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Abstract
Purpose  Chronic inflammation is an obvious risk factor of atherosclerotic diseases, and the presence of periodontal disease 
is one of the important sources of chronic inflammation in patients with chronic kidney disease (CKD) and diabetes mellitus 
(DM). Thus, we aimed to investigate the effects of non-surgical periodontal therapy of the patients undergoing CAPD due 
to diabetic nephropathy, diabetic patients without CKD, and healthy controls on inflammation exponents.
Methods  Thirty-two CAPD patients due to diabetic nephropathy (group III), 31 diabetic patients without nephropathy (group 
II), and 38 healthy subjects (group I) were enrolled to the study. All patients enrolled to the study (to all groups) suffered 
from chronic periodontitis. Plaque index, Gingival index, pocket depth (PD) measurements were recorded before and after 
periodontal therapy. All blood samples for biochemical parameters were measured by using standard laboratory techniques 
with an automatic analyser. Blood samples for TNF-α, IL-6, and PTX-3 were centrifuged, and separated serum and plasma 
samples were stored at − 80 °C until analysis.
Results  All inflammatory markers were significantly higher in group III than the other two at baseline. TNF-α levels were 
significantly decreased after periodontal treatment at 3-month visit in all groups. PTX-3, IL-6, and Hs-CRP levels were 
significantly reduced after periodontal treatment at 3 months in group III.
Conclusion  Periodontal disease is an important source of inflammation in diabetic CAPD patients and treatment of peri-
odontal disease can be monitored by inflammatory markers including TNF-alpha, PTX-3, IL-6, and Hs-CRP. TNF-alpha may 
be useful and more sensitive monitoring inflammation in healthy patients and diabetic patients after periodontal treatment.
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Introduction

Chronic kidney disease (CKD), defined as a progressive 
decline in renal function monitored by glomerular filtra-
tion rate (GFR), is an important public health problem all 
over the world and its prevalence is growing over time [1, 
2]. CKD affects 10–16% of the adults around the world 

currently [2], and according to large population (10,872 
participants)-based survey the prevalence of CKD in Turk-
ish population was found to be 15.7% [3]. The management 
of CKD includes dietary changes, correction of systemic 
complications, and renal replacement therapy via hemodi-
alysis, peritoneal dialysis, or renal transplantation. Several 
factors were defined as a risk factor for CKD including dia-
betes mellitus, hypertension, smoking, obesity, and genetic 
factors. Diabetic patients constitute majority of the newly 
diagnosed CKD patients [4]. One of the most important 
goals in patients with CKD is to improve their quality of life. 
Cardiovascular complications which are not explained by the 
traditional risk factors are still the major cause of morbidity 
and mortality [5]. Chronic inflammation is an obvious risk 
factor of atherosclerotic diseases, including CKD patients, 
particularly in continuous ambulatory peritoneal dialysis 
(CAPD) patients [6]. The presence of periodontal disease 
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has been investigated as a potential source of chronic inflam-
mation in patients with CKD [7, 8].

Periodontal diseases, comprising gingivitis and periodon-
titis, are probably the most common disease in the world. 
The recent Global Burden of Disease Study indicates that 
severe periodontitis is the sixth most prevalent disease 
worldwide, with an overall prevalence of 11.2% and around 
743 million people affected [9].

Diabetes mellitus, heterogenous group of metabolic dis-
eases characterized by hyperglycemia resulting from defects 
in insulin secretion, insulin action, or both, is associated with 
long-term damage of various systems, especially cardiovas-
cular disease [10]. Diabetes mellitus might be associated 
with several diseases. Current data reveal strong evidence 
that a two-way relationship between diabetes and periodonti-
tis exists [11, 12]. Various studies documented that diabetes 
is the risk for periodontitis, and periodontal inflammation 
negatively affects glycaemic control [11]. In addition, inci-
dence of CKD is increased threefold in diabetic individuals 
who also have severe periodontitis and the risk of cardiore-
nal mortality is three times higher in diabetic people with 
severe periodontitis than in diabetic people without severe 
periodontitis [12].

In the light of these literatures, the aim of our study was 
to evaluate the effects of non-surgical periodontal therapy 
on patients undergoing CAPD due to diabetic nephropathy, 
to compare these possible effects among diabetic patients 
without CKD, healthy controls, and CAPD patients.

Materials and methods

Study population

This before/after clinical study was approved by the Erciyes 
University Faculty of Medicine Ethics Committee (Deci-
sion Number: 2014/606). Forty-nine CAPD patients due to 
diabetic nephropathy (32 of them meet the inclusion cri-
teria) were referred from the Department of Nephrology, 
Erciyes University Faculty of Medicine. In addition, thirty-
one patients with diabetes mellitus without nephropathy 
and thirty-eight healthy subjects, all patients enrolled to 
the study (to all group) suffered from chronic periodonti-
tis. Informed consent was obtained from all participants. 
The study was conducted between December 2014 and 
July 2015. Twenty patients were included for each groups 
(Group I healthy controls, Group II Diabetic patients with-
out nephropathy, Group III CAPD patients with diabetic 
nephropathy) randomly assigned by electronically gener-
ated list. Allocation concealment for each groups was done 
by well-sealed opaque envelopes, each number represented 
a patient in the study groups.

Case definitions

The clinical diagnosis of chronic periodontitis (CP) was 
determined based on the criteria described by Savage et al. 
[13] as follows: the presence of ≥ 5 teeth with ≥ 1 sites 
with probing depth (PD) ≥ 5 mm, clinical attachment level 
(CAL) ≥ 2 mm, and the presence of bleeding on probing 
(BOP). Type 2 Diabetes Mellitus (DM) was diagnosed 
when patients had fasting blood glucose (FBG) ≥ 126 mg/
dL and/or ≥ 200 mg/dL glucose levels at 2 h after inges-
tion of 75 g glucose based on the diagnostic criteria of 
American Diabetes Association [9]. Diabetic nephropathy 
is defined by macroalbuminuria that is, a urinary albumin 
excretion of more than 300 mg in a 24-h collection or mac-
roalbuminuria and abnormal renal function as represented 
by an abnormality in serum creatinine, or glomerular fil-
tration rate (GFR) [14, 15].

Inclusion criteria were as follows: All patients in each 
groups had to have chronic periodontitis and ≥ 15 natural 
teeth; moreover, they needed to be > 25 years old. His-
tory of antibiotic or anti-inflammatory drugs within the 
previous 6 months, pregnancy or lactation, periodontal 
therapy within 6 months prior to the study, past or current 
smoking and alcohol consumption were considered to be 
exclusion criteria.

Clinical examinations

The following clinical parameters were evaluated at base-
line and the end of the study: Plaque index [16], Gingival 
index [17], pocket depth (PD) measurements, bleeding on 
probing (BOP)—percentage of BOP (+) sites, gingival 
recession (GR)—from the cement–enamel junction to the 
gingival margin, and clinical attachment level (CAL)—
the sum of PD and GR measurements. In addition, the 
percentage and number of deep sites were also calculated. 
The Decay–Missing–Filling Index (DMFT) was recorded. 
Clinical examinations were repeated 3 months following 
periodontal treatment. All clinical measurements were 
taken from the mid-buccal and mid-lingual sites and the 
buccal aspects of the interproximal contact area for the 
mesial and distal sites of each tooth to the nearest 0.5 mm 
using a 15 mm periodontal probe (CEPCN15, Nordent, 
IL, USA) at baseline and the 3rd and 6th months after 
treatment. All periodontal clinical examinations were 
performed by one calibrated examiner (FOT). Periapical 
radiographs with the parallel technique and panoramic 
radiographs were taken at baseline for confirmation of the 
diagnosis of chronic periodontitis, as well as the diagnosis 
of other pathological conditions within the jaws.
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To estimate the reliability of the measurements during 
the treatment period, ten randomly selected patients were 
re-evaluated. The reliability of the continuous variables 
was expressed as the standard deviation of the differences 
divided by two. The range of the mean error for PD was 
0.13–0.15, and this indicated stable reliability during the 
evaluation period. Cohen’s kappa (κ) was employed to 
describe the reliability of discrete GI and BOP values. 
Based on duplicate measurements, the κ values of GI and 
BOP were 0.94 ± 0.04 and 0.93 ± 0.05, respectively.

Blood sampling and laboratory analysis

At baseline and 3 after treatment, 20 mL fasting venous 
blood samples were collected from the antecubital fossa by 
an experienced nurse. All blood samples were collected in 
the morning at 8:00–8:30 am. Immediately after the col-
lection, blood samples were sent to biochemical laboratory 
of Erciyes University Faculty of Medicine for analysis and 
all blood samples were measured by using laboratory tech-
niques with an automatic analyser. Blood samples for TNF-
α, IL-6, and PTX-3 were centrifuged, and separated serum 
and plasma samples were stored at − 80 °C until analysis.

TNF-α (Invitrogen, Cat no: KHC3011), IL-6 (Invitrogen, 
Cat no: KHC0061), and PTX3 (Shanghai Yehua, Cat no: 
YHB2259Hu) serum levels were determined using a com-
mercial solid-phase enzyme-linked immunosorbent assay 
(ELISA) kit according to the manufacturer’s instructions. 
The plates were read with an Epoch microplate spectro-
photometer (BioTec Winooski, VT, USA). The values were 
expressed as ng/mL (PTX3) and pg/mL (TNF-α and IL-6); 
the variation coefficients of the methods for TNF-α, IL-6, 
and PTX3 were 4.4, 6.2, and < 10%, respectively. TNF- α, 
IL-6, and PTX-3 parameters were measured in the Biochem-
istry Department of Erciyes University, Faculty of Medicine.

Periodontal treatment

Periodontal treatments were performed 2 h after the patients 
had their breakfast following the blood sampling. Standard 
oral hygiene instructions were given to all groups, including 
interdental plaque control (interdental brushes) and brush-
ing of the dorsum of the tongue twice a day. Oral hygiene 
control and reinstructions were provided during all visits. 
After local infiltration, full-mouth scaling (scraping off the 
tartar from above and below the gum line) and root planning 
(gets rid of rough spots on the tooth roots where the bacteria 
gather and removes bacterial toxins that penetrate into root 
surfaces) (FM-SRP) was performed by the same investiga-
tor (ZT) with standard periodontal curettes and ultrasonics. 
Periodontal therapy was completed within 24 h in two con-
secutive visits. The full-mouth disinfection (FMD) protocol 
was performed based on Quirynen et al. [18] Periodontal 

therapy was scheduled in the following order: (1) brushing 
the dorsum of the tongue (by the patients) for 60 s with a 
0.1% chlorhexidine gel; (2) rinsing twice with 0.12% chlo-
rhexidine solution for 1 min (for the last 10 s, the patients 
had to gargle in an attempt for the rinsing solution to reach 
the tonsils); (3) subgingival irrigation of all the pockets 
three times within 10 min with chlorhexidine 1% gel; and 
(4) repeating the subgingival application on day 7. In addi-
tion, the patients were instructed to rinse twice daily for 
1 min with a 0.12% solution of chlorhexidine during the 14 
days after treatment. SRP was repeated if necessary at the 
end of the study.

During the periodontal treatment sessions, necessary 
tooth extractions were performed and referrals for endodon-
tic and restorative treatments were given immediately after 
periodontal treatment was completed.

Statistical analysis

The sample size was calculated based on Fang et al. [19] 
using data relative to the mean difference and standard devi-
ation (SD) between the IL-6 level of CKD patients during 
the experimental period. It was estimated that 16 patients 
for each group would be enough to find a decrease of 1.03 
(pg/mL) at 3 months (1.00 SD, α error of 0.05, and β error 
of 0.2). The Kolmogorov–Smirnov test was used to test the 
normality of the data. The One-way ANOVA and Kruskal 
Wallis H tests were used to analyze the parametric and non-
parametric data, respectively. The categorical variable sam-
ples’ intergroup comparisons were performed by the Chi-
square analysis The repeated measures ANCOVA test was 
used for three groups to analyze the repeated measurements; 
in addition, results were adjusted for sex and the corrected 
p values were presented in tables. Moreover, we performed 
log transformation for not normally distributed variables. 
For the post hoc comparisons, Bonferroni correction was 
used. All analyses were conducted using statistical software 
(SPSS Version 21) with the significance level set as < 0.05.

Results

There were significant differences in terms of gender among 
the groups. Other demographic characteristics, oral hygiene 
habits, and anthropometric parameters were similar among 
the groups. During the study period there were no reported 
changes or eating habits in the lifestyle of participants; con-
sequently, there were no significant changes in the anthro-
pometric measurements in the groups (Table 1).

All of the periodontal parameters were similar at baseline 
in all groups. Periodontal treatments were without complica-
tion and no side effect was reported in the participants. There 
were no significant differences among groups at 3 months. 
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However, significant improvements were observed at the 3 
months compared to baseline in all groups. In addition, no 
significant differences were found in the DMFT total val-
ues, decay, and missing tooth number neither baseline nor 
3 months of follow-up period for all groups (Table 2).

There were significant differences observed in the lipid 
profiles between the groups (Table 3). Triglyceride (TC) lev-
els were significantly higher in group II than other groups 
both baseline and 3 months. Intragroup analysis showed no 
significant changes after periodontal treatment. HDL level 
was significantly lower in group III than other groups both 
baseline and 3 months. Intragroup analysis showed no sig-
nificant changes after periodontal treatment for all groups in 
terms of HDL levels. LDL level was significantly higher in 
group II than other groups both baseline and after 3 months. 
Intragroup analysis showed significant changes after peri-
odontal treatment for all groups.

HbA1c levels were significantly lower in group I than 
other groups at all baseline; however, there were no sig-
nificant changes after periodontal treatment for all groups. 
Homeostatic model Assessment for Insulin Resistance 
(Homa-IR) scores were significantly higher at both base-
line in group III than other groups and intragroup analysis 
showed significantly reduction only in group III (Table 3)

There were significant differences in nutritional param-
eters among groups. Also, serum albumin levels were simi-
lar for all groups at baseline and after 3 months. There were 
no significant differences found in the intragroup analysis 
(Table 3).

There were significant differences in biochemical and 
hematological parameters between groups. Serum Para-
thyroid hormone (PTH), Ca, phosphorus, uric acid, and 
hemoglobin levels were significantly higher in group III 
than other groups at both baseline, and there were no sig-
nificant changes after periodontal treatment at 3 months for 
all groups (Table 4).

There were significant differences in terms of inflamma-
tory markers among all groups. All inflammatory markers 
were significantly higher in group III than other groups at 
baseline. Except for PTX-3, all other parameters were signif-
icantly higher in group III than other groups after 3 months. 
TNF-α levels were significantly decreased after periodontal 
treatment at 3-month visit in all groups (graph 1). PTX-3, 
IL-6, and Hs-CRP levels were significantly reduced after 
periodontal treatment at 3 months in group III. In addition, 
there were no significant changes in terms of serum ferritin 
levels after periodontal treatment at 3 months in all groups 
(Table 5).

Table 1   Characteristics of the 
study population

a,b Gender parameter was significantly difference

Group I Group II Group III p values

Age( years)
 (Mean ±  sd) 47.5 ± 8.8 50.4 ± 8.8 52.7 ± 12.0 0.267
 (Min − max) 30–62 33–63 29–66

Gender
 Female (n) (%) 13 (65%)a,b 15 (75%)b 6 (30%)a 0.012
 Male (n) (%) 7 (35%) 5 (25%) 14 (70%)

Frequency of toothbrushing (n) (%)
 Once a day 17 (85%) 18 (90%) 18 (90%) 0.405
 Twice a day 3 (15%) 2 (10%) 2 (10%) 0.863
 Interdental cleaning (n) 2 3 1

Marital status
 Married 12 14 11 0.623
 Single 8 6 9

Last dental visit
 < 12 months 2 4 5 0.405
 > 12 months 18 16 15

Body mass index
 Baseline 31.0 ± 4.9 31.4 ± 4.2 29.1 ± 4.5 0.205
 3 months 31.1 ± 4.9 31.7 ± 4.2 29.5 ± 4.5 0.300
 p values 0.740 0.790 0.690

Waist circumference
 Baseline 100.3 ± 13.4 106.6 ± 13.0 109.2 ± 16.6 0.125
 3 months 100.3 ± 13.4 107.1 ± 12.5 110.3 ± 16.7 0.091
 p values 0.795 0.600 0.680
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Discussion

Several findings about the relationship between periodon-
tal disease and diabetic nephropathy were identified in this 
study. Firstly, a significant reduction in inflammatory mark-
ers was observed during follow-up. TNF-α decreased in all 
groups and PTX-3, IL-6, and Hs-CRP were reduced in group 
III only. Lastly, there was no significant change in HbA1c 
in all groups.

The present study found that most patients (Table 1) were 
at a dentist for over a year ago, which is a long term for 
patients at risk. According to literature, frequent dental visi-
tors had more teeth than infrequent visitors. However, we 
investigate main periodontal parameters and Renvert et al. 
documented that frequency of dental visits had no impact 

on plaque deposits, gingival inflammation, or alveolar bone 
levels [20].

The recent meta-analysis results, FMD, FMS, and Q-SRP 
are all effective for the management of chronic periodonti-
tis [21]. The comparisons of FMD versus Q-SRP revealed 
that FMD had modest supplemental clinical benefits over 
Q-SRP in reduction of probing depth and gain in clinical 
attachment level [22]. In addition, studies reported that 
FMD has some advantages such as greater adherence, low 
cost, and fewer treatment sessions, with less traveling or 
absence from work for the patient [23–26]. For this reasons, 
we preferred to apply FMD and FM-SRP as the choice of 
treatment to restrict the cumulative effect of bacteremia 
and refrain repeated acute inflammation occurring during 
traditional treatment modalities in this study [26, 27]. As 

Table 2   Clinical parameters of 
the study population

Different uppercase letters (A or B ) across columns differ significantly.

Group I Group II Group III p values

PI
 Baseline 2.3 ± 0.3A 2.2 ± 0.3A 2.3 ± 0.3A 0.774
 3 months 1.3 ± 0.4B 1.2 ± 0.3B 1.4 ± 0.4B 0.475
 p values < 0.001 < 0.001 < 0.001

GI
 Baseline 1.5 ± 0.2A 1.4 ± 0.4A 1.3 ± 0.4A 0.267
 3 months 0.8 ± 0.2B 0.9 ± 0.2B 0.9 ± 0.3B 0.356
 p values < 0.001 < 0.001 < 0.001

BOP
 Baseline 0.62 (0.56–0.80)A 0.57 (0.46–0.54)A 0.67 (0.50–0.81)A 0.672
 3 months 0.50 (0.46–0.54)B 0.52 (0.44–0.63)B 0.52 (0.37–0.63)B 0.920
 p values < 0.001 0.001 < 0.001

PD
 Baseline 3.0 ± 0.3A 3.1 ± 0.4A 3.2 ± 0.5A 0.314
 3 months 2.6 ± 0.2B 2.6 ± 0.2B 2.6 ± 0.3B 0.983
 p values < 0.001 < 0.001 < 0.001

CAL
 Baseline 4.71 ± 0.5A 3.9 ± 0.8A 4.1 ± 1.1A 0.192
 3 months 4.42 ± 0.5B 3.5 ± 0.8B 3.8 ± 1.1B 0.254
 p values < 0.001 < 0.001 < 0.001

DMFT
 Total
 Baseline 12 10 9 0.300
 3 months 12 10 9 0.272
 p values 0.822 0.722 0.692

Decay
 Baseline 4.0A 4.0 3.0A 0.240
 3 months 2.0B 3.0 2.0B 0.472
 p values 0.032 0.065 0.045

Missing
 Baseline 5.0 5.0 4.0 0.650
 3 months 5.0 5.0 5.0 0.870
 p values 0.920 0.870 0.240
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a result, significant improvements were found for all peri-
odontal parameters during the study period in all groups.

Monitoring of glycaemic control and changes in 
hemoglobin A1c level after periodontal treatment were 

controversial. Although some of studies reported signifi-
cantly reduction of hemoglobin A1C level following perio-
dontal treatment [28], the Cochrane review actually showed, 
based on meta-analysis of 14 studies (1499 participants) 

Table 3   Clinical parameters of 
the study population

Different uppercase letters (A or B ) across columns differ significantly. Different lowercase letters (a or b) 
across row differ significantly.

Group I Group II Group III p values

Lipid metabolic markers
 TC
  Baseline 188.5 ± 27.9a 214.5 ± 46.3b 188.8 ± 43.6a 0.024
  3 months 195.1 ± 31.8a 225.7 ± 51.1b 180.3 ± 33.2a 0.033
  p values 0.300 0.590 0.893

 HDL
  Baseline 51.8 ± 15.1a 52.2 ± 16.2a 41.6 ± 11.5b 0.031
  3 months 50.3 ± 13.7a 54.5 ± 16.6a 39.5 ± 11.8b 0.017
  p values 0.367 0.197 0.458

 LDL
  Baseline 101.7 ± 24.6Aa 130.7 ± 41.6Ab 101.7 ± 36.2Aa 0.020
  3 months 112.6 ± 31.8Ba 137.0 ± 46.9Bb 97.1 ± 30.1Ba 0.019
  p values 0.122 0.192 0.809

Diabetic markers
 HbA1c
  Baseline 5.3 (5.2–5.6)a 7.7 (6.7–9.5)b 8.0 (7.2–9.3)b < 0.001
  3 months 5.3 (5.1–5.6)a 7.6 (6.2–9.0)b 7.4 (6.5–8.7)b
  p values 0.333 0.395 0.102 < 0.001

 Glucose
  Baseline 90 (83–92)a 146 (131–228)b 246 (154–341)Ac < 0.001
  3 months 89 (85–94)a 146 (119–242)b 157 (127–244)Bb < 0.001
  p values 0.413 0.814 0.042

 Insulin
  Baseline 13.5 (10.6–21.7)a 12.8 (8.2–18.3)a 9.5 (5.0–22.9)b < 0.001
  3 months 13.0 (9.3–16.8)a 9.9 (7.0–18.3)a 9.0 (4.5–19.7)b < 0.001
  p values 0.332 0.162 0.198

 Homa-Ir
  Baseline 2.9 (2.3–5.3)a 5.0 (3.1–8.0)b 6.0 (1.7–16.9)Ab < 0.001
  3 months 2.9 (1.9–3.6)a 4.2 (3.5–6.6)b 4.6 (1.5–10.4)Bb < 0.001
  p values 0.595 0.102 0.037

Nutritional markers
 Alb
  Baseline 4.6 ± 0.2 4.6 ± 0.1 3.9 ± 0.2 0.133
  3 months 4.6 ± 0.2 4.6 ± 0.2 4.0 ± 0.3 0.517
  p values 0.815 0.696 0.378

 Cr
  Baseline 0.69 ± 0.1a 0.67 ± 0.1a 6.9 ± 2.9b < 0.001
  3 months 0.70 ± 0.1a 0.64 ± 0.1a 7.7 ± 3.1b < 0.001
  p values 0.751 0.775 < 0.001

 BUN
  Baseline 12.1 ± 3.3a 11.7 ± 3.5a 52.9 ± 16.1b < 0.001
  3 months 12.9 ± 3.1a 12.1 ± 2.8a 53.4 ± 14.4b < 0.001
  p values 0.399 0.685 0.568
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Table 4   Biochemical and 
hematological parameters of the 
study population

Different uppercase letters (A or B) across columns differ significantly. Different lowercase letters (a or b) 
across row differ significantly

Group I Group II Group III p values

Biochemical and hematological parameters
 PTH
  Baseline 52.0 (43.1–64.2)a 42.2 (37.8–50.8)a 299.4 (253–372)b < 0.001
  3 months 51.8 (38.1–77.1)a 38.8 (35.9–47.9)a 324.8 (251–375)b < 0.001
  p values 0.888 0.697 0.674

 Ca
  Baseline 9.3 (9.1–9.5)a 9.3 (9.0–9.8)a 8.5 (7.9–9.0)b < 0.001
  3 months 9.3 (9.2–9.6)a 9.4 (9.2–9.6)a 8.4 (8.0–9.2)b 0.006
  p values 0.127 0.779 0.241

 Phosphorus serum
  Baseline 3.0 (2.8–3.4)a 3.2 (2.9–3.4)a 4.4 (3.9–5.0)b < 0.001
  3 months 3.0 (2.8–3.5)a 3.4 (3.2–3.6)a 4.7 (3.9–5.0)b < 0.001
  p values 0.713 0.177 0.112

 Uric acid
  Baseline 4.7 (4.0–6.0)a 4.0 (3.0–6.0)a 6.0 (5.4–6.6)b 0.001
  3 months 4.7 (4.2–5.6)a 4.3 (3.5–5.3)a 5.6 (5.0–6.4)b 0.001
  p values 0.512 0.211 0.101

 Hb
  Baseline 14.0 ± 1.2a 13.3 ± 2.2a 11.6 ± 1.4b < 0.001
  3 months 14.1 ± 1.3a 13.6 ± 1.8a 11.4 ± 1.5b < 0.001
  p values 0.517 0.277 0.448

Table 5   Clinical parameters of 
the study population

Different uppercase letters (A or B) across columns differ significantly. Different lowercase letters (a or b) 
across row differ significantly

Group I Group II Group III p values

Inflammatory markers
 Tnf-alpha
  Baseline 12.6 (10.1–14.75)Aa 12.8 (10.5–16.8)Aa 33.9 (31.5–43.2)Ab < 0.001
  3 months 10.9 (8.1–13.5)Ba 10.2 (6.1–15.2)Ba 27.7 (21.3–29.8)Bb < 0.001
  p values 0.022 0.037 < 0.001

 Pentraxin-3
  Baseline 4.3 (2.8–7.7)a 4.5 (4.1–4.9)a 8.8 (5.3–15.7)Ab 0.002
  3 months 4.0 (2.9–6.4) 4.3 (3.4–5.3) 5.1 (3.3–14.0)B 0.104
  p values 0.346 0.317 <0.001

 IL-6
  Baseline 2.0 (1.7–3.0)a 2.2 (1.7–2.5)a 3.8 (2.4–7.7)Ab < 0.001
  3 months 1.9 (1.7–2.2)a 1.9 (1.7–2.3)a 3.3 (2.5–4.8)Bb < 0.001
  p values 0.089 0.063 < 0.001

 Hs-Crp
  Baseline 3.6 (3.4–4.1)a 3.9 (3.4–9.0)a 21.0 (5.1–43.7)Ab < 0.001
  3 months 3.4 (3.4–3.6)a 3.4 (3.4–6.7)a 4.8 (3.4–18.0)Bb < 0.001
  p values 0.656 0.837 < 0.001

 Ferritin
  Baseline 47 (31–72)a 52 (10–117)a 281 (176–558)b < 0.001
  3 months 46 (29–89)a 51 (9–102)a 271 (168–607)b < 0.001
  p values 0.779 0.618 0.421
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comparing periodontal therapy with no active intervention/
usual care a mean HbA1c was 0.29% lower (95% confidence 
interval (CI) 0.48–0.10% lower) 3–4 months post-treatment. 
The Cochrane review did, however, state that there does not 
appear to be a notable difference between different peri-
odontal treatments [29]. Similarly, our study showed that 
there were no significant changes in HgbA1c levels after 
periodontal treatment in all groups. Although HbA1c may 
be influenced by periodontal treatment, it was not the only 
effective factor. Diet habits and treatment compliance are the 
most relevant factors on glycaemic control.

We have shown that periodontal therapy can reduce 
HOMA-IR score in obese patients in our previous study [30]. 
Moreover, Sun et al. [31] reported that periodontal therapy 
leads to decrease of HOMA-IR levels in diabetic patients. 
They concluded that periodontal intervention can improve 
glycaemic control, lipid profile, and insülin resistance [28]. 
In the present study, we observed 16% reduction of HOMA-
IR score levels which could not reach statistically significant 
in diabetic patient without CKD. Sun et al. revealed that 
a 22.3% reduction of HOMA-IR in their diabetic cohort. 
This result may be originated from the sample size differ-
ences between two studies. Sun et al. [31] included a 82 
diabetic patients to their study however we enrolled 20 dia-
betic patients to our study. Otherwise, we found significant 
reduction of HOMA-IR levels in patients with CAPD with 
diabetic nephropathy. Although, current literature showed 
that periodontal therapy has reduced the HOMA-IR levels 
in diabetic and obese population, HOMA-IR reduction in 
CAPD group may not be originated from the periodontal 
therapy since, glucose levels were dramatically reduced in 
this group which is more relevant to HOMA-IR levels in our 
study. Otherwise, it is possible that periodontal therapy may 
reduce glucose levels. This result may be important because 
CAPD patients have CKD and treated with peritoneal dialy-
sis and which solutions contain high glucose levels. Conse-
quently, diagnosis and treatment of periodontal disease may 
play a key role in this population.

Recent studies have focused on the role of periodontal 
disease in patients with CKD due to diabetes mellitus to 
evaluate the effect of periodontal treatment on inflamma-
tory mediators. TNF-α is one of the important cytokines 
that is closely associated with inflammation and frequently 
monitored as an inflammatory bio-marker in several stud-
ies. In this study, TNF-α serum level was highest in CAPD 
patients and lowest in healthy subjects at baseline, and 
significant reduction of TNF-α levels was observed in 
all groups. However, Geisinger et al. reported opposite 
results for diabetic patients, many studies documented that 
TNF-α levels were reduced after periodontal treatment in 
diabetic patients [32]. In addition, recent meta-analysis 
support the hypothesis that periodontal therapy reduces 
serum levels of TNF- α in diabetes mellitus [33]. It has 

been well established that TNF-α levels were associated 
with severity of inflammation. Supportingly, we found 
the highest level of TNF-α in patients with CAPD which 
are more prone to inflammation. However, there were few 
studies which investigated the TNF-α levels in chronic kid-
ney disease patients with periodontitis. A study by Fang 
et al. [19] documented contrary results with us in terms of 
TNF-α levels. The opposite results may be originated from 
the difference of study protocols.

PTX-3 is a novel acute-phase protein that is a diagnostic 
and prognostic marker for inflammatory diseases addition-
ally it is structurally linked to short pentraxins, including 
hs-CRP, and is highly expressed in patients with CKD [34]. 
While hs-CRP is derived only from hepatocytes, PTX-3 
appears to be synthesized by several tissues and cells, 
including fat tissue, macrophages, and vascular endothelial 
cells [35]. To the best of our knowledge, there were only a 
few studies [36] investigating alterations in the PTX-3 level 
after 1 month of periodontal treatment. Although Mathew 
et al. [36] revealed a significant decrease of PTX-3 levels 
after 1 month of periodontal therapy, our previous study on 
obese patients showed no significant changes. In the present 
study, we did not find any significant changes in PTX-3 lev-
els throughout the study in group with healthy controls and 
diabetic patients. As many clinicians would appreciate, a 
month may be an extremely early point to evaluate the level 
of alteration of PTX-3. Additionally, this reduction should 
be interpreted with caution since involvement of the moder-
ate periodontitis patients, sample size, and involment of the 
diabetic patients with poor control may play a role on these 
results.

IL-6 is a polypeptide mediator produced by a variety 
of cell types, including T-cells, fibroblast, epithelial, and 
endothelial cells. Increased local level of IL-6 has been dem-
onstrated in many inflammatory conditions [37, 38]. High-
Sensitive C-reactive protein is an acute-phase protein which 
elevated in inflammatory conditions, was also reported [39, 
40]. Although previous studies have showed that IL-6 and 
hs-CRP levels were reduced in diabetic patients after peri-
odontal therapy, we observed that IL-6 and hs-CRP were 
not decreased after periodontal therapy in healthy controls 
and diabetic patients. In addition, there were no significant 
differences among the groups. However, Group III (diabetic 
nephropathy + periodontitis) had significantly higher IL-6 
and Hs-CRP levels. Other non-significant differences could 
be explained by the inclusion of patients with moderately 
severe periodontal problems and obesity may play as a con-
founding factor.

There were some limitations of the present study. First 
inflammatory parameters were analyzed in serum and not in 
gingival crevicular fluid. Second, our study population was 
generally moderate periodontitis. Third, our study popula-
tion consisted of some obese patients.
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Within the limits of this prospective study, we concluded 
that clinical periodontal response to full-mouth SRP and 
full-mouth disinfection was successful and that TNF-α levels 
were significantly reduced in all groups and other inflamma-
tory parameters (IL-6, Hs-CRP, and PTX-3) were signifi-
cantly reduced in only CAPD patients.
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