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SUMMARY - Periodontal disease is a chronic multifactorial disease the worldwide incidence of
which is higher than the incidence of caries and represents one of the leading problems in dental
medicine. It is manifested by the loss of the attachment apparatus of the tooth and leads to the loss of
teeth. Numerous studies have shown the association of periodontal disease and various chronic sys-
temic diseases such as diabetes mellitus and cardiovascular disease. It is believed that low-grade level
of chronic inflammation and release of bacterial toxins and inflammatory mediators in the blood-
stream aggravate a chronic systemic disease. The purpose of our research was to investigate the possible
association of periodontal disease and chronic kidney disease via the inflammatory cytokines path. In
this cross-sectional study, we surveyed a total of 80 subjects divided into two groups. First group in-
cluded subjects with chronic renal disease stages III and IV, and the second group included patients
with chronic renal disease stage V that were on hemodialysis. We compared periodontal status, as well
as serum levels of different cytokines, interleukin 6, interleukin 17A and tumor necrosis factor o be-
tween the two groups. The results showed no significant between-group differences in periodontal
status, but interleukin 6 levels were significantly higher in the hemodialysis group of patients and were
also associated with a poorer periodontal status.

Key words: Periodontal disease; Chronic kidney disease; Hemodialysis; Inﬂammation; Cytokinex

Introduction

Periodontal disease (PD) can be defined as a chron-
ic, multifactorial, low-grade inflammatory condition'.
It causes loss of supporting tissues of the tooth and is
associated with numerous bacterial species that thrive
in the oral biofilm on the surface of the teeth. Al-
though the causes and pathogenesis of PD is an attrac-
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tive topic and has been thoroughly investigated, an
emerging field of research is the association between
PD and different systemic disorders and conditions?.
'The most investigated connection is the one between
PD and diabetes mellitus (DM)3#, to the extent that in
some instances PD is named as the sixth major com-
plication of DM>7.

Furthermore, studies have discovered, and to some
extent confirmed, the association of PD and cardiovas-
cular disease®, chronic obstructive pulmonary disease’,
rheumatoid arthritis'®, preterm low birthweight', dif-
ferent types of cancer'? and metabolic syndrome. As-

sociation of PD and chronic kidney disease (CKD)
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has not yet been thoroughly explained, but there is
some information on the relationship®**.

Considering the fact that bacterial products and
inflammatory mediators can access the bloodstream in
patients with PD, their immune response is under a
constant microbial burden. It has been shown that the
chronic low-grade inflammatory condition is one of
the main links between PD and systemic diseases and
conditions™®.

To help comprehend the possible impact of PD on
general health, biomarkers in the serum of individuals
with various chronic systemic diseases were investi-
gated. Inflammatory biomarkers such as C-reactive
protein (CRP) and different types of cytokines have
been shown to have higher serum levels in subjects
with PD compared to healthy individuals. Similar re-
sults were shown for numerous chronic systemic dis-
eases and PD'"15.

Chronic kidney disease is a severe and irreversible
condition that causes destruction of nephrons and loss
of normal renal function. The most frequent etiology
of CKD includes diabetes mellitus, hypertension,
polycystic kidney disease and glomerulonephritis. In
terminal stage of CKD, patients need hemodialysis or
kidney transplantation. It should be noted that almost
all of these patients have a great number of severe sys-
temic comorbidities.

It has been already reported that almost 60% of pa-
tients with CKD have moderate to severe PD¥. PD is
also associated with malnutrition. Malnutrition and
inflammation are predicting factors for morbidity and
mortality in CKD. There are theories suggesting that
advanced PD can aggravate CKD due to the increased
inflammatory response.

'The purpose of our study was to investigate the as-
sociation of PD and different stages of CKD together
with the levels of inflammatory biomarkers such as

CRP and some types of cytokines in the bloodstream.

Subjects and Methods

The study design and protocol were accepted and
confirmed by the hospital Ethics Committee. Each
patient provided his/her written informed consent for
voluntary participation in the study. All patients were
regular patients from Department of Nephrology and
Dialysis, Osijek University Hospital Centre, Osijek,

Croatia.
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A total of 80 patients with CKD aged over 18, both
male and female, were enrolled in this cross-sectional
cohort study and divided into two groups according to
the CKD stage. The first group comprised 40 patients
with CKD stage V that had been treated with hemo-
dialysis for at least three months (HD group). The sec-
ond group comprised 40 patients with CKD stages I11
and IV (control group).

'The stage of CKD was calculated with the Modifi-
cation of Diet in Renal Disease Study (MDRD) equa-
tion that estimates glomerular filtration rate based on
creatinine and patient characteristics.

Medical history and documentation provided data
on CKD, cause of CKD, duration of disease, duration
of hemodialysis, comorbidities, body mass, height,
body mass index (BMI) and history of smoking.

All patients underwent clinical periodontal exami-
nation. We measured plaque and bleeding scores,
probing depth and gingival recession (GR). Labora-
tory data were also collected, including CRP. We also
collected blood samples for interleukin 6 (IL-6), inter-
leukin 17A (IL-17A) and tumor necrosis factor a
(TNF-a) that were analyzed at the Department of
Clinical Laboratory Diagnostics. All laboratory data
on patients treated with hemodialysis were collected
before and after dialysis.

All patients with acute progressive glomerulone-
phritis and other chronic diseases that are treated with
corticosteroid and immunosuppressive therapy were
excluded from the study. We also excluded patients
with malignant diseases that were on some sort of on-
cology treatment and patients with acute infections.
All edentulous patients were also excluded from the
study.

Clinical periodontal examination

Clinical periodontal examination included the fol-
lowing variables: probing depth, GR, Approximal
Plaque Index (API) and Papillary Bleeding Index
(PBI). Probing depth was measured at six sites of all
present teeth by a calibrated periodontal probe (DB
768, Aesculap, Tuttlingen, Germany). All measure-
ments were performed by a single researcher.

Laboratory analysis

Three biomarkers were assessed in serum. IL-6 (Hu-

man IL-6 ELISA, Affymetrix, eBioscinece, USA),

Acta Clin Croat, Vol. 58, No. 4, 2019
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Table 1. Basic characteristics of patients, inflammatory parameters, cytokines and periodontal status in relation to

different stages of chronic kidney disease

CKD stages III and | CKD stage V - Difference? .
IV — control group | hemodialysis group | 95% CI P
Sex, n (%):
Men 23 (58) 21 (53) 0.65
Women 17 (43) 19 (48) )
Age (years), median (25%-75%) 64.5 (58.3-69.8) 63 (47.3-74) -1(-8to 5) 0.66"
Body mass (kg), median (25%-75%) 84 (70-101.8) 78.5 (60.2-88.5) -10 (-20 to 0) 0.05*
Body height (cm), median (25%-75%) | 166 (159.3-175.8) 166 (158.5-177.5) 0(-4to5) 0.83f
BMI (kg/m?), median (25%-75%) 28.4 (24-37.3) 26.3 (22.1-31) -3.7 (-6.8 t0 -0.8) |0.01*
Diagnosis, n (%):
Polycystic kidney 8 (20) 4(10) 0.21
Nephritic syndrome 1(2.5) 16 (40) <0.001
Diabetic nephropathy 9 (22.5) 8 (20) 0.79
Chronic glomerulonephritis 10 (25) 0 0.001
Endemic nephropathy 1(2.5) 0 0.31
Smoking, n (%) 9 (22.5) 13 (32.5) 0.32
CRP (mg/L), median (25%-75%) 355 (1.65-6.35) 4.6 (2.78-11.85)  |1.6(-02t03.9) |0.08'
Cytokines, median (25%-75%):
Before HD | IL-6 (pg/mL) 1.6 (1-3.1) 3.8 (1.4-6.5) 1.6 (0.4 to0 3.1) 0.004"
IL-17A (pg/mL) 0.9 (0.6-1.8) 1.1 (0.6-2.8) 0.2(-0.2t0 0.8) 0.29%
TNF-a (pg/mL) 0(0-0.2) 0 (0-0) 0(0to0) 0.56f
After HD | IL-6 (pg/mL) - 3.7(1.5-5.2) - -
IL-17A (pg/mL) - 1.3 (0.8-2.3) - -
TNF-a (pg/mL) - 0 (0-0) - -
Periodontal status, median (25%-75%):
Teeth number 20.5 (14.3-23.8) 18.5 (6.3-26.3) -2(-7to 1) 0.21*
API (%) 60 (38.5-81.8) 75 (45-100) 9.5(-1.8t021.8) |0.14"
PBI (%) 1.6 (0.8-2.2) 1.4 (1-2) -0.1 (-0.5 t0 0.3) 0.621
Probing depth (mm) 1.9 (1.8-2.4) 2(2-2) -0.02 (-0.2t0 0.2) |0.88t
Number of teeth with GR 7 (5-10) 3 (1-6) -4 (-5 to -2) <0.001*
Number of tooth surface with GR 10 (6-16) 5(1-13) -5(-8do-1) 0.008"
GR (mm) 2.1(1.7-2.5) 2(1-3) 0.1(-0.7d00.2) |036'

*x?-test; TMann Whitney U test; $Hodges-Lehmann median difference; 95% CI = 95% confidence interval; CKD = chronic kidney disease;
BMI = body mass index; CRP = C-reactive protein; HD = hemodialysis; GR = gingival recession; IL-6 = interleukin 6; IL-17A = interleu-
kin 17A; TNF-a = tumor necrosis factor a; API = Approximate Plaque Index; PBI = Papillary Bleeding Index

TNF-o (Human TNF alpha ELISA, Affymetrix, eBio-

scinece, USA) and IL-17A (Human IL-17A ELISA,

Affymetrix, eBioscinece, USA) assays were performed

according to the manufacturer’s instructions. The limit
of detection was 1 pg/mL. Laboratory analysis was con-
ducted at the Department of Clinical Laboratory Diag-
nostics, Osijek University Hospital Centre.

Acta Clin Croat, Vol. 58, No. 4, 2019

Statistical analysis

Category data were represented by absolute and
relative frequencies. Variations of category variables
were tested by y>-test. Numerical data were described
by median and limits of the interquartile range. The
normality of distribution of the observed numerical
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Table 2. Association of cytokine and CRP serum levels with periodontal status

Spearman’s coeflicient of correlation Rho (p value)
ntrol group:

S‘I’q; :tagg o and V) CRP IL-6 IL-17A TNF-a
Number of teeth -0.081 (0.62) -0.061 (0.71)  |0.079 (0.63) 0.147 (0.37)
API (%) 0.167 (0.31) 0.506 (0.001)  |0.030 (0.86) 0.031 (0.85)
PBI (%) 0.099 (0.55) 0.073 (0.66) 0.070 (0.67) -0.156 (0.34)
Probing depth (mm) 0.192 (0.24) 0.198 (0.23) 0.202 (0.22) -0.011 (0.95)
Number of teeth with GR -0.014 (0.93) -0.006 (0.97) 0.063 (0.71) -0.015 (0.93)
Number of tooth surface with GR -0.013 (0.94)  |0.106 (0.52) 0.006 (0.97) -0.071 (0.67)
GR (mm) -0.304 (0.06) | -0.143 (0.39) |-0.061 (0.71) |-0.224 (0.17)

Igggz:; V (before HD) CRP TL-6 TL-17A TNF «
Number of teeth 10.264(0.10) |-0.208 (0.20) | 0.120 (0.46)  |0.125 (0.44)
API (%) 0.072(0.67) | 0.255(0.13)  |0.278(0.09)  |0.241 (0.15)
PBI (%) -0.185(0.27) |-0.106 (0.53) |0.134(0.43) | 0.070 (0.68)
Probing depth (mm) -0.061 (0.72)  |0.311 (0.06) 0.229 (0.17) 0.144 (0.40)
Number of teeth with GR -0.012 (0.95) |0.181(0.28)  |-0.102(0.55) |-0.029 (0.87)
Number of tooth surface with GR 0.079 (0.64) 0.264 (0.11) -0.190 (0.26)  |-0.061 (0.72)
GR (mm) -0.005 (0.98) |0.156 (0.36)  |-0.271(0.11) |-0.076 (0.66)

Ic{11<)1)grs(t):§é V (after D) CRP 1L-6 IL-17A TNF o
Number of teeth -0.112 (0.49) 0.165 (0.31) 0.087 (0.59)
API (%) 0.183(0.28)  |0.212(0.21)  |0.217 (0.20)
PBI (%) -0.100 (0.56) | 0.235 (0.16) | 0.004 (0.98)
Probing depth (mm) 0.366 (0.03) 0.284 (0.09) 0.195 (0.25)
Number of teeth with GR 0.270 (0.11) -0.066 (0.70)  |0.038 (0.82)
Number of tooth surface with GR 0.302 (0.07) -0.174 (0.30)  0.017 (0.92)
GR (mm) 0.189 (0.26)  |-0.261(0.12) |-0.092 (0.59)

CKD = chronic kidney disease; IL-6 = interleukin 6; IL-17A = interleukin 17A; TNF-a = tumor necrosis factor a; API = Approximal

Plaque Index; PBI = Papillary Bleeding Index; CRP = C-reactive protein; GR = gingival recession; HD = hemodialysis

Results

variables was tested by the Shapiro-Wilk test. Differ-
ences in numerical variables between the two indepen-
dent groups were tested by Mann-Whitney test (with
Hodges-Lehmann median difference and 95% confi-
dence interval (95% CI)). The correlation between vari-
ables was assessed by Spearman’s correlation coefhi-
cient p (Rho). All p values were two-sided. The level of
significance was set at alpha=0.05. Statistical analysis
was performed by use of MedCalc Statistical Software
version 18.11.3 (MedCalc Software bvba, Ostend,
Belgium; https://www.medcalc.org; 2019).
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The study was performed on 80 subjects, 44 (55%)
men and 36 (45%) women. The mean (median) age of
the subjects was 64 years, with the interquartile range
from 54 to 71 years. In the group of subjects with
CKD stages III and IV (control group), four (10%)
subjects were CKD stage 3a, seven (17.5%) CKD stage
3b and 29 (72.5%) CKD stage 4 (Table 1).

There was no significant difference between the
groups according to body mass and height, whereas
BMI was significantly higher in control group (Mann

Acta Clin Croat, Vol. 58, No. 4, 2019
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Whitney U test, p=0.01). The most common causes of
CKD in both groups were diabetic nephropathy and
polycystic kidney disease, whereas nephritic syndro-
me was significantly more frequent in control group
(*-test, p<0.001). Considering risk factors for PD,
there were 22 (27.5%) smokers in both groups. There
were no statistically significant differences in CRP
(mg/L) levels between the groups (Table 1).

The levels of IL-6 (pg/mL) prior to dialysis were
significantly higher in the hemodialysis group com-
pared to control group (Hodges-Lehmann difference,
1.6 pg/mL, 95% CI -0.2 pg/mL to 3.9 pg/mL; Mann
Whitney U test, p=0.004), whereas the levels of other
two cytokines showed no statistically significant be-
tween-group differences (Table 1).

Considering periodontal status, there were no sta-
tistically significant differences in the number of re-
tained teeth, API, PBI, probing depth and GR be-
tween the groups, whereas the number of teeth with
GR was significantly lower in hemodialysis group
(Hodges-Lehmann difference -4, 95% CI -5 to -2;
Mann Whitney U test, p<0.001). The number of tooth
surfaces with GR was also significantly lower in he-
modialysis patients as compared with control group
(Hodges-Lehmann difference -5, 95% CI -8 to -1;
Mann Whitney U test, p=0.008) (Table 1).

Spearman’s coefficient of correlation evaluated the
association of CRP and cytokine levels with PD be-
tween the groups. Control group patients that had
higher serum levels of IL-6 had higher API and wvice
versa (Spearman’s correlation coefficient Rho=0.506;
p=0.001). In the hemodialysis group of patients with
chronic renal disease (stage V), there was no signifi-
cant association between CRP and cytokine serum
levels with periodontal status. In the same group of
patients, higher serum levels of IL-6 after dialysis were
associated with higher probing depth and wvice versa

(Spearman’s  correlation Rho=0.366;
p=0.03) (Table 2).

coefficient

Discussion

Periodontal disease is a significant problem in den-
tal medicine because of its high prevalence, especially
in older population®**!. Theories on additional inflam-
matory burden that occurs due to PD in patients with
chronic systemic diseases have recently been gaining
interest®.

Acta Clin Croat, Vol. 58, No. 4, 2019

Trying to improve the quality of life in individuals
with chronic diseases, it is important to think of peri-
odontal status and oral health. Earlier studies suggest
that chronic diseases and PD affect one another in a
way that worsening of one disease means worsening of
the other. CKD is a condition that significantly reduc-
es the quality of life of patients, especially in terminal
stage when patients end up on hemodialysis®**.

With progression of CKD, there are additional risk
factors for worsening of PD because of the endocrino-
logic disorder, as well as bone metabolism disorder
that cannot be replaced by substitution therapy for
CKD?. Comorbidities such as DM significantly con-
tribute to worsening of PD?.

Earlier studies have also demonstrated the correla-
tion of CRP levels, as well as of elevated levels of high-
density lipoprotein-cholesterol (HDL-C) and de-
creased low-density lipoprotein-cholesterol (LDL-C)
levels with PD severity?”?%. However, it is difficult to
accurately estimate the effects of particular comorbidi-
ties and life habits such as smoking and oral hygiene
on worsening of PD#*, Interleukins are considered to
be biomarkers the levels of which increase in various
inflammatory conditions.

The results of our research did not show significant
difference in periodontal status between the two
groups. There are probably several reasons for this, one
of them being the fact that the control group com-
prised subjects with only one to two grades of milder
CKD, and this difference may not be sufficient to af-
tect periodontal status significantly®’.

‘There was no difference in inflammatory cytokine
levels in the HD group of patients before and after
hemodialysis.

Of all serum cytokine levels tested, only IL-6 had a
statistically significantly higher level in the HD group
of patients. IL-17A and TNF-a levels did not show
increase in the higher grade of CKD?*.

However, even the elevated levels of 1L-6 indicate
that inflammatory burden can increase with the grade
of renal impairment. Particularly encouraging for fu-
ture researches are our results associating elevated lev-
els of IL-6 with worse periodontal status in the same
group of subjects.

Based on these results, we can conclude that it is
very important for patients with chronic renal failure,
especially those on hemodialysis and maybe waiting
for kidney transplantation, to improve their oral hy-
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giene and visit their dentist more frequently in order to

pre

vent possible further deterioration of periodontal

status and possibly their general condition.
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Sazetak

PARODONTNA BOLEST U RAZLICITIM STADIJIMA KRONICNE BUBREZNE BOLESTTI
V. Kopic, J. Barbic, S. Petrovic, L Sahinovic, D. Mihaljevic, A. Kopici A. Bosnjak

Parodontna bolest kroni¢na je multifaktorska bolest ugestalost koje prema novijim podacima premasuje ucestalost kari-
jesa i kao takva predstavlja jedan od vodeéih problema u dentalnoj medicini. Uzrokuje gubitak potpornog tkiva zuba i na
kraju samog zuba. Brojna istrazivanja dokazala su povezanost parodontne bolesti i razli¢itih kroni¢nih sistemskih bolesti, npr.
dijabetesa i kardiovaskularne bolesti. Smatra se da niska razina kroni¢ne upale, otpustanje bakterijskih toksina i aktivacija
proupalnih medijatora u krvi uzrokuju pogoranje kroni¢ne sistemske bolesti. Svrha nasega istraZivanja bila je istraziti
mogucu povezanost parodontne bolesti, upalnih citokina i kroni¢ne bubrezne bolesti. U ovo presjecno istrazivanje ukljucili
smo ukupno 80 ispitanika podijeljenih u dvije skupine. U prvu skupinu ukljuéili smo ispitanike s kroni¢nom bubreznom
bolescu III. i IV. stadija, a u drugu ispitanike s kroni¢nom bubreznom boleséu V. stadija koji su na hemodijalizi. Usporedili
smo parodontni status medu skupinama ispitanika, kao i serumske vrijednosti interleukina 6 (IL-6), interleukina 17A i fak-
tora tumorske nekroze . Rezultati su pokazali da nema znacajnije razlike u parodontnom statusu medu skupinama ispitani-
ka, ali su vrijednosti IL-6 bile znacajno vece u skupini ispitanika na hemodijalizi te su takoder bile povezane s losijim paro-
dontnim statusom kod ove skupine bolesnika.

Kljuéne rije¢i: Parodontna bolest; Kronicna bubrezna bolest; Hemodijaliza; Upala; Citokini
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