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Abstract
Background: N-terminal portion of the B-type natriuretic propeptide (NT-
proBNP) has potentially been shown to play an important role in the develop-
ment of periodontitis and cardiovascular disease (CVD). This study evaluated
the efficacy of periodontal treatment on NT-proBNP and related CVD biomark-
ers and explored whether subjects harboring high NT-proBNP at baseline
showed increased clinical benefits with the non-surgical periodontal treatment
performed with full-mouth scaling and root planing (FM-SRP) at 6-month
follow-up.
Methods: Forty-eight patients with stage III periodontitis were randomized
to receive minimal standard oral care (SOC) (n = 24) or FM-SRP (n = 24)
protocol. Clinical periodontal parameters (probing depth, clinical attachment
loss, bleeding on probing), serum NT-proBNP, α1-antitrypsin, C-reactive pro-
tein (hs-CRP), endothelial cell-specific molecule-1 (ECM-1), and neutrophil
gelatinase-associated lipocalin (NGAL) concentrations were assessed at baseline
and at 1-, 3-, and 6- month follow-up.
Results: At 6 months, FM-SRP was more effective than SOC in reducing peri-
odontal parameters and mean proportions of NT-proBNP (p = 0.004), hs-CRP
(p= 0.003), α1-antitrypsin (p= 0.012), ECM-1 (p= 0.014), andNGAL (p= 0.045).
At 6-month follow-up, the reduced NT-proBNP, α1-antitrypsin, hs-CRP, ECM-1,
and NGAL levels were significantly correlated with the extent of periodontitis
(p < 0.05). Furthermore, the analysis of variance analysis evidenced that, at 6-
month follow-up, FM-SRP significantly impacted the reduction of NT-proBNP,
hs-CRP, ECM-1, and NGAL.Moreover, high levels of NT-proBNP, hs-CRP, ECM-
1, and NGAL at baseline significantly influenced the efficacy of periodontal
treatment positively.
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Conclusion: In this study, FM-SRP was more effective than SOC in reduc-
ing clinical variables and NT-proBNP levels, although subjects who harbored
high NT-proBNP concentrations at baseline showed greater clinical benefits of
periodontal treatment at 6-month follow-up.

KEYWORDS
C-reactive protein, endothelial cell-specific molecule-1, neutrophil gelatinase-associated
lipocalin, periodontal debridement, periodontitis, pro-brain natriuretic peptide

1 INTRODUCTION

Periodontitis is a chronic, multifactorial inflammatory dis-
ease caused by infectious biofilm which could determine,
if not properly treated, the destruction of the tooth-
supporting tissues and, finally, tooth loss.1 During the past
few decades, several large-cohort studies have acknowl-
edged that the various forms of periodontitis may affect
over 50% of the population worldwide and also negatively
influence several systemic diseases such as cardiovascu-
lar disease (CVD),2,3 preterm birth,4 metabolic syndrome,5
and determines an overall low quality of life.6 Some
evidence has shown that the progression of periodon-
titis can be associated with the dysregulation of some
pro-inflammatory mediators released in the bloodstream,
such as metalloproteases, interleukins, prostaglandins,
and high-sensitive c-reactive proteins (hs-CRP),7 which
could determine an increased chronic risk of systemic
inflammation, endothelial dysfunction, and CVD through
a specific oxidative stress pathway.8
Among biomarkers of early CVD risk, it has been

demonstrated in some studies that the N-terminal pro-B-
type natriuretic peptide (NT-proBNP), a fragment secreted
by cardiac ventricles myocytes in response to the heart
volume expansion or pressure load, is associated in the
early diagnosis, risk stratification, and follow-up out-
comes of patients with CVD and heart failure.9,10 It has
been indicated that elevated serum NT-proBNP, together
with α1-antitrypsin and endothelial cell-specific molecule-
1 (ECM-1) levels, were associated with a high risk of
ventricular wall stress, a phenomenon that occurs in early
heart failure in weakly symptomatic patients and in the
patient’s risk stratification in acute coronary syndrome
and CVD.10,11 Specifically, NT-proBNP and α−1 antitrypsin
have been used as inclusion criteria for several large-
population trials such as a surrogate metric to assess
the relationship between CVD treatment effect and heart
failure overall outcomes.12,13
The significant association between periodontitis, heart

failure, and CVD has also been proven by some large
cohort clinical trials, such as the Periodontitis and Its Rela-
tion to Coronary Artery Disease (PAROKRANK) study,

in which periodontitis patients were more frequently
associated with an upregulation of CVD biomarkers corre-
lated with early myocardial infarction risk in comparisons
with matched controls.14 Another preliminary evidence
reported that, in comparison with healthy subjects, peri-
odontal inflammation could increase CVD risk through
the main role exerted by the upregulation of inflamma-
tory mediators such as hs-CRP and NT-proBNP15 and that
periodontal treatment could determine positive effects on
systemic inflammatory CVD markers such as hs-CRP,16
ECM-1,17 or neutrophil gelatinase-associated lipocalin
(NGAL),18 even through with variability in the reported
outcomes among trials.19 Specifically, in patients with
periodontitis, it has been reported that, among others, peri-
odontal treatment performed through a full-mouth scaling
and root planing (FM-SRP) approach was demonstrated to
be efficacious in reducing several clinical outcomes and
serum markers of systemic inflammatory risk.20–23
There is growing interest in evaluating the impact of

periodontal treatment on early biomarkers related to early
CVD risk and evaluating the effects of biomarker levels
on the long-term efficacy of periodontal therapy. For the
above-mentioned reasons, the aim of the present study
was to assess the impact of two non-surgical periodon-
tal treatment protocols on serum NT-proBNP and related
CVD biomarkers in patients with periodontitis. It was also
investigated if high baseline NT-proBNP, hs-CRP, ECM-
1, and NGAL levels influenced the efficacy of periodontal
treatment at 6-month follow-up. The null hypothesis to be
invalidated was that periodontal treatment protocols did
not affect any analyzed biomarkers and vice versa.

2 MATERIALS ANDMETHODS

2.1 Study design and sample

The study was designed as a single-center, randomized,
parallel-group clinical. The study was conducted in agree-
ment with the CONSORT guidelines24 and followed the
Helsinki Declaration on medical research of 2016. Before
the study, all enrolled patients signed a written informed
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ISOLA et al. 3

consent which specified the study risks and characteris-
tics. The ethical approval was obtained before the patient
enrollment from the International Review Board of the
University of Catania, Catania, Italy (n. 125-20/PO).
For the study, enrolled were consecutive patients with

a diagnosis of periodontitis1 recruited at the Unit of Peri-
odontology of the Dental School at the University of
Catania, Catania, Italy. In order to obtain an equal gen-
der and age proportion, male and female patients aged
between 35 and 70 years were enrolled, ensuring that at
least 50% of themweremale. The inclusion criteriawere (1)
having good general health, (2) a minimum of six teeth per
quadrant, (3) at least two teeth in each quadrant having a
probing depth (PD) ≥5 mm and a clinical attachment level
(CAL) ≥4 mm, (4) at least ≥40% of periodontal sites with
bleeding on probing (BOP), (5) no involvement of furca-
tion, and (6) at least≥2 sites with radiographically alveolar
bone loss (ABL) verified on periapical radiographs.25 The
exclusion criteria were (1) periodontal therapy in the past
12 months preceding the study, (2) use of antibiotics in the
past 6 months preceding the study, (3) status of pregnancy
or lactation, (4) presence of systemic condition that could
affect the study results, (5) use of mouthwash containing
antimicrobials in the previous 3months prior the study, (6)
medication by anti-inflammatory, immunosuppressive, or
contraceptive drugs, (7) history of drinking, (8) smoking,
and (9) class II and III tooth mobility.
After identification, all eligible participants undergo a

medical history and demographic parameters such as age,
gender, body mass index (BMI), comorbidities (if present),
medications, and educational levels were recorded. BMI
(kg/m2) was calculated by dividing patient’s weight and
the square of the patient’s height. Moreover, the patient’s
socioeconomic status (SES) was recorded based on previ-
ous work experience and economic and social positions.
Each patient was classified on high, middle, and low SES
after the interview.3 On the basis of patient’s smoking
history, participants were categorized as current smokers,
ex-smokers (stopped smoking≥5 years), and non-smokers.
Amasked examiner achieved a full dental and periodon-

tal examination on each patient. On six sites per tooth,
periodontal charting was obtained using a standardized
periodontal probe*, by setting CAL as a primary variable
and recording PD, BOP, ABL, and plaque index score (PI).

2.2 Sample size and reliability analysis

The power sample analysis was calculated using statistical
software†. The sample size was obtained by setting serum

*UNC-15, Hu-Friedy, Chicago, IL
†G POWER, Universität Düsseldorf, Düsseldorf, Germany

NT-proBNP as a primary outcome variable15 and consider-
ing two groups of patients, an effect size of 0.30, a 2-sided
level of 0.05, a standard deviation of 1.5, and a power level
of 80%. Therefore, it was fixed a priori that at least 23
patients per group were needed. However, to avoid poten-
tial dropouts during the 6-month follow-up, 25 patients
were enrolled, so the primary variable (CAL) achieved a
power value of 0.85.
The inter- and intra-examiner reliability analysis was

achieved using PD and CAL as reference values for the
reliability analysis and using the intraclass correlation
coefficient (ICC). The ICC analysis showed good agree-
ment among examiners for both PD (ICC= 0.812) andCAL
(ICC = 0.814); the first examiner had good reliability for
(PD, ICC = 0.816; CAL, ICC = 0.811), as well as the second
examiner (PD, ICC = 0.815; CAL, ICC = 0.814).

2.3 Randomization

Through a permuted block design, the randomization was
performed by a single clinician (G.T.) not involved in
the subsequent trial stages, which generated a random
assignment of a treatment using a sequence 1:1 ratio by a
computer random-number generator.
Each patient was allocated to receive minimal standard

oral care (SOC) (control group) or FM-SRP (test group).
The allocation concealment to the clinician that performed
the treatment through serially numbered sealed envelopes
and the details of the sequence that were blinded to all
other clinicians. Before each treatment, a clinician not
involved in the data processing performed the assignment
of the treatment through sealed envelopesmarkedwith the
treatment and with the initials of the patient’s name and
date of birth.
Just before each treatment session, another clinician

(S.S.) opened the envelope with the assigned treatment
given to the operator who performed the type of treat-
ment. The same clinician with 10 years of experience
(G.I.), blinded to previously recorded data to avoid bias
in the experimental data evaluation, performed all the
procedures.

2.4 Treatment

Each patient received oral hygiene instructions (OHI)
shortly after the baseline assessments.
Patients allocated to the FM-SRP group undergo a

full-mouth SRP in one side of the mouth for each session,
within 24 h in two separate sessions on 2 consecutive
days. Two right quadrants were instrumented during
the morning session, whereas the other two were in the
afternoon session. Treatments were recorded in minutes
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4 ISOLA et al.

and performed under local anesthesia only if necessary.
SRP was performed using both hand and ultrasonic
instrumentation by tips No. 5/6/7‡, which was used with
constant water irrigation with a 20.000 Hz frequency.
The control group received minimal SOC, which

included two sessions of supragingival professional
mechanical plaque removal prophylaxis aimed at elim-
inating supragingival plaque and calculus with an
ultrasonic scaler without subgingival instrumentation.
For the control group, the same periodontal treatment
performed in the test groupwas provided upon completion
of the study.
At the end of each type of treatment, all patients were

instructed andmotivated to performpersonal oral hygiene.

2.5 Outcomemeasures

The primary outcome was the analysis of serum NT-
proBNP expression changes at baseline and at 6 months
after treatment between the two groups. Furthermore,
ESM-1, α1-antitrypsin, NGAL, fibrinogen, and hs-CRP
concentration changes were analyzed before and after 6
months of treatment.
The secondary aim was to analyze the impact and inter-

action of the periodontal treatment protocol (FM-SRP)
and treatment timing on NT-proBNP and hs-CRP changes
and if high NT-proBNP, ESM-1, and NGAL levels at base-
line influenced the efficacy of periodontal treatment after
6-month follow-up.

2.6 Sampling

All patients’ serum samples were collected at baseline, 1-,
3-, and 6-month follow-up by the same examiner between
8:00 and 10:00 am before any clinical evaluation. Imme-
diately after sampling, serum samples were centrifuged
at 4◦C (1000× g for 2 min). The levels of serum NT-
proBNP were obtained using a specific kit§ according to
the manufacturer’s instructions. A nephelometric assay
kit obtained the hs-CRP levels, while ECM-1, α−1 antit-
rypsin, and NGAL were determined using human-specific
enzyme-linked immunosorbent assay (ELISA) kits.

2.7 Statistical analysis

Numerical data were expressed by mean ± standard devi-
ation (SD), while categorical variables were reported as

‡ Satelec Ultrasonics, Acteon, Varese, Italy
§ Elecsys ProBNP; Roche, Basel, Swiss

numbers and percentages. A non-parametric approach
was applied because most of the analyzed variables were
not normally distributed, as verified by the Kolmogorov-
Smirnov test. The Mann-Whitney test was used for the
numerical data comparison between groups, while the
chi-squared testwas used for the comparisons between cat-
egorical variables. The single patient was set as a test unit.
For intragroup comparisons, the Friedman test was

used in order to compare the numerical variables among
four-time points (baseline, 1, 3, and 6 months), while
the two-by-two comparisons between dependent groups
were calculated using the Wilcoxon test. Bonferroni’s cor-
rection was used for the multiple comparisons, and the
alpha level of 0.050 was divided by the number of possi-
ble comparisons (baseline, 1, 3, and 6 months) so that the
adjusted significance level was equal to 0.012 (0.050/4).
The Spearman’s correlation test was used to evaluate a
possible significant interdependence betweenNT-proBNP,
α−1 antitrypsin, ESM-1, NGAL, fibrinogen, and hs-CRP
and all analyzed variables at 6 months of treatment.
To analyze the impact of the treatment protocol on NT-

proBNP and onα−1 antitrypsin, ESM-1, NGAL, fibrinogen,
and hs-CRP concentration changes (as continuous vari-
ables), after checking the conditions for its applicability,
a two-way analysis of variance (ANOVA) was used to
estimate whether the mean of the quantitative variable
(NT-proBNP-1, α-antitrypsin, ESM-1, NGAL, fibrinogen,
and hs-CRP) changes based on the levels of two cate-
gorical variables, treatment and duration of treatment.
Specifically, it was evaluated how the two independent
variables (treatment protocols and duration), alone and in
combination, influenced serumNT-proBNP concentration
changes. The same models were applied for the secondary
outcomes, α-antitrypsin, ESM-1, NGAL, fibrinogen, and
hs-CRP changes. Statistical analyseswere performed using
IBM SPSS version 22 Statistical software for Windows**. A
significant p-value was set as < 0.05.

3 RESULTS

3.1 Patient characteristics

At baseline, 143 patients with periodontitis were first
screened. Following the first patient selection, a total of
93 patients were finally excluded because they did not fully
meet the study criteria (n = 62), refused to participate
in the study (n = 23), or were absent at the periodontal
examination (n= 8). Based on their periodontal character-
istics, patients were categorized as having stage III, grade B
periodontitis. Two patients were lost during the follow-up

** IBM Corporation, Armonk, NY
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ISOLA et al. 5

F IGURE 1 Workflow of the study.

TABLE 1 Characteristics of the study sample at baseline.

Characteristics Control (n = 24) Test (n = 24) p-Value
Male/female, n◦ 13/11 11/13 0.551
Age, median (IQR) 53 (50.4-56.5) 52 (49.9-55.2) 0.368
Race 0.956
Caucasians, n. (%) 23 (95.8) 23 (95.8)
Black, n. (%) 1 (4.2) 1 (4.2)

Education level 0.284
Primary School, n. (%) 13 (54.2) 14 (58.4)
High School, n. (%) 6 (25) 5 (20.8)
University, n. (%) 5 (20.8) 5 (20.8)
BMI (kg/m2), median, (IQR) 21.4 (18.6-23.5) 21.1 (17.6-22.2) 0.331

Smoking 0.419
Current smokers, n. (%) 1 (4.2) 2 (8.3)
Former smokers, n. (%) 1 (4.2) 1 (4.2)
Non-smokers, n. (%) 22 (91.6) 21 (87.5)

Teeth at baseline median, (IQR) 22 (17.6-23.9) 23 (18.4-24.2) 0.479

Note: Values are reported as frequency, median and IQR, and interquartile range (1st;3rd).
Abbreviations: BMI, body mass index, IQR, interquartile range.

sessions (1 patient per group), and 48 patients were finally
analyzed (Figure 1). The patients lost during the follow-up
sessions were recalled for periodontal treatment but were
excluded from the study.
Both groups of patients were well matched for age

(p = 0.368), gender (p = 0.551), and number of smokers
(p = 0.419) (Table 1). Regarding the periodontal treat-
ment time, there were no differences among the control
(37.4 ± 4.3 min) and test (37.5 ± 2.7 min) groups.

The periodontal characteristics of the study sample
are represented in Table 2. In comparison with the con-
trol group, the treatment with FM-SRP (test) yielded a
significant reduction of mean PD at 3 months (control:
4.22 ± 0.4 mm; test: 3.65 ± 0.5 mm, p = 0.005) and at
6 months (control: 3.59 ± 0.4 mm; test: 2.71 ± 0.4 mm,
p < 0.001) after therapy, and in the percentage of pocket
(PD) ≥4 mm (control: 26.2 ± 11.3%; test 17.3 ± 15.6%,
p < 0.001) at 6 months after therapy. Moreover, FM-SRP
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6 ISOLA et al.

TABLE 2 Periodontal characteristics of the sample at baseline
and at each follow-up session.

Variable
Control
(n = 24)

Test
(n = 24) p-Value

PD, mm
Baseline 4.95 ± 0.3 4.88 ± 0.4 0.662
1 month 4.22 ± 0.4a 3.65 ± 0.5a 0.012
3 months 3.79 ± 0.3b,d 3.42 ± 0.4b 0.005
6 months 3.59 ± 0.5c,f 2.71 ± 0.4c <0.001

CAL, mm
Baseline 5.21 ± 0.3 5.15 ± 0.3 0.558
1 month 4.42 ± 0.3a 4.09 ± 0.4a 0.002
3 months 4.19 ± 0.3b,d 3.55 ± 0.3b <0.001
6 months 3.87 ± 0.5c,f 2.75 ± 0.3c 0.005

% sites with PD ≥4 mm
Baseline 36.4 ± 13.5 35.8 ± 16.5 0.205
1 month 32.1 ± 17.1a 28.4 ± 14.3 0.012
3 months 29.6 ± 13.4b 22.9 ± 11.4b 0.003
6 months 26.2 ± 11.3c 17.3 ± 11.6c <0.001

BOP, %
Baseline 48.4 ± 15.1 47.2 ± 16.5 0.289
1 month 35.1 ± 16.5a 31.6 ± 15.6a 0.016
3 months 27.5 ± 18.1b,d 22.2 ± 16.1b,d 0.002
6 months 24.3 ± 17.1c 18.1 ± 15.6c,e <0.001

PI, %
Baseline 38.6 ± 12.2 39.1 ± 15.4 0.441
1 month 31.2 ± 14.3a 23.6 ± 11.2a 0.012
3 months 24.7 ± 16.5b,d 21.4± 10.3b,d 0.006
6 months 21.2 ± 15.6c,f 17.3 ± 14.2c,f 0.011

Note: Values are reported as mean ± standard deviation (SD).
Abbreviations: BOP, bleeding on probing; CAL, clinical attachment loss; PD,
probing depth; PI, plaque index.
aSignificance between baseline and 1 month.
bSignificance between baseline and 3 months.
cSignificance between baseline and 6 months.
dSignificance between 1 month and 3 months.
eSignificance between 1 month and 6 months.
fSignificance between 3 months and 6 months.
p-Value significant < 0.008 (Bonferroni’s correction).

significantly reducedCAL (p= 0.005), BOP (p< 0.001) and
PI (p < 0.001) at 6 months after therapy (Table 2).

3.2 Primary outcome

In comparison with the control group, FM-SRP produced,
at −3 (p < 0.001) and 6 months (p = 0.004) after ther-
apy, a significant reduction of the serumNT-proBNP levels
(Table 3). Furthermore, the Friedman test evidenced that,
in comparison with the control group, the FM-SRP treat-
ment determined a significant reduction, after 3 months

TABLE 3 Comparisons between analyzed variables at baseline
and at each follow-up session.

Variable
Control
(n = 24) Test (n = 24) p-Value

NT-proBNP pg/ml
Baseline 139 ± 0.2 141 ± 0.5 0.069
1 month 132 ± 0.4a 121 ± 0.4a 0.016
3 months 129 ± 0.5b,d 119 ± 0.5b,d 0.001
6 months 127 ± 0.4a 102 ± 0.4c,e 0.004

hs-CRPmg/L
Baseline 3.69 ± 0.4 3.73 ± 0.5 0.408
1 month 3.59 ± 0.5 3.18 ± 0.3a 0.047
3 months 3.45 ± 0.3b,d 2.79 ± 0.4b,d 0.059
6 months 3.41 ± 0.2c,e 2.55 ± 0.5c,e 0.003

α−1 antitrypsin mg/dL
Baseline 143.2 ± 0.15 145.6 ± 0.15 0.228
1 month 140.5 ± 0.2a 134.5 ± 0.8a 0.003
3 months 138.6 ± 0.3d 132.2 ± 0.12b,d 0.048
6 months 137.9 ± 0.4c,f 128.6 ± 0.7c,e,f 0.012

Fibrinogen mg/dL
Baseline 325.4 ± 11.5 331.5 ± 9.8 0.443
1 month 327.6 ± 10.6a 319.5 ± 9.4a 0.041
3 months 323.3 ± 12.4d 318.2 ± 8.12a,b 0.053
6 months 318.4 ± 13.1c 315.5 ± 0.5c,e,f 0.065

ECM-1 mg/dL
Baseline 319.5 ± 5.6 317.8 ± 6.2 0.578
1 month 313.5 ± 6.2a 306.4 ± 5.8a 0.048
3 months 314.2 ± 5.8 301.5 ± 6.1b 0.052
6 months 309.4 ± 6.7c 292.1 ± 4.9e,f 0.014

NGAL (pg/L)
Baseline 479.6 ± 16.2 477.6 ± 13.5 0.105
1 month 473.5 ± 15.3a 467.6 ± 11.2b 0.087
3 months 471.5 ± 14.3 461.3 ± 10.2d 0.047
6 months 468.6± 12.5c,e 452.6 ± 11.4d,e,f 0.045

Note: Results are expressed as mean and SD (standard deviation).
Abbreviations: ECM-1, endothelial cell-specificmolecule-1; NGAL, neutrophil
gelatinase-associated lipocalin.
aSignificance between baseline and 1 month.
bSignificance between baseline and 3 months.
cSignificance between baseline and 6 months.
dSignificance between 1 month and 3 months.
eSignificance between 1 month and 6 months.
fSignificance between 3 months and 6 months.
p-Value significant <0.008 (Bonferroni corrections).

of treatment, in α1-antitrypsin (p = 0.048) and NGAL
(p = 0.047) and, after 6 months, in hs-CRP (p = 0.003),
α1-antitrypsin (p = 0.012), ECM-1 (p = 0.014), and NGAL
(p = 0.045) levels (Table 3).
The correlation analysis evidenced that, at 6-month

follow-up, there was a positive correlation between serum
NT-proBNP and smoking (p = 0.044), number of pockets
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TABLE 4 Correlation analysis among hs-CRP, NT-proBNP, α−1 antitrypsin, fibrinogen, α−1 antitrypsin, NGAL and the analyzed
variables at 6-months of treatment.

Variable

hs-CRP NT-proBNP α−1 antitrypsin
Rs coeff. p-Value Rs coeff. p-Value Rs coeff. p-value

Age 0.331 0.058 0.058 0.548 0.658 0.528
Sex 0.285 0.225 -0.478 0.317 0.551 0.047
Smoking 0.425 0.057 0.333 0.044 -0.257 0.129
Education 0.332 0.658 -0.258 0.095 0.332 0.256
BMI -0.158 0.254 0.208 0.158 0.387 0.698
Pocket PD ≥4 mm 0.105 0.046 0.298 0.022 0.147 0.079
No. of teeth 0.208 0.106 0.118 0.031 -0.331 0.098
CAL 0.202 0.055 0.321 0.039 0.287 0.023
BOP 0.306 0.041 0.157 0.258 0.418 0.041
PI 0.155 0.089 -0.357 0.332 -0.277 0.365

Fibrinogen ECM-1 NGAL
Rs coeff. p-Value Rs coeff. p-Value Rs coeff. p-value

Age -0.228 0.058 0.114 0.105 -0.236 0.471
Sex 0.158 0.331 0.258 0.022 -0.551 0.265
Smoking -0.136 0.059 -0.249 0.568 -0.257 0.489
Education 0.228 0.417 -0.258 0.226 -0.251 0.544
BMI -0.204 0.105 0.196 0.332 -0.176 0.205
Pocket PD ≥4 mm 0.205 0.089 -0.205 0.046 0.368 0.169
No. of teeth 0.332 0.045 0.201 0.031 0.284 0.238
CAL 0.179 0.028 0.442 0.055 0.115 <0.001
BOP -0.248 0.051 -0.389 <0.001 0.484 0.036
PI 0.236 0.089 0.117 0.065 0.387 0.079

Note: For sex, males served as a reference.
Abbreviations: ECM-1, endothelial cell-specific molecule-1; NGAL, neutrophil gelatinase-associated lipocalin.

with PD ≥4 mm (p = 0.022), number of teeth (p = 0.031),
and BOP (p = 0.039); between serum hs-CRP and num-
ber of pockets with PD ≥4 mm (p = 0.046) and BOP
(p = 0.041); between serum α−1 antitrypsin and male
sex (p = 0.047), CAL (p = 0.023), and BOP (p = 0.041);
between fibrinogen and number of teeth (p = 0.045) and
CAL (p= 0.028); between ECM-1 andmale sex (p= 0.022),
PD ≥4 mm (p = 0.046), BOP (p < 0.001), and number of
teeth (p= 0.031); between NGAL and CAL (p< 0.001) and
BOP (p = 0.036). The other analyzed variables were not
statistically significant (Table 4).

3.3 Secondary outcome

Finally, the estimation of models with a two-way ANOVA,
aimed at identifying the impact of FM-SRP and treatment
duration on NT-proBNP, hs-CRP, α−1 antitrypsin, fibrino-
gen, ECM-1, and NGAL concentration changes after 6
months of treatment, evidence that FM-SRP determined a
significant impact on the reduction of serum NT-proBNP
(p < 0.001), hs-CRP (p < 0.001), ECM-1 (p < 0.001), and

NGAL (p < 0.001) together with the timing of treatment
for NT-proBNP (p < 0.001), hs-CRP (p < 0.001), α−1 antit-
rypsin (p = 0.015), ECM-1 (p = 0.006), NGAL (p = 0.021)
concentrations (Table 5).

4 DISCUSSION

The purpose of the present study was to examine the effect
of periodontal therapy on NT-proBNP, hs-CRP, α−1 antit-
rypsin, fibrinogen, ECM-1, and NGAL and to determine, at
6 months, the impact of periodontal treatment performed
either with FM-SRP or OHI, on NT-proBNP, hs-CRP,
α−1 antitrypsin, fibrinogen, ECM-1, and NGAL concentra-
tion changes. It was also investigated whether analyzed
baseline biomarkers concentration levels impacted the
long-term efficacy of periodontal treatment. The results of
the study evidenced that periodontal treatment performed
through FM-SRP determined, at 6-month follow-up, a pos-
itive impact on the reduction of the analyzed biomarkers.
In the present study, compared to baseline, both treat-
ments determined positive effects in serum NT-proBNP as
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8 ISOLA et al.

TABLE 5 Results of two-way ANOVA for the dependent
variable NT-proBNP, hs-CRP, α−1 antitrypsin.

NT-proBNP
Source of variation MS F p-Value
Group 1612.25 275.24 <0.001
Timing 3442.25 541.22 <0.001
Group*Timing 27.89 4.28 0.009
Within 5.41

hs-CRP
Source of variation MS F p-Value
Group 184.15 141.28 <0.001
Timing 157.15 120.21 <0.001
Group*Timing 6.89 5.41 0.002
Within 1.41

α−1 antitrypsin
Source of variation MS F p-Value
Group 422.36 148.65 0.106
Timing 161.28 133.36 0.015
Group*Timing 7.28 4.48 0.106
Within 1.66

Fibrinogen
Source of variation MS F p-value
Group 384.58 189.68 0.236
Timing 166.79 220.21 0.114
Group*Timing 4.77 3.12 0.066
Within 1.12

ECM-1
Source of variation MS F p-Value
Group 266.28 141.28 <0.001
Timing 147.79 120.21 0.006
Group*Timing 3.66 5.41 0.012
Within 1.79

NGAL
Source of variation MS F p-Value
Group 384.15 141.28 <0.001
Timing 187.44 442.36 0.021
Group*Timing 14.89 3.36 0.017
Within 4.41

Abbreviations: F, Fisher test; Group*Timing, interaction term; MS, mean of
square.

well as hs-CRP, α−1 antitrypsin, fibrinogen, ECM-1, and
NGAL levels. In this context, a number of studies indi-
cate that unbalanced serum NT-proBNP levels might alter
the innate host defences against periodontal pathogens
during periodontitis.26 It has been found that bacterial
lipopolysaccharide (LPS), during the active stages of peri-
odontitis, can cause overexpression of serum and salivary
NT-proBNP levels through a mechanism involving prote-
olysis product formation.27 Another evidence showed that
patients with periodontitis exhibited elevated amounts of

serum NT-proBNP levels, whose expression was strictly
associated with the periodontal inflamed surface area of
gingival tissues.15
In this regard, the statistical difference between treat-

ments of about 1 mm mean of PD or 10% more PD
closed pockets are not well appreciated in terms of its
clinical importance. A recent meta-analysis comparing
the effectiveness of adjuvant systemic antimicrobials to
subgingival scaling in RCTs revealed an extra PD decrease
of 0.48 mm at a 6-month follow-up following periodontal
therapy.28 The clinical importance question is unanswered
when considering pocket closure as the most significant
periodontal variable. A recent European Federation of
Periodontology workshop considered pocket closure a
more relevant clinical result than mean probing depth
since shallow sites (4 mm) without >30% hemorrhage are
one of the greatest predictors of periodontal stability.29 This
roughly 8% increased percentage of pocket closure does
not approach the 14.4% pocket closure thatmay be attained
with greater antibiotic administration.28 In this regard,
some recent studies and meta-analyses,21,30 which evalu-
ated the different non-surgical approaches, confirmed the
previous findings31 that periodontal treatment positively
affects clinical parameters and that there is no great
clinical difference between different SRP protocols. Our
study may have produced statistically significant results
that were more favorable than those of the trials included
in these meta-analyses due, in part, to the inclusion of a
different number of patients if comparedwith each other.21
Suppose a baseline indicates a tiny baseline PD; in that
case, the difference between baseline and post-treatment
PD is usually equally minimal, even if the probing error
may be independent of the degree of the PD.32 Regarding
the elevated serum NT-proBNP and α1-antitrypsin levels
found in the present study, the upregulation of these
biomarkers has also been showed to be connected with
the activation of the tumor necrosis factor-alpha pathway,
being overexpressed in PD patients compared to healthy
controls.26 Therefore, the observed decrease in serum
NT-proBNP and α1-antitrypsin, ECM-1, and NGAL levels
6 months after FM-SRP suggests that this approach
successfully determines a more efficacious degradation of
the bacterial biofilm and a related better host response.
Several pieces of evidence reported that both NT-

proBNP,33 α1-antitrypsin,34 ECM-1,35 and NGAL18 upregu-
lated levels were involved in controlling the inflammatory
process and alveolar bone homeostasis and resorption
and that the expression of both ECM-1 and NGAL has
been linked to changes in bone homeostasis and osteo-
clast differentiation.36 During CVD, the overexpression
of serum NT-proBNP, hs-CRP, and ECM-1 levels have
been associated with the reduction of endothelial dys-
function and high risk of CVD, corroborating the findings
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ISOLA et al. 9

of the present investigation.37 The NT-proBNP and hs-
CRP levels, often used as systemic inflammatory markers,
have also been shown to act as a regulator in the early
immune response during the early stages of coronary
artery disease38 and periodontitis.39
The results of the present study revealed that FM-

SRP substantially influenced serum NT-proBNP, hs-CRP,
and CVD-related biomarkers at 6 months of treatment.
Furthermore, both ANOVA and Spearman correlation
analyses highlighted that there was a significant associa-
tion between the reduction of periodontal parameters and
the reduction of biomarkers analyzed by CVD and that
the high baseline levels of NT-proBNP and hs-CRP, ECM-
1, and NGAL positively influenced the effect of periodon-
tal treatment at 6-month follow-up. From this analysis, it
can be assumed that the reduction of NT-proBNP, hs-CRP,
ECM-1, and NGAL at 6-month follow-up was influenced
by the periodontal treatment and positively influenced
the efficacy of periodontal treatment. In agreement, it
has been previously shown that, in patients with peri-
odontitis, the periodontal treatment performed through
FM-SRP triggers a short-term inflammatory response,
leading to a progressive and consistent reduction in sys-
temic inflammation and an improvement in endothelial
functions.40 The present study findings also agree with a
trial on 120 patients with severe periodontitis that showed
how causative periodontal therapy prompted a short-term
acute systemic inflammation mediator such as hs-CRP,
interleukin-6, and E-selectin, with a final positive impact
on the overall endothelial function.41 In some preclinical
trials, the significant reduction of NT-proBNP,42 ECM-
1,35 and NGAL43 was associated at the end of periodontal
treatment with improvement in cardiac and diastolic func-
tion in patients with periodontitis through a mechanism
strictly involved with oxidative stress through a pathway
involving nitric oxide.
However, the present study has some limitations, such

as the number of included patients. For this analysis, a
larger sample would have been useful for better identifi-
cation of the clinical and serum differences of NT-proBNP
and related CVD biomarkers between the different treat-
ment groups. The monocentric design and the ratings for
plaque and bleeding at 6 months were still rather high,
and a longer monitoring period would be desirable bet-
ter to determine the differential clinical results for stable
periodontal outcomes.

5 CONCLUSION

The results of the present study indicated that both peri-
odontal treatments were beneficial in all treated patients.
However, the periodontal treatment performed with FM-

SRP was more efficacious in reducing clinical parame-
ters and serum NT-proBNP and related early CVD risk
biomarkers in patients with periodontitis at 6-month
follow-up performed with FM-SRP. Subjects who har-
bored high NT-proBNP concentrations at baseline showed
greater clinical benefits of periodontal treatment at 6-
month follow-up. The results of this study are still prelim-
inary and demand further studies to better understand the
advantages of non-surgical periodontal treatment proce-
dures on serum NT-proBNP and CVD-related biomarker
levels.
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