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Abstract

Background. Chronic kidney disease (CKD) is associated with significant morbidity and mortality, and
there are various risk factors for this disease. Although the association between CKD and periodontal dis-
ease (PD) has been reported in various cross-sectional studies, longitudinal intervention studies are scarce.

Objectives. This study aimed to evaluate the effects of non-surgical periodontal therapy (NSPT) on peri-
odontal clinical parameters, serum inflammatory factor high-sensitivity C-reactive protein (hs-CRP) and
renal biomarkers in patients with CKD and chronic periodontitis (CP).

Material and methods. A total of 80 patients with confirmed CKD aged 22—65 years, attending the
Institute of Kidney Diseases Research Centre (IKDRC) in Ahmedabad, India, and referred to the Govern-
ment Dental College and Hospital, Ahmedabad (GDCHA), were enrolled in this study. The patients were
divided into 2 groups: group 1 received NSPT, including scaling and root planing (SRP), as well as oral
hygiene instructions; and group 2 received oral hygiene instructions without NSPT. Periodontal clinical
parameters, such as probing pocket depth (PPD), clinical attachment loss (CAL), bleeding on probing
(BoP), the periodontal inflamed surface area (PISA) score, and the Simplified Oral Hygiene Index (OHI-S),
were recorded. Biomarkers, including hs-CRP, the estimated glomerular filtration rate (eGFR) and the urine
albumin-to-creatinine ratio (UACR), were obtained from medical records. The comparisons of periodontal
parameters, hs-CRP and renal biomarkers within and between the groups were performed at baseline, and
3 and 6 months after treatment.

Results. The periodontal parameter scores as well as the serum levels of hs-CRP and UACR significantly de-
creased while eGFR significantly increased in group 1 after treatment as compared to baseline (p < 0.001).
Six months after treatment, group 1 showed significantly lower values than group 2 for periodontal para-
meters, the serum levels of hs-CRP and renal biomarkers except for eGFR, which improved and increased
(p < 0.007).

Conclusions. Periodontitis is an important source of chronic inflammation and the treatment of peri-
odontitis can hinder systemic inflammation in CKD patients. Non-surgical periodontal therapy resulted in
improved periodontal health, with significant decreases in hs-CRP and UACR, and an increase in eGFR in
(KD patients with CP in comparison with CKD patients not receiving NSPT.

Keywords: chronic renal insufficiency, glomerular filtration rate, periodontal disease, urine albumin-to-
(reatinine ratio


https://creativecommons.org/licenses/by/3.0/

490

Introduction

There is a well-known saying that “oral health is
equal to overall health” The oral cavity is the inter-
section of dentistry and medicine, semi-independent
fields that share the common goal of improving the
health and quality of life of patients. Since the 1980s,
research has considered the possibility that poor oral
health substantially affects overall health.! Chronic
periodontitis (CP) is the most common oral inflam-
matory condition studied in this context. According to
the 2010 Global Burden of Disease (GBD) Study, CP is
the 6" most prevalent condition, affecting 10.8% (95%
uncertainty interval (UI): 10.1-11.6), i.e., 743 million
people aged 15-99 worldwide.? Chronic periodontitis
is caused by dysbiotic oral biofilm that destroys the
supporting connective tissues; a cascade of inflam-
matory immune responses fails to resolve the dys-
function and the dysregulated chronic inflammation
ensues in a susceptible host. This results in the forma-
tion of periodontal pockets with chronically ulcerated
pocket epithelium.? In severe disease cases, the sur-
face area of the ulcerated epithelium can be as large
as 40 cm? which increases microbial tissue invasion
and perpetuates systemic inflammation accompanied
by a rise in inflammatory biomarkers in serum, such as
C-reactive protein (CRP) and interleukin (IL)-6.*

The course of non-communicable diseases, like athero-
sclerosis, myocardial infarction, non-hemorrhagic
cerebrovascular disease, and diabetes mellitus, or ad-
verse pregnancy outcomes can be related to the pro-
gression and treatment of periodontal disease (PD).°
This concept has been expanded to include systemic
diseases, such as rheumatoid arthritis, malignant neo-
plasia and chronic kidney disease (CKD).> Chronic
kidney disease remains a prevalent public health pro-
blem. In 2017, the global prevalence of CKD was esti-
mated at 9.1% (697.5 million cases), with over a third
of CKD patients living in 2 countries, namely China
(132.3 million) and India (115.1 million).® Chronic kid-
ney disease is defined as either the occurrence of kid-
ney damage or a decreased kidney function, wherein
the estimated glomerular filtration rate (eGFR)
amounts to <60 mL/min/1.73 m? for 3 months or lon-
ger.” Chronic kidney disease is largely preventable and
treatable. The trend of an increasing incidence of CKD
as a direct cause of global morbidity and mortality, and
also as an important risk factor for cardiovascular dis-
eases (CVD) poses major challenges for both health-
care and the economy in the near future.

The association between CP and CKD has been stu-
died widely since the 2000s and CP is now considered
a novel, non-traditional risk factor for CKD.®° Chronic
periodontitis may have its share in CVD-related mor-
tality in CKD patients.” However, prospective and
interventional studies on this association with long
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follow-up periods are scarce. Thus, the present study was
conducted to address this research gap by evaluating
the effects of non-surgical periodontal therapy (NSPT)
on clinical parameters, serum inflammatory factor
high-sensitivity C-reactive protein (hs-CRP) and renal
biomarkers in patients with CKD and CP.

Material and methods

A randomized, controlled, parallel-group, single-center
pilot study was conducted from July 2018 to June 2019.

Ethical approval and consent

Before the commencement of this study, the research
protocol was submitted to the institutional ethics com-
mittee at Government Dental College and Hospital,
Ahmedabad (GDCHA), India (IEC GDCH/S.6/2018,
dated March 15, 2018), and subsequently approved.
This study was registered in the Clinical Trials
Registry — India (CTRI trial No. REF/2019/09/028096,
dated September 14, 2019). The study was conducted
in accordance with the 2020 Declaration of Helsinki
and written informed consent was obtained from all
patients.

Participants and eligibility criteria

Patients suffering from CKD, attending the out-
patient department of the Institute of Kidney Diseases
and Research Centre (IKDRC) in Ahmedabad, India,
and referred to the Department of Periodontology
of GDCHA were enrolled in this study. The inclu-
sion criteria were as follows: male or female patients
aged 18 years or older; patients with high-risk CKD,
already receiving treatment for CKD at IKDRC, with
eGFR < 60 mL/min/1.73 m? for 3 months or longer,
and the urine albumin-to-creatinine ratio (UACR)
>70 mg/gCr on 3 consecutive occasions; patients hav-
ing generalized moderate-to-severe periodontitis, i.e.,
with a minimum cumulative probing pocket depth
(PPD) of 40 mm (defined as the sum of the greatest PPDs
measured for each tooth, excluding PPDs < 5 mm); and
patients who provided informed consent to partici-
pate. The exclusion criteria were as follows: patients
suffering from end-stage renal disease (ESRD) and
requiring treatment with renal replacement therapy
(RRT); patients receiving immunosuppressive medica-
tions; patients with a history of infective endocarditis
or a heart valve replaced/repaired with prosthetic ma-
terial; patients who underwent any periodontal treat-
ment in the previous year; and patients who could not
be subjected to periodontal treatment, e.g., with se-
vere bleeding disorders that contraindicate periodon-
tal treatment.
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Randomization and allocation

After considering the eligibility criteria, a total of
100 patients were enrolled. Randomization was based
on a simple randomization method, wherein the patients
enrolled on days 1-15 of the month were assigned to
group 1 (test group) and those enrolled on days 16—-30/31
of the month (16—28 for February 2019) were assigned to
group 2 (control group) (Fig. 1).

| Screened |

n=150
Excluded
+ > (treated with dialysis, not under
conservative treatment for CKD)
| Assessed for eligibility | n=30
n=120
Excluded
+ > (not ing the criteria)
n=20
Randomized
n=100
Group 1 Group 2
n=50 n =50
Lost to follow-up Lost to follow-up
n=3 n=1

\ v

Statistically analyzed
n=47

Statistically analyzed
n=33

Fig. 1. Flowchart of the study

Group 1 patients received intensive NSPT, including
supra/subgingival scaling and root planing (SRP) under
local anesthesia, as well as oral hygiene instructions. Teeth
with a poor prognosis and PPD > 8 mm, grade III mobility
in lateral and vertical directions, and/or retained infected
root pieces were extracted during the baseline visit. The
patients were supported with a maintenance program for
a period of 6 months. Oral hygiene instructions were rein-
forced at each appointment. The patients were provided
with a manual toothbrush and fluoridated toothpaste for
maintaining good oral hygiene.

Group 2 patients received only oral hygiene instruc-
tions without any NSPT. The patients were monitored for
the following 6 months at 3-month intervals.

All interventions were provided by the principal inves-
tigator, who was blinded to the group allocation. The pa-
tients were followed up to assess the effects of the inter-
ventions at 3 and 6 months after the intervention.

Clinical examination and data collection

The data was collected with regard to 3 sections.
Section 1: Demographic details, including age, gender, the
socio-economic status (SES) assessed by the Kuppuswamy
scale,'? doing exercise, the smoking status, and the body
mass index (BMI), were collected through personal
interviews with the patients. Section 2: Details of medical
conditions, including systolic and diastolic blood pres-
sure, renal biomarkers, like eGFR and UACR, and other
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biochemical values, like glycated hemoglobin (HbAlc),
total cholesterol, triglycerides, and hs-CRP, were re-
trieved from the patients’ medical records. Section 3: The
clinical examination was carried out by a trained exa-
miner to assess periodontal parameters, including the oral
hygiene status assessed with the Simplified Oral Hygiene
Index (OHI-S),!* PPD, the position of the gingival margin
in terms of relative clinical attachment loss (CAL), and
bleeding on probing (BoP) measured at 6 different sites
(mesiobuccal, distobuccal, buccal, palatal/lingual, mesio-
lingual, and distolingual) for each tooth using a pressure-
sensitive probe (Bluedent India, Chennai, India) with
a standardized pressure of 20 g. The periodontal
inflamed surface area (PISA), which reflects the amount
of inflamed periodontal tissue in square millimeters, was
calculated for each patient by entering the PPD, CAL and
BoP measurements into a spreadsheet accessed via www.
parsprototo.info.*

High-sensitivity assay techniques, such as immuno-
nephelometry, immunoturbidimetry, high-sensitivity
enzyme-linked immunosorbent assay (ELISA), and
resonant acoustic profiling (RAP), can detect CRP with
a sensitivity range of 0.01-10 mg/L. In the present study,
immunoturbidimetry was used, in which the immune
complexes formed in the solution scatter light in propor-
tion to their size, shape and concentration. Turbidimeters
measure the reduction of incidence light due to reflec-
tion, absorption or scatter. What is measured in this pro-
cedure is the rate of decrease in the intensity (increase
in the absorbance) of the light transmitted through the
particles suspended in the solution, which is due to the
complexes being formed during the immunological reac-
tion between CRP in the patient’s serum and the rabbit
anti-CRP antibodies coating the latex particles. For this
method, the AU400/400e/480, AU600/640/640e/680
and AU2700/5400 analyzers (Beckman Coulter, Brea,
USA) were used with reagents, including glycine buf-
fer (100 mmol/L) and latex particles coated with rabbit
anti-CRP antibodies (<0.5%).

All data related to medical conditions and periodontal
parameters was assessed at 3 different time points, i.e.,
at baseline (before any interventions), at 3 months and
at 6 months.

Statistical analysis

After data collection, the data was encoded and entered
into Microsoft® Excel® 2019 (Microsoft Corporation,
Redmond, USA). The data was checked for normality with
the Shapiro—Wilk test. As the data deviated significantly
from a normal distribution (p < 0.05), non-parametric
tests were applied for the analysis. Demographic variables
were reported as mean (M) and standard deviation (SD)
or as number (#) and percentage (%), and compared using
the y? test. Student’s ¢ test was used to compare the mean
values for quantitative data. The data for clinical variables
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was presented as M and SD or as median (Me) and inter-
quartile range (IQR). The values for different time points
were compared within both groups using Friedman’s test.
In case of significant results of Friedman’s test, Scheffe’s
test was used for post hoc pairwise comparisons. The
Mann-Whitney U test was applied for comparisons be-
tween the 2 groups. For all tests, the level of statistical sig-
nificance was set at p < 0.05. The statistical analysis was
performed using the IBM SPSS Statistics for Windows
software, v. 22.0 (IBM Corp., Armonk, USA).

Results

Out of the total 100 patients selected for this study,
80 completed 6 months of follow-up. During the 6-month
follow-up period, 14 patients developed ESRD and required

preparation for dialysis (the creation of an arteriovenous
(AV) fistula), 4 died during the course of treatment, and
2 did not attend follow-up. Therefore, 47 patients from
group 1 and 33 patients from group 2 completed the full
study (Fig. 1, Table 1).

Demographic characteristics for groups 1 and 2 are shown
in Table 1. The mean patient age was 50.62 +£10.35 years
and 50.45 +£10.87 years in group 1 and group 2, respectively.
There were no statistically significant differences in demo-
graphic variables between the groups (p > 0.05).

There were highly significant differences within groups
1 and 2 when the median values of periodontal para-
meters, systemic inflammatory marker hs-CRP and renal
biomarkers were compared across the study time points
(p < 0.001). The intragroup comparisons with regard to
different time points also exhibited significant differences
in the post hoc test (p < 0.05) (Table 2).

Table 1. Demographic characteristics and some clinical data of the study participants

Variables
Age? [years] 50.62 £10.35 5045 +£10.87 0.950
male 35 (43.8) 24 (30.0)
Gender® 1.000
female 12 (15.0) 9(11.3)
upper lower 1(1.3)
lower middle 11(13.8) 8(10.0)
SES© 0.070
upper middle 25(31.3) 24 (30.0)
upper 7 (8.80) 0(0.0)
yes 8(10.0) 12 (15.0)
Doing exercise® 0.080
no 39 (48.8) 21 (26.3)
never 23(28.8) 19 (23.8)
Smoking® former 19(23.8) 11(13.8) 0.750
current 3(3.8)
yes 21(26.3) 11(13.8)
diabetes 0430
no 26 (32.5) 22 (27.5)
yes 11 (13.8) 9(11.3)
Comorbidity® CVS disorder 0.890
no 36 (45.0) 24 (30.0)
yes 0(0.0)
CNS disorder 0.640
no 45 (56.3) 33(41.3)
Blood pressure? systolic 14064 +15.89 14242 £2236 0.680
(mm Hgl diastolic 8621 £9.61 86.97 £10.75 0.690
d 2
o [m{m ] 1,772.70 £580.06 1,785.98 +611.90 0.900
(at baseline)
BMI? [kg/m?] 2397 £3.88 2323 +£3.83 0410
J : 2
SR Y/ 1.7 i 17.74 +7.80 19.30 £9.56 0.580
(at baseline)

Data presented as mean + standard deviation (M +SD) or as number (percentage) (n (%)). SES — socio-economic status assessed by the Kuppuswamy scale'?;
CVS - cardiovascular system; CNS - central nervous system; PISA — periodontal inflamed surface area; BMI — body mass index; eGFR — estimated glomerular
filtration rate; ? t test; ® x? test with a continuity correction; € x? test; d Mann-Whitney U test.
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Table 2. Comparison of clinical variables within the groups across the study time points

Group

Group 1

Group 2

Variables

hs-CRP
[mg/L]

eGFR
[mL/min/1.73 m?

eGFR
[mL/min/1.73 m?]

Time point min-max

at baseline 0.34-119.38
at 3 months 042-29.30

at 6 months 0.56-15.49

at baseline 7.00-35.00

at 3 months 8.00-39.00

at 6 months 8.00-57.00

at baseline 10.00-500.00
at 3 months 10.00-500.00
at 6 months 10.00-500.00
at baseline 1,031.12-3,506.00
at 3 months 132.45-690.12
at 6 months 100.21-598.65
at baseline 0.57-16.59

at 3 months 0.46-20.90

at 6 months 044-32.23

at baseline 6.00-42.00

at 3 months 6.00-53.00

at 6 months 4.00-45.00

at baseline 10.00-500.00
at 3 months 10.00-500.00
at 6 months 10.00-500.00
at baseline 1,062.85-3,564.15
at 3 months 1,150.21-3,523.10
at 6 months 1,190.22-3,594.25

M £SD
6.59 +17.250¢
3.90 +£4.80°¢
3.03 £3.20%°
17.74 +7.80°¢
20.59 +8.212¢
25.04 +£11.53%0
184.68 +209.99b<
169.57 £131.71°
13840 £143.69*
1,772.70 £580.06°¢
279.82 £119.05%¢
249.46 +£92.723P
4.80 +4.220¢
588 +£5.12%¢
6.79 £6.49%0
19.30 £9.56°¢
17.81 £11.10%¢
16.06 £9.392P
191.52 £204.86"¢
205.00 £195.49°
218.94 £202.29°
1,785.98 £611.90°¢
1,819.25 £599.46%¢
1,854.32 £593.273b

Me (IQR)
342 (2.99)

p-valuet
2.80 (2.09) <0.001**
2.10(1.43)
16.00 (12.00)
20.00 (12.00) <0.001**
23.00 (18.00)
150.00 (490.00)
75.00 (140.00) <0.001**
75.00 (125.00)
1,679.54 (617.30)
24533 (156.19) <0.001**
116.43 (90.27)
3.58(2.38)
3.98 (4.19) <0.001**
4.32(6.43)
18.00 (8.50)
14.00 (10.00) <0.001**
15.00 (9.50)
75.00 (475.00)
150.00 (425.00) <0.001**
150.00 (425.00)
1,587.84 (615.08)

1,647.89 (662.13) <0.0071**

1,696.33 (658.95)

min — minimum; max — maximum; M — mean; SD - standard deviation; Me — median; IQR - interquartile range; hs-CRP — high-sensitivity C-reactive protein;

UACR - urine albumin-to-creatinine ratio;  at baseline; ® at 3 months; © at 6 months; T Friedman’s test; ** highly significant (p < 0.001). The 95% Monte Carlo
confidence interval (C/) for group 1 was 0.00-0.06 and for group 2 it was 0.00-0.09. Post hoc Scheffe's test applied for pairwise comparisons showed significant
differences at p < 0.05.

hs-CRP and renal biomarkers were compared between
the 2 groups at baseline (p > 0.05). However, the above-
mentioned variables were statistically significantly dif-
ferent in the 2 groups at 3-month and 6-month follow-

Table 3 and Fig. 2—5 show the intergroup compari-
sons of the median values of periodontal parameters,
hs-CRP and renal biomarkers between the 2 groups at
different time points. No statistically significant dif-

ferences were observed when periodontal parameters, up (p < 0.05).

140 60

120 - E 50 ’
T 3 : -
5 100 = 40 ’ .
= 30 R
o g
=9 £ 30
ET) 60 m group 1 »é % : i;zuz;

— u

2 40 m group 2 %

0| e ‘ ’ g 10

. : '
0 ié- —P& -&-* 0

at baseline  at 3 months at 6 months at baseline  at 3 months at 6 months

Fig. 3. Comparison of the estimated glomerular filtration rate (eGFR)
between the groups according to the time points

Data presented as M £5D.

Fig. 2. Comparison of high-sensitivity C-reactive protein (hs-CRP)
between the groups according to the time points

Data presented as M £SD.
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UACR [mg/gCr]

at baseline at 3 months at6 months | at baseline

at 3 months  at 6 months

Fig. 4. Comparison of the urine albumin-to-creatinine ratio (UACR)

between the groups according to the time points
Data presented as M +5D.

4,000
3,500
3,000
2,500
2,000
1,500
1000
500

PISA [mm?]

. °

= ==

o group |
m group 2

at baseline  at 3 months at 6 months

Fig. 5. Comparison of the periodontal inflamed surface area (PISA)
between the groups according to the time points

Data presented as M £5D.

Table 3. Comparison of clinical variables between the groups across the study time points

Variables

hs-CRP
[mg/L]

eGFR
[mL/min/1.73 m?

UACR
[mg/gCr]

PISA
[mm?]

Time point

at baseline

at 3 months

at 6 months

at baseline

at 3 months

at 6 months

at baseline

at 3 months

at 6 months

at baseline

at 3 months

at 6 months

Group
group 1
group 2
group 1
group 2
group 1
group 2
group 1
group 2
group 1
group 2
group 1
group 2
group 1
group 2
group 1
group 2
group 1
group 2
group 1
group 2
group 1
group 2
group 1
group 2

M £SD
6.59 +17.25
4.80 +4.22
3.90 +4.80
588 +5.12
3.03+3.20
6.79 £6.49
17.74 £7.80
19.30 £9.56
20.59 £8.21
17.81 £11.10
2504 £11.53
16.06 £9.39
184.68 +209.99
191.52 +204.86
169.57 £131.71
205.00 £195.49
13840 +143.69
218.94 +202.29
1,772.70 £580.06
1,785.98 +611.90
279.82 £119.05
1,819.25 £599.46
24946 £92.72
1,854.32 £593.27

95% ClI

0.74-0.91

0.00-0.01

0.00-0.04

0.34-0.59

0.00-0.06

0.00-0.04

0.73-0.89

0.01-0.12

0.00-0.04

0.85-0.97

0.00-0.04

0.00-0.04

p-valuet

0.880

0.010*

<0.001**

0.580

0.030*

<0.001**

0.810

0.030*

<0.0071**

0.900

<0.001**

<0.001**

1 Mann-Whitney U test; * statistically significant (p < 0.05); ** highly significant (p < 0.001).

Discussion

A recent systematic review on the association between
CP and CKD, and the effects of periodontal treatment

concluded that there was an increased incidence of CP in
CKD patients, with odds ratios (ORs) ranging from 1.49 to
2.39.12 After multivariable adjustment, it was also found that
CP was associated with CKD and that it was a modifiable
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risk factor for CKD. The authors thus emphasized the
need for carefully designed interventional studies to
determine whether periodontal treatment can reduce the
incidence and/or severity of CKD.!?

The present study was conducted to evaluate the effect
of periodontal treatment on the systemic inflammatory
response. The results showed a causal association between
the treatment of CP and high serum levels of hs-CRP as
well as high values of eGFR and UACR in CKD patients.
However, there were many confounding factors, like
hypertension, diabetes, smoking, and SES, leading to
an increase in the systemic inflammatory burden.

In the present study, hs-CRP was used to assess the
local inflammatory processes leading to the systemic
inflammatory burden. It has been documented that CP
induces an acute-phase inflammatory response that can
be measured based on the serum level of hs-CRP, which is
regarded as a key biomarker of systemic inflammation.!?
High-sensitivity CRP is mainly synthesized by hepato-
cytes in the liver in response to inflammation and tissue
damage, but can also be produced locally by arterial tis-
sue, and is regulated by cytokines, like IL-6, IL-1 and
tumor necrosis factor alpha (TNF-a).!4

For hs-CRP, 1-3 mg/L is considered the critical range
pertaining to risk prediction. Elevated levels of hs-CRP
(>2.1 mg/L) are associated with a higher incidence
of acute thrombotic events, including stroke and myocar-
dial infarction.?

According to a systematic review,'¢ there is convincing
evidence that CRP is chronically elevated in CP patients
as compared to healthy controls and that it is affected by
the severity of CP, with benefits of periodontal treatment
for such patients as compared to untreated ones.!”

In the present study, the serum levels of hs-CRP in
group 1 decreased after NSPT from 6.59 +17.25 mg/L
(at baseline) to 3.90 £4.80 mg/L (at 3 months), and then to
3.03 £3.20 mg/L (at 6 months). By contrast, in group 2, the
serum levels of hs-CRP increased from 4.80 +4.22 mg/L
(at baseline) to 5.88 +5.12 mg/L (at 3 months), and then
to 6.79 £6.49 mg/L (at 6 months). D’Aiuto et al. reported
that the serum levels of CRP were reduced in 65 patients
with severe CP, otherwise systemically healthy, who were
subjected to intensive NSPT for 2 months.!® Vilela et al.
reported a reduction in the levels of prohepcidin, IL-6 and
hs-CRP in both CKD and control patients following peri-
odontal treatment.! Their findings suggest that CP indu-
ces the systemic inflammatory response and is more severe
in CKD patients; however, successful periodontal treat-
ment reduces the inflammatory burden in such patients,
and thus may be a beneficial intervention in the therapy
of CKD." In a study by Guo and Lin, 53 patients were di-
vided into 3 groups: group A received treatment for both
CKD and CP; group B received treatment for CKD only;
and group C received treatment for CP only.?’ The authors
concluded that in patients with CKD and CP, NSPT de-
creased both the clinical parameters of CP and the serum
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markers of systemic inflammation. The levels of hs-CRP
were reduced in all groups, especially in group A, with
a decrease from 4.71 +1.55 mg/L pre-operatively to
3.70 +1.28 mg/L post-operatively.?’ Elevated levels of CRP
are also related to several other CKD risk factors, such
as SES, old age, prolonged diabetes, CVD, and albumin-
uria; however, periodontitis is an independent predictor
of increased hs-CRP in CKD patients.?! Considering the
presence of similar confounding factors in both groups in
the present study, a decrease in hs-CRP in group 1 can be
attributed to NSPT only, wherein patient motivation and
counseling by the periodontist during treatment led to
psychological benefits, an increased patient understanding
of the need to maintain good oral hygiene, and increased
treatment compliance with regard to both CKD and CP.

In this study, eGFR and UACR were used as renal bio-
markers to evaluate the progression or regression of CKD.
There are many methods to diagnose and stage CKD. The
estimated GFR is used for diagnosis, staging and progno-
sis. It also plays an important role in drug dosing and risk
stratification for clinical procedures and future outcomes.
The estimated GFR is usually calculated based on the
plasma creatinine values, using the Modification of Diet
in Renal Disease (MDRD) Study equation or the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI)
equation.?? In the present study, the MDRD formula was
used to calculate eGFR. This formula has been extensively
validated in multiple samples with and without CKD.
Many of the studies have shown a good performance of the
method in CKD patients, including those with diabetes or
kidney transplants, and the elderly.?® Albuminuria is the
most frequently used marker of kidney damage in clini-
cal practice and research. Over 50% of CKD cases may be
missed if UACR is ignored. The estimation of UACR has
advantages over other tests in terms of sensitivity and the
level quantification. Moreover, the assessment of UACR
in CKD screening appears to enable a more accurate pre-
diction of poor quality of life.?*

The results of the present study are similar to those
obtained by Almeida et al.?® The authors reported sig-
nificant improvement after an intervention in the
median (25%, 75% percentiles) eGFR values from 34.6
(27.0, 44.7) mL/min/1.73 m? at baseline to 37.6 (29.7,
57.0) mL/min/1.73 m? on day 90 and 37.6 (28.6, 56.0)
mL/min/1.73 m? on day 180.%°

Carillo Artese et al. evaluated the effect of NSPT with
no antibiotics on the levels of creatinine and eGFR at base-
line and 3 months after treatment in 21 pre-dialysis CKD
patients and 19 individuals without CKD.?¢ Both groups
showed significant and similar post-treatment improve-
ment in all parameters examined.?® Periodontal treatment
may thus play an important role in reducing inflammatory
mediators. Several studies have indicated that the kidneys
are important for the clearance of cytokines.?” High levels
of inflammatory markers may have detrimental effects on
the renal system, because an increased nephron filtration
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of plasma proteins results in further release of cytokines
in the renal interstitium, with subsequent fibroblast pro-
liferation, fibrogenesis, and ultimately renal scarring, con-
tributing to progressive deterioration in function. Hence,
periodontal treatment could have positive effects on both
systemic inflammatory markers and renal endothelial
function via more effective filtration.?8

The present study used PISA as the main periodontal
parameter. Periodontal inflammation, which occurs local-
ly, but can disseminate systemically, is the biological basis
for the plausibility of any potential association between
CP and other diseases. In this sense, any classification
of CP as a potential risk factor for any systemic condition
should quantify the inflammatory burden posed by peri-
odontitis.? For this reason, the PISA classification, which
was developed in 2008, is based not only on linear mea-
surements, such as CAL and gingival recession (GR), but
also on BoP. Thus, PISA reflects the surface area of bleed-
ing pocket epithelium in square millimeters.* Notably,
PISA is considered by medical professionals other than
dentists as a useful index for understanding the degree
of inflammation induced by PD. As stated by Leira et al.,
a PISA value >130.33 mm? indicates CP while values
ranging from 934.71 mm? to 3,274.96 mm? indicate severe
periodontitis cases according to the Centers for Disease
Control and Prevention and American Academy of Peri-
odontology (CDC-AAP) classification.?® A study evaluat-
ing the dose—response relationship between PISA and the
level of HbAlc revealed that PISA indeed appeared to be
a valuable tool for assessing the relationships between the
amount of inflamed periodontal tissue and well-defined
disease activity parameters, such as HbAlc.*® To date,
one Japanese study has used this index in patients with
CKD and CP3! The study investigated the effect of PD on
kidney function in community-dwelling elderly patients.
Participants were classified into quartile groups accord-
ing to their PISA score, and then divided into 2 groups:
the highest quartile vs. the other 3 groups combined. The
results showed that patients in the highest PISA quartile
had a 2.6-fold greater risk of a decreased kidney function
after 2 years of follow-up (OR: 2.58; 95% confidence inter-
val (CI): 1.34—4.98).3!

The results of the present study differ from those of the
Kidney and Periodontal Disease (KAPD) study.>? In the
KAPD study, there was no change in the magnitude of the
biomarkers measured in response to intensive periodon-
tal treatment. There are multifactorial potential reasons
for this difference, including the presence of more severe
PD in the immediate treatment group, the lack of a true
control group, and the fact that the rescue group in the
KAPD study received oral hygiene instructions, cleaning
above the gum line, and had hopeless teeth extracted, all
of which could have reduced the burden of PD, thus re-
ducing the ability to achieve a clear separation in terms
of periodontal status between groups and to detect dif-
ferences in biomarkers.3?
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Persistent low-grade inflammation has been reco-
gnized as an essential component of CKD, and so CP may
contribute to this inflammation. The pathogenesis of CP in-
volves polymicrobial synergy and dysbiosis (the PSD model),
leading to a greater relative abundance of individual com-
ponents of the bacterial community as compared to their
abundance in health, with alterations in the host—-microbe
crosstalk sufficient to mediate destructive inflammation
and bone loss.>®* Among all periodontal pathogens, the
role of Porphyromonas gingivalis (P. gingivalis) is the most
powerful in this respect. Hence, in PD, a larger area of the
inflamed periodontal surface may allow this keystone
periodontal pathogen and its byproducts, like gingipains
and fimbriae, to enter circulation through an ulcerated
periodontal pocket, inducing bacteremia.3* In turn, this
appears to activate cells, series of receptors and signaling
pathways, e.g., dendritic cells, which are the critical cells
of the immune response and the ‘presenters’ of antigens
that can also serve as the ‘transporters’ of bacteria and their
virulence factors.3* Moreover, gingipains from P, gingivalis
have been shown to activate protease-activated receptors
(PARs) and toll-like receptors (TLRs), leading to an in-
creased inflammatory response with the release of chemo-
kines*® and pro-inflammatory cytokines, like IL-6,
prostaglandin E2 (PGE2) and thromboxane B2 (TXB2), in
the kidneys, generating an inflammatory cascade that can
lead to kidney dysfunction. These factors may accelerate
angiogenesis, thrombus formation and platelet aggrega-
tion via several mechanisms causing vasoconstriction and
a chronic reduction in renal blood flow. The atherogenesis
of the renal artery and arterioles can also cause ischemia,
glomerular sclerosis and severe renal insufficiency.3

Alternatively, the effect of periodontitis on renal tissue
can be explained by the concept of oral microbial patho-
gens affecting distant organs directly through blood-
stream dissemination, a ‘mobile oral microbiome; involv-
ing the direct migration of resident oral microbial species
and their colonization in distant organs.*” In some case
studies,® these oral pathogens have been directly indicat-
ed as a cause of bacterial endocarditis, acute post-strepto-
coccal glomerulonephritis and infective endocarditis-
associated glomerulonephritis. The P, gingivalis fimbriae
bind to cluster of differentiation 14 (CD14) and activate
TLR2-phosphoinositide 3-kinase (PI3K) signaling. The
activated TLR2 pro-adhesive signaling pathway enhances
leukocyte—endothelial cell interactions, transendothelial
migration and the interaction of its cell surface fimbriae
with complement receptor 3 (CR3). The activated CR3
then downregulates IL-12p70, a key cytokine involved in
macrophage phagocytosis. This CR3-associated reduc-
tion in IL-12p70 impairs the clearance of P. gingivalis and
promotes its survival in renal tissue.>

At the molecular level, hsa-miR-146a, hsa-miR-146b,
hsa-miR-155, and hsa-miR200 could be considered
as potential biomarkers of the progression of PD.%* To
date, only an animal study with transcription factor
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signal transducer and activator of transcription (STAT)
has been carried out considering both PD and CKD.* The
study demonstrated that STAT1 expression was augment-
ed by periodontitis, and resulted in the upregulation of in-
flammatory and fibrosis genes, which aggravated hyper-
tensive renal injuries in the mouse model, thus suggesting
a new target for periodontal treatment in CKD patients.*!

Notably, 30-50% of both ESRD patients on RRT and
non-dialyzed CKD patients show evidence of an active
systemic inflammatory response in the form of elevated
serum levels of CRP and other pro-inflammatory cyto-
kines, like IL-1 and IL-6.%? Therefore, there are 2 potential
mechanisms through which the immune system and the
inflammatory process may affect distant organs, includ-
ing the kidneys. However, the mechanisms through which
CP influences CKD are not well understood. This process
is not likely to involve a single causal mechanism, but
rather a combination of mechanisms.

The present study is a novel effort to evaluate the effect
of NSPT on the PISA scores in patients with CKD and CP.
An increase in the PISA scores, as observed in group 2 in
our study, can be explained by the high prevalence and se-
verity of periodontitis in CKD patients. An in-depth review
by Akar et al. explored the etiological factors and systemic
consequences of poor oral health in CKD patients, and ob-
served that oral hygiene was generally poor in such patients,
which might cause inflammation, infection and athero-
sclerosis, and could worsen their condition.** Hence, maintain-
ing good oral health is essential for such patients, and should
be monitored both by nephrologists and periodontists.

Apart from NSPT, periodontal therapy can include
laser therapy (LT) and photodynamic therapy (PDT) as
methods of antimicrobial treatment to kill periodontal
bacteria with few adverse effects. The abovementioned
alternatives can be used as independent treatment or as
an adjunct to SRP. A randomized clinical trial evaluating
all 3 treatment modalities reported changes in the expres-
sion of 13 different cytokines, ia., IL-1 and IL-6, and
9 acute-phase proteins, i.a., CRP, in the gingival crevicular
fluid (GCF) of CP patients.**

The present study is the pilot study of an ongoing longi-
tudinal prospective trial, wherein the correlation between
CKD and the treatment of CP will be evaluated through
the multivariate logistic regression analysis. Some limita-
tions of the present study are as follows: the patient popula-
tion was taken from a single center; some patients dropped
out; and the frequency of use of antihypertensive drugs and
their effects on renal biomarkers were not examined. These
limitations should be addressed in future studies.

Conclusions

Chronic periodontitis is a non-traditional risk
factor for CKD that can be treated in a dental office by
means of NSPT and proper maintenance visits, which
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are expected to reduce the inflammatory burden, and
thus limit the effect of contributing factors on further
progression of CKD. Therefore, methods of early CP
detection, risk factors for kidney disease and specifically
dental interventions warrant attention from global public
health organizations. In the future, larger studies using
different biomarkers and long-term follow-up are needed
to evaluate the contribution of periodontal treatment in
reducing the risk of CKD or its progression.
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