning treatment + placebo in patients with metabolic syndrome and periodontal disease.

Article Procedure Primary outcomes Local secondary outcomes Systemic secondary outcomes

Treatment group Control group Treatment group Control Group Treatment group Control Group Treatment group Control Group
López et al. (5) PCRP + AMX +MTR PC + SGS + two placebo CRP (mg/L) (mean ± SD)<> Estimators of plaque index (%) (mean ± SD) Systolic Blood pressure (mmHg)

(mean ± SD)<>
BL: 4.43 ± 3.05 BL: 4.39 ± 3.17 BL: 87.96 ± 13.89 BL: 85.15 ± 16.62 BL: 147 ± 6.8∼ BL: 149 ± 6.9∼
3 months: 4.25^,¶ 3 months: 4.40^,¶ 3 months: 53.26^,¶ 3 months: 56.20^,¶ 3 months: 143.13^,¶ 3 months: 144.27^,¶

6 months: 4.58^,¶ 6 months: 3.57^,¶ 6 months: 51.22^,¶ 6 months: 55.29^,¶ 6 months: 144.08^,¶ 6 months: 146.16^,¶

9 months: 4.2 ¶ 9 months: 4.31¶ 9 months: 51.22^,¶ 9 months: 55.07^,¶ 9 months: 147.11^,¶ 9 months: 145.97^,¶

12 months: 3.62¶ 12 months: 2.91¶ 12 months: 48.03*,^,¶ 12 months: 56.20*,^,¶ 12 months: 146.16^,¶ 12 months: 145.02^,¶

Log CRP (mg/L)<> Bleeding on probing (% of sites)

(mean ± SD)

Diastolic Blood pressure (mmHg)

(mean ± SD)<>
BL: 1.20¶,∼ BL: 1.20¶,∼ BL: 51.54 ± 17.13 BL: 51.22 ± 16.86 BL: 97 ± 4.1∼ BL: 98 ± 3.8∼
3 months: 1.06^,¶ 3 months: 1.24^,¶ 3 months: 22.50*,^,¶ 3 months: 36.61*,^,¶ 3 months: 95.92^,¶ 3 months: 94.98^,¶

6 months: 1.17^,¶ 6 months: 1.00^,¶ 6 months: 21.96*,^,¶ 6 months: 35.89*,^,¶ 6 months: 93.08^,¶ 6 months: 94.22^,¶

9 months: 1.06^,¶ 9 months: 0.82^,¶ 9 months: 22.86*,^,¶ 9 months: 35.18*,^,¶ 9 months: 94.98^,¶ 9 months: 96.11^,¶

12 months: 0.79^,¶ 12 months: 0.43^,¶ 12 months: 22.32*,^,¶ 12 months: 35.36*,^,¶ 12 months: 94.03^,¶ 12 months: 95.92^,¶

Glucose levels (mg/dl) (mean ± SD)<>
BL: 112.24 ± 45.16∼ BL: 106.60 ± 43.66∼
3 months: 110.58^,¶ 3 months: 110.58^,¶

6 months: 115.57^,¶ 6 months: 110.58^,¶

9 months: 110.99^,¶ 9 months: 112.24^,¶

12 months: 112.24^,¶ 12 months: 115.57^,¶

HDL cholesterol (mg/dl) (mean ± SD)<>
BL: 50.00 ± 12.87∼ BL: 50.18 ± 14.63∼
3 months: 50.96^,¶ 3 months: 51.86^,¶

6 months: 50.12^,¶ 6 months: 50.57^,¶

9 months: 48.82^,¶ 9 months: 50.62^,¶

12 months: 48.20^,¶ 12 months: 50.68^,¶

Triglycerides (mg/dl) (mean ± SD)<>
BL: 174.90 ± 101.13∼ BL: 158.80 ± 118.23∼
3 months: 173.55^,¶ 3 months: 167.98^,¶

6 months: 182.83^,¶ 6 months: 170.77^,¶

9 months: 185.61^,¶ 9 months: 173.55^,¶

12 months: 185.61^,¶ 12 months: 174.48^,¶

BMI (kg/m2) (mean ± SD)<>
BL: 29.96 ± 3.89∼ BL: 30.39 ± 4.26∼
3 months: 29.93^,¶ 3 months: 30.09^,¶

6 months: 30.51^,¶ 6 months: 29.96^,¶

9 months: 30.60^,¶ 9 months: 29.86^,¶

12 months: 30.54^,¶ 12 months: 29.97^,¶

(Continued)
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TABLE 1 Continued

Article Procedure Primary outcomes Local secondary outcomes Systemic secondary outcomes

Treatment group Control group Treatment group Control Group Treatment group Control Group Treatment group Control Group

Fibrinogen (mg/dl) (mean ± SD)<>
BL: 378 ± 102∼ BL: 337 ± 115∼
3 meses: 360.83^,¶ 3 meses: 348.16^,¶

6 meses: 338.25¶ 6 meses: 350.69^,¶

9 meses: 358.06^,¶ 9 meses: 360.83^,¶

12 meses: 352.53¶ 12 meses: 345.62^,¶

Montero et al. (6) SRP, US + AZM SRP + placebo (LACTOSE) CRP levels mg/L [mean (SE)] Estimators of plaque index (0–3)

(mean ± SD)

Systolic Blood pressure, mmHg [mean (SE)]

BL: 3.9 ± 2.9∼ BL: 3.9 ± 3.4∼ BL: 1.8 ± 0.4 BL: 1.9 ± 0.5 BL: 148.1 ± 21.5 BL: 138.6 ± 18.3∼
3 months: 2.7 ± 0.4* 3 months: 3.9 ± 0.6* 3 months: 0.8 ± 0.3* 3 months: 1.3 ± 0.7* 3 months: 136.4 ± 3.0* 3 months: 139.4 ± 2.7*

6 months: 2.9 ± 0.4* 6 months: 4.0 ± 0.8* 6 months: 0.8 ± 0.3* 6 months: 1.2 ± 0.6* 6 months: 136.4 ± 2.8 6 months: 144.4 ± 4.1

Interleukins-1B pg/dl [mean (SE)] Bleeding on probing (%)(mean ± SD) Diastolic Blood pressure, mmHg[mean (SE)]
BL: 1.5 ± 0.9∼ BL: 1.9 ± 1.2∼ BL: 59.8% ± 20 BL: 67.8% 20 BL: 91.3 ± 18.2∼ BL: 84.1 ± 11.2∼
3 months: 0.9 ± 0.1* 3 months: 2.3 ± 0.5* 3 months: 24.9% ± 17* 3 months: 48.4% ± 21* 3 months: 84.8 ± 3.8* 3 months: 89.6 ± 5.4*

6 months: 1.5 ± 0.2 6 months: 1.5 ± 0.2 6 months: 20.5% ± 11* 6 months: 51.6% ± 18* 6 months: 81.8 ± 2.8* 6 months: 86.9 ± 1.8*

TNF-α pg/dl [mean (SE)] Presence of periodontal pockets >4 mm

(mean ± SD)

HbA1c, %, [mean (SE)]

BL: 7.9 ± 6.2 BL: 8.7 ± 8.6∼ BL: 55.3% ± 22 BL: 59.7% ± 19 BL: 6.3 ± 1.2 BL: 6.0 ± 1.0∼
3 months: 6.4 ± 0.8* 3 months: 10.0 ± 2.3* 3 months: 13.9% ± 12* 3 months: 41.2% ± 23* 3 months: 5.9 ± 0.1* 3 months: 6.1 ± 0.2*

6 months: 6.3 ± 0.8 6 months: 8.2 ± 1.4 6 months: 11.2% ± 10* 6 months: 43.9% ± 21* 6 months: 6.0 ± 0.1 6 months: 6.1 ± 0.2

Clinical attachment loss/leves, mm

(mean ± SD)

HDL cholesterol, mg/dl[mean (SE)]

BL: 4.9 ± 1.0 BL: 5.2 ± 1.3∼ BL: 46.1 ± 13.3∼ BL: 46.9 ± 12.4∼
3 months: 3.9 ± 1.0* 3 months: 4.8 ± 1.4* 3 months: 46.2 ± 3.8 3 months: 47.1 ± 3.1

6 months: 3.8 ± 0.9* 6 months: 4.9 ± 1.3* 6 months: 47.2 ± 2.7 6 months: 48.4 ± 2.7

LDL cholesterol, mg/dl[mean (SE)]
BL: 114.3 ± 34.7∼ BL: 105.7 ± 44.9∼
3 months: 109.6 ± 8.5 3 months: 103.5 ± 7.0

6 months: 107.6 ± 6.6 6 months: 107.5 ± 8.3

Triglycerides, mg/dl[mean (SE)]
BL: 129.5 ± 52.3∼ BL: 136.6 ± 42.5∼
3 months: 136.5 ± 9.7 3 months: 155.4 ± 17.5

6 months: 125.6 ± 9.7 6 months: 131.7 ± 8.3

BMI, kg/m2 [mean (SE)]
BL: 39.1 ± 5.6∼ BL: 38.0 ± 4.7∼
3 months: 39.1 ± 1.6 3 months: 38.0 ± 1.6

6 months: 39.2 ± 1.6 6 months: 38.0 ± 1.6

(Continued)
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3.5.2.2 BOP
The findings of both studies suggest significant decreases in the

percentage of BOP in favor of the treatment group, mainly at 6

months of follow-up. According to Montero et al., there were

significant differences in favor of the treatment group at 3

months [24.9% ± 17(SD) vs. 48.4.8% ± 21(SD); p < 0.001] and at 6

months [20.5% ± 11(SD) vs. 51.6% ± 18(SD); p < 0.001]. On the

other hand, Lopez et al. reported significant differences in favor

of the treatment group at 3 months (22.50% vs. 36.61%;

p≤ 0.05), 6 months (21.96% vs. 35.89%; p≤ 0.05), 9 months

(22.86% vs. 35.18%; p≤ 0.05) and at 12 months (22.32% vs.

35.36%; p≤ 0.05) (Table 1).

3.5.2.3 PPP
Only one of the studies reported PPP values. Montero et al.

described significant differences in favor of the treatment group at

3 months [13.9% ± 12(SD) vs. 41.2% ± 23(SD); p < 0.001] and at 6

months [11.2% ± 10(SD) vs. 43.9% ± 21(SD); p < 0.001] (Table 1).

3.5.2.4 CAL
Only the study by Montero et al. reported CAL values, finding

significant differences in favor of the treatment group at 3

months [3.9 mm ± 1.0 (SD) vs. 4.8 mm ± 1.4 (SD); p = 0.010]

and at 6 months [3.8 mm ± 0.9 (SD) vs. 4.9 mm ± 1.3 (SD);

p < 0.001] (Table 1).

3.5.3 Systemic secondary outcomes
3.5.3.1 SBP
Only one of the studies reported significant differences in SBP

values at 3 months. According to Montero et al. there were

significant differences in favor of the treatment group at 3

months (136.4 mmHg ± SE: 3.0 vs. 139.4 ± SE: 2.7; p = 0.008) but

not at 6 months (136.4 mmHg ± SE: 2.8 vs. 144.4 mmHg ± SE:

4.1; p = 0.574). On the other hand, López et al. reported no

significant differences at 3 months (143.13 mmHg vs. 144.2 mmHg;

p > 0.05), 6 months (144.08 mmHg vs. 146.16 mmHg; p > 0.05), 9

months (147.11 mmHg vs. 145.97 mmHg) or at 12 months

(146.16 mmHg vs. 145.02 mmHg) (Table 1).

3.5.3.2 DBP
A decrease in DBP was observed in the treatment groups. Montero

et al. reported significant differences in favor of the treatment

group at 3 months (84.8 mmHg ± SE: 3.8 vs. 89.6 mmHg ± SE:

5.4; p = 0.019) and at 6 months (81.8 mmHg ± SE: 2.8 vs.

86.9 mmHg + SE: 1.8; p = 0.009). On the other hand, López et al.

found no significant differences at 3 months (95.92 mmHg vs.

94.98 mmHg; p > 0.05), 6 months (93.08 mmHg vs. 94.22 mmHg;

p > 0.05), 9 months (94.98 mmHg vs. 96.11 mmHg; p > 0.05) or

at 12 months (94.03 mmHg vs. 95.92 mmHg; p > 0.05) (Table 1).

3.5.4 Mean arterial pressure
No outcomes were identified for this outcome.

3.5.4.1 HbA1c
Only one of the studies reported HbA1c values. Montero et al.

described significant differences in favor of the treatment

group only at 3 months (5.9% ± SE: 0.1 vs. 6.1% ± SE: 0.2;
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p = 0.013) but not at 6 months (6.0% ± SE: 0.1 vs. 6.1% ± SE: 0.2;

p = 0.110) (Table 1).

3.5.4.2 Glucose levels
Only the study by Lopez et al. (5) reported glucose values and

found no significant differences at 3 months (110.58 mg/dl vs.

110.58 mg/dl; p > 0.05), 6 months (115.57 mg/dl vs. 110.58 mg/dl;

p > 0.05), 9 months (110.99 mg/dl vs. 112.24 mg/dl; p > 0.05).05),

9 months (110.99 mg/dl vs. 112.24 mg/dl; p > 0.05) or at 12

months (112.14 mg/dl vs. 115.57 mg/dl; p > 0.05) (Table 1).

3.5.4.3 HDL cholesterol
No significant differences were found between the treatment and

control groups. Montero et al. reported no significant differences

at 3 months (46.2 mg/dl ± SE: 3.8 vs. 47.1 mg/dl + SE:

3.1; p = 0.858) or at 6 months (47.2 mg/dl ± SE: 2.7 vs.

48.4 mg/dl ± SE: 2.7; p = 0.097). López et al. also reported no

significant differences at 3 months (50.96 mg/L vs. 51.86 mg/L;

p > 0.05), 6 months (50.12 mg/L vs. 50.57 mg/L; p > 0.05),

9 months (48.82 mg/L vs. 50.62 mg/L; p > 0.05) or at 12 months

(48.20 mg/L vs. 50.68 mg/L; p > 0.05) (Table 1).

3.5.4.4 LDL cholesterol
Only one of the studies reported LDL cholesterol values. Montero

et al. found no significant differences at either 3 months

(109.6 mg/dl ± SE: 8.5 vs. 103.5 mg/dl ± SE: 7.0; p = 0.327), or at

6 months (107.6 mg/dl + SE: 6.6 vs. 107.5 mg/dl + SE: 8.3;

p = 0.779) (Table 1).

3.5.4.5 TG
In relation to TG values, the study by Montero et al. reported no

significant differences at 3 months (136.5 mg/dl + SE: 9.7 vs.

155.4 mg/dl + SE: 17.5; p = 0.984) or at 6 months (125.6 mg/dl +

SE: 9.7 vs. 131.7 mg/dl + SE: 8.3; p = 0.895). López et al. also

reported no significant differences at 3 months (173.55 mg/L vs.

167.98 mg/L; p > 0.05) 6 months (182.83 mg/L vs. 170.77 mg/L;

p > 0.05) 9 months (185.61 mg/L vs. 173.55 mg/L; p > 0.05) or at

12 months (185.61 mg/L vs. 174.48 mg/L; p > 0.05) (Table 1).

3.5.4.6 BMI
No significant changes were reported in either study. The BMI

values of the treatment and control groups were maintained at 6

and 12 months. Montero et al. reported no significant differences

at 3 months (39.1 kg/m2 + SE: 1.6 vs. 38.0 kg/m2 + SE: 1.6;

p = 0.503) or at 6 months (39.2 kg/m2 + SE: 1.6 vs. 38. 0 kg/m2 + SE:

1.6; p = 0.611). In addition, López et al. reported no significant

differences at 3 months (29.93 kg/m2 vs. 30.09 kg/m2; p > 0.05),

6 months (30.51 kg/m2 vs. 29.96 kg/m2; p > 0.05), 9 months

(30.60 kg/m2 vs. 29.86 kg/m2; p > 0.05) or at 12 months (30.54 kg/m2

vs. 29.97 kg/m2; p > 0.05) (Table 1).

3.5.4.7 Fibrinogen
No significant differences in favor of any of the treatment groups

were observed in either study. According to Montero et al., there

were no significant differences at 3 months (421.8 mg/dl + SE:

20.4 vs. 398.3 mg/dl + SE: 17.9; p = 0.144) or at 6 months

(419.6 mg/dl + SE: 21.8 vs. 400.5 mg/dl + SE: 16.1; p = 0.238).

López et al. also reported no significant differences at 3 months
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(360.83 mg/dl vs. 348.16 mg/dl; p > 0.05), 6 months (338.25 mg/dl

vs. 350.69 mg/dl; p > 0.05), 9 months (358.06 mg/dl vs. 360.83 mg/dl;

p > 0.05) or at 12 months (352.53 mg/dl vs. 345.62 mg/dl;

p > 0.05) (Table 1).
4 Discussion

The aim of the present study was to synthesize the

evidence available on the impact of subgingival periodontal

treatment + antibiotic therapy on the reduction of systemic

markers of inflammation [CRP (mg/L), and interleukins (pg/dl),

TNF-α (pg/dl)] in patients with metabolic syndrome and

periodontal disease, compared with supragingival periodontal

treatment + placebo. After searching and selecting the evidence,

two RCTs were included (5, 6). The certainty of evidence of the

two studies ranged from very low to moderate due to several

factors. One of the main factors was imprecision, mainly due to

the small sample size and wide confidence intervals for some

outcomes (19).

According to the results of Montero et al., the combination of

periodontal therapy with antibiotic therapy can have a positive

effect on systemic inflammation (reflected in CRP, TNF-α, IL-1β

levels) in patients with metabolic syndrome and periodontal

disease. This study showed a low risk of bias and low-moderate

quality of certainty of evidence for the mentioned outcomes (6).

CRP is a marker of acute-phase inflammation that was recently

postulated as a marker of atherogenesis and as a predictor of

cardiovascular events, because the proinflammatory state of the

arteries can cause fat particles and LDL cholesterol to deposit on

the arterial walls, forming plaques (20, 21, 22). These plaques

can harden over time and narrow the arteries, impeding blood

flow and increasing the risk of cardiovascular events (22).

Chronic periodontal disease can trigger a systemic inflammatory

response in the body, mediated by proinflammatory factors such

as TNF-α, IL-1 and IL-6, which, in turn, stimulate hepatic

production of CRP (23). Treatment of periodontal infection with

antibiotics, removing plaque and dental calculus can reduce local

inflammation and, thus, decrease systemic inflammation, which

is reflected by lower CRP levels (24). In this sense, these findings

suggest that the concomitant use of subgingival periodontal

treatment and antibiotic therapy may be beneficial in the clinical

management of these patients.

According to the study by Lopez et al. subgingival periodontal

treatment has a significant impact on local inflammation (5). By

removing plaque and bacterial calculus from periodontal pockets,

this treatment can reduce PI, BOP, PBP and ICP levels.

Moreover, the effect of this treatment is further enhanced when

combined with the use of antibiotics. Therefore, it is essential to

consider these strategies in the management of patients with

metabolic syndrome and periodontal disease (24–26). On the

other hand, the study by Montero et al. mentions that effective

periodontal treatment is one that combines subgingival treatment

with antibiotics, leading to significant reductions in biomarkers

of inflammation, such as CRP and TNF-α (6). In addition,

improvement in vascular function and metabolic control was
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observed compared to the control group in which CRP, SBP and

HbA1c decreased following supragingival professional mechanical

removal of dental plaque along with placebo. The reduction in

bacterial load also decreases anaerobic bacterial counts and

Porphyromonas gingivalis, leading to decreased CRP values and,

thus, a reduction in cardiovascular events (6, 27).

With respect to IL-1β, significant differences between groups

were observed only at 3 months in favor of the treatment group.

Variations in IL-1β levels were minimal when comparing the

initial values with the values at the different follow-ups. This

could be due to the short period of antibiotic use in the

treatment group. According to Borges et al. longer exposure

periods up to 14 days of antibiotics may be required to eradicate

microorganisms residing in the highly organized structure of the

subgingival biofilm (28). However, they were able to demonstrate

significant results in secondary outcomes.

In relation to HbA1c, significant reductions associated with the

treatment group were evidenced. In addition, a reduction in SBP was

observed, suggesting that this benefit is not only limited to the

improvement of inflammation in the body, but also positively

influences vascular function and metabolic control (29, 30).

Importantly, periodontal inflammation has been associated with

insulin resistance and endothelial dysfunction. One of the key

mechanisms involved in this relationship is the chronic low-grade

inflammation associated with periodontal disease (24, 31). This

inflammation releases inflammatory mediators and cytokines that

may contribute to insulin resistance and impaired pancreatic beta-

cell function, leading to poorer blood glucose control in patients

with type 2 diabetes (32). In addition, periodontal inflammation

can induce endothelial dysfunction, increasing the risk of

cardiovascular disease, which is a major concern in people with

diabetes (1). Periodontal inflammation not only impacts oral

health, but also has significant systemic consequences. Therefore, it

is crucial that people with diabetes pay special attention to their

oral health to mitigate these additional risks.

Taken together, these studies support the idea that effective

periodontal treatment can have a positive impact on the overall

health of patients with metabolic syndrome and periodontitis by

reducing systemic inflammation, improving vascular function and

reducing cardiovascular risk. However, the limited availability of

RCTs, with small sample size, lack of standardization of

interventions and follow-up periods should be taken

into consideration.
5 Recommendations

The present study allowed the identification of some gaps in

knowledge. First, with the available studies it is not possible to

know whether the effect observed with respect to markers of

systemic inflammation is due to the combination of periodontal

treatment + antibiotic or whether it could be attributed

exclusively to periodontal treatment; therefore, it would be

valuable to conduct RCTs that evaluate only periodontal

treatment to observe whether this could improve markers of

inflammation. RCTs with larger sample sizes, standardized
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methods, and longer follow-up times are needed to obtain

greater certainty regarding the effect of this intervention and the

possibility of comparing other treatment groups, such as

supragingival vs. subgingival treatment.

Intensive treatment should be considered in patients with

metabolic syndrome who have elevated CRP levels as the main

treatment target. Other inflammatory markers, such as IL-6, IL-8,

and acute phase reactants of inflammation, should also be taken

into account t as they are the first to manifest in the face of

clinical improvement or an infectious process (leukocyte count,

erythrocyte sedimentation rate and serum amyloid A proteins).

New RCTs should also include glucose and TG data, which can

be useful to conduct further research to better understand these

aspects in relation to the treatment evaluated.

It is crucial for patients with metabolic syndrome to receive

regular follow-up by a dental professional to improve their

periodontal health and reduce systemic inflammation.
6 Limitations

The main limitation of this study was that we found a small

number of comparative RCTs on the subject. However, the search

was conducted by an expert who ensured an exhaustive search,

managing to collect as many eligible studies as possible. On the other

hand, it is possible that studies published in languages other than

Spanish, Portuguese and English are available, which could have

resulted in the loss of relevant evidence to answer the research

question. Nevertheless, these three languages were the most widely

used in the biomedical publications consulted in the databases.

Furthermore, a quantitative synthesis of the evidence (meta-analysis)

could not be performed due to the small number or heterogeneity of

the studies, since most focused on diabetic or coronary patients, but

not necessarily on the group of conditions that make up the

metabolic syndrome. Finally, it is important to note that the

outcomes assessed (systemic markers of inflammation) were

surrogates of other clinical outcomes. These markers would have

served mainly for hypothesis generation and, to a lesser extent, for

decision making.
7 Conclusions

In patients with metabolic syndrome and periodontal disease,

this review emphasizes the possibility for subgingival periodontal

therapy in conjunction with antibiotics to reduce systemic

inflammation. The significance of periodontal health in the

treatment of systemic inflammatory diseases is highlighted by

these findings, which also imply that intensive periodontal care

may help at-risk groups more broadly. Confirming these impacts

and assessing the best therapeutic approaches—including the

possible advantages of antibiotic-free approaches—will require

well-designed trials in the future. Improved comprehension of

these processes could eventually result in integrated treatment

plans that lower systemic inflammation and enhance metabolic

syndrome patients’ health.
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