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Abstract

undergone statistical analysis.

between clinical parameters and serum creatinine level.

Background: There is a general assumption that periodontal disease is highly prevalent among patients with chronic
renal failure undergoing hemodialysis. The aim of the study to estimate the frequency of periodontitis in patients

on hemodialysis among a sample of the Egyptian population, as well as the correlation between different clinical
parameters of periodontal status with serum creatinine and blood urea. This may rule out the bidirectional relation-
ship between periodontitis and renal failure in patients on hemodialysis.

Methods: The study was conducted on 263 hemodialysis patients (165 males and 98 females) at three dialysis cent-
ers in Benha Governorate, Egypt (Benha Hospital, Tukh hospital, Qalyub hospital). Periodontal parameters including
plaque index (PI), gingival index (Gl), clinical attachment level (CAL), and probing pocket depth (PPD) had been
recorded in these patients. Serum urea and creatinine levels had been measured, the data had been collected and

Results: Frequency of periodontitis was 85.6% with stage Il is the most prevalent stage. There was a significant posi-
tive strong correlation between age and periodontitis stage (r,=0.707, p <0.001). There was a positive correlation

Conclusion: In the present study, a high frequency of periodontitis had been found among ESRD patients on hemo-
dialysis in the severe form (stage Ill) periodontitis. There was a significant direct correlation between the severity of
periodontitis and CAL with a duration of hemodialysis. There was a weak insignificant association between periodon-
tal indices (PD, BOP, and plaque score) and duration of hemodialysis.
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Introduction

Chronic kidney disease (CKD) is a progressive loss of
kidney function and structural damage caused by a vari-
ety of factors. The glomerular filtration rate (GFR) (total
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amount of fluid filtered through all functioning nephrons
per unit of time), has been used to determine the overall
kidney function and diagnosis of CKD [1].

According to current international recommendations,
the patient considered having CKD if a GFR of less than
60 ml/min per 1.73 m? with signs of renal damage that
last for at least three months [2]. CKD is the fourteenth
largest cause of death, accounting for 12.2 fatalities per
100,000 people in 2012. The World Health Organization
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estimated that 864,226 fatalities had been affected by this
ailment in 2012 [3].

People whose GFR falls below 15 ml/min per 1.73 m?
develop end-stage renal disease (ESRD). Renal function
has deteriorated to the point where it can no longer sus-
tain life over the long term, necessitating the introduc-
tion of renal replacement therapy (RRT) either dialysis
or renal transplant but if the GFR is around 5-10% with
a high level of uremia, then this condition requires renal
dialysis [4].

Between the ages of 20 and 40, the first and most sub-
stantial peaks of ESRD occur and are frequently the
result of CKD of unknown etiology (73%). The second
peak occurs between the ages of 50 and 70, and CKD
is frequently caused by diabetes and systemic arterial
hypertension (59.6%). The patients’ ages ranged from 20
to 30 years old (n 14 112), with focal segmental glomer-
ulosclerosis (FSGS) being the most common diagnosis
(54%) [5].

In Egypt, the statistics that had been calculated in
(2014), found that the prevalence rate of ESRD was 366
pmp in the governorate of Assiut in upper Egypt [6].
The prevalence of ESRD had been reported to be 330
pmp in a cross-sectional study conducted on both sexes
in Menoufia, another Egyptian governorate with a pop-
ulation of 2.2 million [7]. In the Sharkia governorate of
Egypt, the cumulative prevalence of ESRD patients on
maintenance hemodialysis was 442 per million people in
2017. (0.0442%). Between the ages of 50 and 59, the larg-
est proportion of patients with ESRD was (30.8%). The
majority of ESRD patients were from rural areas (60.4%)
[8].

ESRD and the medications used by those patients cre-
ate complications in a variety of systems and organs,
which frequently worsens or causes new pathologies
in the oral cavity, such as caries, periodontal disease,
mucosal lesions, and decreased saliva output [9, 10].

The emergence of a chronic systemic inflammatory
disease in people with ESRD is a common occurrence.
The reasons of this inflammation are most likely multi-
faceted and complex. A number of illnesses and comor-
bidities have been identified as potential influencers of an
increase in the inflammatory state [11, 12].

The accelerated periodontal disease with pocket forma-
tion, gingival recession, and bone and tooth loss is due
not only to inadequate oral hygiene and inflammatory
disease burden but also to renal osteodystrophy, high
urea concentration, salivary changes in composition and
the host factors related to the underlying systemic dis-
ease that modify the host response to periodontal infec-
tion [13, 14].

Periodontal disease is a chronic inflammatory con-
dition that affects the tooth-supporting structures,
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resulting in clinical attachment loss due to an imbalance
between the host response and the dental biofilm (bacte-
rial plaque) [15].

Periodontal disease is caused by immunological and
inflammatory mechanisms that induce a dysregulation
in the host response due to periodontal bacteria super-
infection [16]. In addition, CP has been linked to elevate
levels of inflammatory biomarkers such interleukin 6,
prostaglandin, and C-reactive protein (CRP) [17] in the
blood. Endogenous inhibitor of nitric oxide (NO) metab-
olism and subsequent endothelium-dependent vasodila-
tion has been discovered in asymmetric dimethylarginine
(ADMA) [18]. ADMA has been demonstrated to operate
as a competitive inhibitor of NO synthase, and elevated
serum ADMA levels have been linked to a variety of met-
abolic diseases, including periodontitis [19].

According to Curro et al. [20], both TG2 and plasma
EXIIIA preserve the expression levels seen in normal tis-
sue among the TGs found in periodontal tissues. TG1
and TG3 isoforms are significantly downregulated in per-
iodontal disease.

As a result, Smith et al. [21], concluded that alterations
in TG expression could be linked to increased MMP
expression, which is likely due to active inflammation in
gingival epithelial cells throughout periodontal disease.

Severe periodontal disease was the 11th most com-
mon disease worldwide, according to the Global Burden
of Disease Study (2016) [22]. Periodontal disease has
been found to affect anywhere from 20 to 50% of people
worldwide [23]. It’s one of the most common causes of
tooth loss, and it can affect mastication, appearance, self-
esteem, and quality of life [24].

In 2016, periodontal diseases were responsible for 3.5
million years lived with disability (YLD) globally [22].
The global prevalence of periodontal disease is predicted
to rise in the coming years as the world’s population
ages and patients desire to keep their natural teeth [24].
Hemodialysis patients have been found to have severe
periodontal disease [25]. Periodontitis itself causes sys-
temic inflammation and has been linked to poor hemodi-
alysis outcomes [26].

To our knowledge, there were no published reports
about the prevalence of periodontitis in patients with
ESRD among the Egyptian population according to the
new classification of periodontal and peri-implant dis-
eases (2017). Consequently, the purpose of this study was
to determine the prevalence and severity of periodonti-
tis in Egyptian patients with ESRS who were undergoing
hemodialysis, as well as the correlation between differ-
ent clinical parameters of periodontal status with serum
creatinine and blood urea. This may rule out the bidirec-
tional relationship between periodontitis and renal fail-
ure in patients on hemodialysis.
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Subjects and methods

Study design

This multicenter-clinical-cross-sectional study had been
conducted on 263 patients at three dialysis centers in
Benha Governorate, Egypt (Benha Hospital, Tukh hospi-
tal, Qalyub hospital) by using direct interview, dental and
periodontal examination of ESRD patients, in addition to
using medical records for medical data collections.

The proposal had been reviewed and approved by the
Faculty of Dentistry, Ain Shams University Research Eth-
ics Committee (FDASU-REC) with the final registration
number: FDASU-REC MO091810. Individual patient’s
data had been kept confidential. The procedure was fully
explained to the patients and all the recruited patients
signed informed consent.

Sample size calculation

Based on the prevalence of end-stage renal disease in
Egypt to be 366 per million according to El Arbagy
et al. [6] and considering the population of Egypt to be
90,000,000. According to Abbas et al. [27], the preva-
lence of stage II, I1I, and IV periodontal disease amongst
Egyptians had been estimated as 15.2%, 4.4%, and 2.05%
respectively, giving a total of 21,65%. Total sample size
had been calculated to be 263 ESRD patients with a sig-
nificance level (a error) set at 5%, power (1 —p error) at
90% for two-sided hypothesis test [28].

Patient selection

Patients recruitment

The target sample had been reached through consecutive
sampling of ESRD patients who visited the hemodialysis
centers over a period of 3 months from March till May
2021 of the available numbers.

Inclusion criteria included both genders with an age
range from 20 to 70 years according to El Arbagy et al.
[6]; cases clinically diagnosed as having end-stage renal
disease stages; all patients had been on hemodialysis for
a minimum of 6 months and maximum of 2 years; fre-
quency of dialysis was twice a week and duration of 3 h
per session.

Exclusion criteria included patients with acute renal
failure; patients with CKD under conservative treat-
ment; patients with a history of any serious illness as
malignancy or who undergo kidney transplant; patients
who had periodontal therapy in the previous six months;
smokers [29], as known that smoking is an important risk
factor for periodontal disease [30], so we exclude them
to minimize the confounders in our studied sample of
ESRD; patients who refused to participate in the study.

Patients’ data included patient’s age, sex, duration
of hemodialysis and any systemic disease other than
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end-stage renal disease. Medical records included
updated serum creatinine and blood urea level.

Clinical periodontal examination

Two calibrated examiners (AA and EA) performed a full
mouth periodontal examination and periodontal charts
in addition to radiological examination for all the par-
ticipants to determine the periodontal status and peri-
odontitis stage according to the new classification of
periodontal and peri-implant diseases (2017) as: Peri-
odontally healthy individuals are those who don’t have a
loss of clinical attachment (due to periodontal disease),
pocket depth less than or equal to three mm, and the
scores of bleeding on probing in the whole mouth less
than 10%; gingivitis patients are those with no loss of
clinical attachment (due to periodontal disease), pocket
depth less than or equal to three mm, and the scores of
bleeding on probing in the whole mouth is more than
10% [31].

Patients with periodontitis had at least two non-adja-
cent teeth. Stage I periodontitis had 1-2 mm interden-
tal CAL with radiographic bone loss affecting less than
15% of root length and no teeth lost due to periodontitis.
Stage II periodontitis had 3—4 mm interdental CAL with
radiographic bone loss affecting 15-33% of root length
and no teeth lost due to periodontitis. Stage III and IV
periodontitis had >5 mm interdental CAL with radio-
graphic bone extending to middle or apical third of the
root. In stage III periodontitis, a number of teeth lost due
to periodontitis <4 whereas in stage IV they are >5 teeth
[32].

Plaque index (PI) [33] and gingival index (GI) [34] had
been estimated to assess the periodontal and oral hygiene
status of each participant in the study. The PI had been
calculated by dividing the number of plaque-containing
surfaces by the total number of available surfaces. The
surfaces that did not show soft plaque accumulations at
the dentogingival junction had not been included in the
study.

With a periodontal probe, PD and CAL were measured
on six locations of the teeth (mesio-buccal/facial, mid-
buccal/facial, disto-buccal/facial, mesio-lingual/palatinal,
mid-lingual/palatinal, disto-lingual/palatinal) excluding
third molar.

Loss of clinical attachment generally is measured as
the distance from the CEJ to the depth of pocket. When
probing depth (distance from free gingival margin to the
base of sulcus/pocket) was equal to the gingival mar-
gin (distance from free gingival margin to the CEJ) this
means that there is no loss of clinical attachment and
attachment epithelium is still attached to the CEJ. In
other words, if during measuring the pocket depth the
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probe didn’t pass beyond the CEJ and stopped above this
point, this means no loss of clinical attachment.

Tooth loss due to periodontitis was addressed through
history taking from the patient. Patients provided history
of sound teeth with great mobility that caused discomfort
and difficulty of eating and mastication.

The proportion of bleeding sites 10 s after being stimu-
lated by a standardized manual probe with a controlled
force to the bottom of the sulcus/pocket at six locations
(mesio-buccal, buccal, disto-buccal, mesio-lingual, lin-
gual, disto-lingual) on all present teeth was assessed
dichotomously as a BOP score on all present teeth.

Case definition of gingivitis according to Trombelli
etal. [31] is:

Probing depth <3 mm

BOP score >10%, <30% if localized and >30% if
generalized

Absence of clinical attachment loss

Absence of radiographic bone loss

Statistical analysis

Numerical data were presented as mean and standard
deviation values. Categorical data were presented as
frequencies (n) and percentages (%) and were analyzed
using Fisher’s exact test. Numerical correlations were
analyzed using Spearman’s correlation coefficient. The
significance level was set at p <0.05 for all tests. Statisti-
cal analysis was performed with R statistical analysis soft-
ware version 4.1.1 for Windows.!

Regression models

Two separate linear regression models were built to eval-
uate the effect of each of the studied periodontal param-
eters (as the independent variable) on blood urea level,
serum creatinine, sex, age and duration of hemodialysis
(as the dependent variable). The deviance goodness-
of-fit test indicated that the model was a good fit to the
observed data, x*(7) =164.80, p=1 and the final model
statistically significantly predicted the dependent variable
over and above the intercept-only model, x*(7) =317.01,
p<0.001.

Results

Demographic data

This cross-sectional study was conducted on 263 patients
with end-stage renal disease on hemodialysis with a mean

! R Core Team (2021). R: A language and environment for statistical comput-
ing. R Foundation for Statistical Computing, Vienna, Austria. https://www.R-
project.org/.
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Fig. 1 Pie chart showing prevalence of different stages of
periodontitis in ESRD

age of (48.121+9.80) years. 62.7% (165) the patients were
males and 37.3% (98) were females with p value <0.001.

Frequency of periodontitis in ESRD

From the total sample of patients comprising 263
patients, the prevalence of periodontitis was 85.6% (225)
patients with 14.4% (38) only had gingivitis.

Frequency and percentage of periodontitis stages
in ESRD were shown in Fig. 1. Stage (III) was the most
prevalent stage of periodontitis with 41.8% (94) followed
by a stage (IV) 35.1% (79) with no significant difference
between them, while the least prevalent stage was stage
(I) 23.1% (52) being significantly lower than stages III
and IV as in Fig. 1.

Periodontitis and medical conditions

The most prevalent medical condition in periodontitis
patients with ESRD undergoing hemodialysis was hyper-
tension with 50.1% (191) patients, followed by 21.5% (82)
diabetic patients, 16.5% (63) patients with virus C infec-
tion, 5.5% (21) patients with secondary hyperparathy-
roidism, 3.9% (15) patients with idiopathic renal disease
and 2.4% (9) patients with cardiac conditions.

The prevalence of medical conditions in each stage of
periodontitis was presented in Table 1. In hypertensive
patients, 23.4% of patients had stage II periodontitis,
39.8% had stage III periodontitis and 36.8% of patients
had stage IV periodontitis. In patients with second-
ary hyperparathyroidism, 40.0% of patients had stage II
periodontitis, 6.7% had stage III periodontitis and 53.3%
of patients had stage IV periodontitis. In patients with
Virus C infection, 21.3% of patients had stage II peri-
odontitis, 34.4% had stage III periodontitis and 44.3% of
patients had stage IV periodontitis. In diabetic patients,
10.7% of patients had stage II periodontitis, 57.3% had
stage III periodontitis and 32% of patients had stage IV
periodontitis.
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Table 1 Descriptive data of ESRD patients with different stages of periodontitis
Parameter Total sample Periodontitis stage p value
Mean +SD Stage (1) Stage (lll) Stage (IV)
Age 48.124(9.80) 0.707 <0.001*
Sex Male N% 30 57 53 0.509
21.4% 40.7% 37.9%
Female N% 22 37 26
25.9% 43.5% 30.6%
Medical condition
Hypertension N% 40 68 63
23.4% 39.8% 36.8%
Secondary hyperparathyroidism N% 6 1 8
40.0% 6.7% 53.3%
Virus C N% 13 21 27
21.3% 34.4% 44.3%
Diabetes mellitus N% 8 43 24
10.7% 57.3% 32.0%
Clinical parameters
Mean probing depth (mm) 4504074
Mean CAL (mm) 6.30+2.06
Plaque % 24.74 £9.66
BOP% 48.66+13.65
Number of teeth 351+3.03
% of sites with CAL>4 mm 33.794+£22.26
% of sites with PD>3 mm 28.15+20.00
Biochemical analysis
Duration of hemodialysis 16.01 £ 641 0.008*
Blood urea (mg/dl) 1341543344
Serum creatinine (mg/dl) 4544125

Correlation between different variables
The descriptive data of ESRD patients with different
stages of periodontitis were presented in Table 1. There
was no significant association between sex and stages
of periodontitis (p =0.509) (Table 1).

There was a significant positive strong correla-
tion between age and periodontitis stage (ry=0.707,
p<0.001). The most advanced stage of periodontitis,
which is stage IV, was more prevalent among patients
of older ages and vice versa (Table 1).

There was a significant positive weak correlation
between the age of the patients and the duration of
hemodialysis (r;=0.177, p=0.008). Older age patients
have undergone hemodialysis for durations longer than
young age patients. In the conclusion, there was a sig-
nificant positive weak correlation between duration
of hemodialysis and stage of periodontitis (r,=0.156,
p=0.013). The increase duration of hemodialysis is
directly correlated with an increase in the severity of
periodontitis (Table 1).

Table 2 Correlation between different periodontal clinical

parameters and blood urea and serum creatinine level

Parameter Correlation coefficient p value
(rg)

Mean probing depth (mm)

Blood urea (mg/dl) 0.089 0.182

Serum creatinine (mg/dl) 0217 0.001*

Plaque %

Blood urea (mg/dl) 0.178 0.001*

Serum creatinine (mg/dl) 0.018 0.786 ns

BOP %

Blood urea (mg/dl) 0324 <0.001*

Serum creatinine (mg/dl) 0.045 0.504

Mean CAL (mm)

Blood urea (mg/dl) 0.290 <0.001*

Serum creatinine (mg/dl) 0.450 <0.001*

" Significant (p < 0.05); ns; non-significant (p > 0.05)
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Correlation between different periodontal clinical
parameters and Blood Urea and serum creatinine level
Table 2 presents Mean =+ SD values for clinical param-
eters (PD, plaque score, BOP, and deepest CAL), blood
urea, and serum creatinine level.

Correlation between different periodontal parameters
(PD, plaque score, BOP and deepest CAL) and blood
urea as well as serum creatinine level was presented in
Table 2.

There was a significant positive correlation between
mean probing depth and serum creatinine level
(ry=0.217, p=0.001) and a non-significant positive
correlation between mean probing depth and blood
urea level (r;=0.089, p=0.182).

There was a significant positive correlation between
plaque score and blood urea level (r,=0.178, p=10.001)
and non-significant positive correlation between plaque
score and serum creatinine level (r,=0.018, p=0.786).

There was a significant positive correlation between
bleeding and probing score and blood urea level
(ry,=0.324, p<0.001) and a non-significant positive
correlation between bleeding and probing score and
serum creatinine level (r,=0.045, p=10.504).

There was a significant positive correlation between
deepest CAL and blood wurea level (r,=0.290,
p <0.001), as well as serum creatinine level (r,=0.450,
p <0.001).

Regression models analysis

An increase in age and in blood urea was associated
with significantly increasing the odds of periodontal
severity being higher with an odds ratio of 1.25(1.17-
1.34) (p<0.001) and 1.03(1.01-1.04) (p<0.001) respec-
tively. While an increase in serum creatinine level
was associated with significantly lowering the odds of
periodontal severity being higher with an odds ratio of
0.23(0.15-0.36) (p <0.001).

Models showed age to have a significant positive
effect on blood urea level (p <0.001) and males to have
a significantly higher blood urea levels than females
(p=0.013). All periodontal variables—except for prob-
ing depth- had a significant positive effect on blood
urea level (p<0.05). Results of regression models were
presented in Table 3.

Models showed age to have a significant negative effect
on serum creatinine level (p<0.001). All of periodontal
variables—except for plaque percent and BOP percent—
had a significant negative effect on serum creatinine level
(p<0.05). Results of regression models were presented in
Table 4.

Table 5 reported the descriptive data in ESRD patients
with gingivitis.
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Table 3 Linear regression model between blood urea, sex,
age and duration of hemodialysis (as dependent variable) and
different periodontal parameters (as independent variable)

Outcome Regression Beta (95% Cl) p value
coefficient for regression

coefficient

Lower Upper
Age 0.70 0.21 1.19 <0.001*
Sex —11.35 —2030 —293 0.013*
Mean probing depth (mm) 218 —378 8.14 0471 ns
Plaque % 0.59 0.14 1.04 0.010*
BOP % 0.73 043 1.04 <0.001*
Mean CAL (mm) 436 230 642 <0.001*
Number of teeth 334 1.95 4.73 <0.001*
9% of sites with CAL>4 mm 045 0.26 0.64 <0.001*
% of sites with PD >3 mm 0.49 0.28 0.70 <0.001*
Duration of hemodialysis 0.06 —0.63 0.75 0.862 ns

Cl confidence interval

Table 4 Linear regression model between serum creatinine, sex,
age and duration of hemodialysis (as dependent variable) and
different periodontal parameters (as independent variable)

Outcome Regression Beta (95% Cl) p-value
coefficient  for regression

coefficient

Lower Upper
Age —0.06 —007 —-004 <0.001*
Sex 0.09 —0.25 043 0.608 ns
Mean probing depth (mm)  —0.39 —-061 —017 <0.001*
Plaque % —0.002 —0.02 0.02 0.803 ns
BOP % —0.006 —0.02 0.01 0.356 ns
Mean CAL (mm) —0.24 —-031 —-0.16 <0.001*
Number of teeth —-022 —-026 =017 <0.001*
% of sites with CAL>4 mm —0.03 —-003 —-002 <0.001*
% of siteswithPD>3mm  —0.03 —-003 —-002 <0.001*
Duration of hemodialysis —0.01 —0.03 0.02 0.532ns

Cl confidence interval

Discussion

Periodontal disease is a chronic inflammatory disease
caused by interaction between pathogenic anaerobic bac-
teria in dental plaque biofilm and host immune-inflam-
matory reaction. Periodontal disease is characterized by
destruction in the tooth-supporting structures and alveo-
lar bone resorption [35].

Several studies have described the association
between periodontal disease and chronic kidney dis-
ease especially those on hemodialysis. Nowadays,
there is a general agreement on the high prevalence of
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Table 5 Descriptive data of ESRD patients with gingivitis
Parameter Value N N (%) Mean +SD
Sex (n=38) Male 25 65.8%
Female 13 34.2%
Age - 35.61+£4.39
Medical condition (n=44) Secondary Hyperparathyroidism 6 13.6%
Diabetes 7 15.9%
Hypertension 20 45.5%
Idiopathic renal disease 9 20.5%
Virus C 2 4.5%
Duration of hemodialysis 38 8.26+2.10
Blood urea (mg/dl) 38 97.63+1294
Serum creatinine (mg/dl) 38 404+1.22
Mean probing depth (mm) 38 1.84+0.75
Plaque % 38 13.68+5.40
BOP % 38 25504891
Mean CAL (mm) 0 0.00£0.00
Number of missing teeth 0 0.00+0.00
% of sites with CAL >4 mm 0 0.004£0.00
% of sites with PD>3 mm 8 13.26+5.14

Data are presented as N (%) or mean =+ standard deviation

periodontal disease among patients undergoing hemo-
dialysis compared to their healthy counterparts [36].

Owing to debilitation, poor immune response, and
persistent inflammation, maintenance hemodialysis
(HD) patients are more prone to infections. Owing to
the illness and infectious diseases, the inflammation,
which is also present in the mouth, can become more
severe [37].

Our results demonstrated that there was a higher
prevalence of males (62.7%) than females (37.3%)
among the participants. This fact was compatible with
earlier studies, which reported the higher prevalence
among males in CKD patients with prevalence 61%,
64%, receptively [38, 39]. Male patients show a signifi-
cantly higher prevalence of CKD and frequency rate of
ESRD than those observed in female patients [40, 41].
Furthermore, diabetic males have a higher risk of renal
failure than do diabetic females [42].

In the present study, the mean age of (48.12+9.80)
years which was in agreement with previous studies
with mean ages of (47.9+15.3) and (47.7 +4.9) years
[43].

The frequency of periodontitis among hemodialysis
patients was 85.6% (225 out of 263) patients. This was
in accordance to Kim et al. [44] who reported that more
than 99% of the renal patients on hemodialysis who had
been evaluated in their study (115 patients) had peri-
odontitis (107 patients). Similarly, Cholewa et al. [45]
found a 100% prevalence of periodontitis among 103

HD patients with only one had a healthy periodontium.
Many other previous studies among the patients with
renal failure on hemodialysis reported similar results
[46, 47].

Stage III periodontitis (severe periodontitis) was the
most prevalent form of periodontitis among our sample
with 41.8% (94 out of 263). This fact was in accordance
with another study that reported high severity of peri-
odontal disease in CKD patients on hemodialysis was
associated with higher bacterial load compared with
systemically healthy counterpart [48].

It has been suggested that increased severity and pro-
gression of periodontal disease is due to the compro-
mised immunity in patients on hemodialysis specially
the diabetic ones [49]. With poor oral hygiene status
and nonstop plaque accumulation, this week immune
system becomes unable to counteract the virulent
plaque bacteria. In addition to other factors that can
contribute to periodontal disease severity including
high salivary urea concentration, and low salivary pH
levels [50].

Furthermore, neglecting oral hygiene secondary to gin-
gival bleeding is probably due to persistent inflammation
of periodontal tissues in HD patients [51]. In conclusion,
the chronic inflammation and constant bacterial chal-
lenge combined with compromised immune responses
was accused of an extension of the inflammation from
periodontal tissues into the bloodstream, and to the sub-
sequent systemic inflammation in patients with HD [36].
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In the current study, there was a significant positive
strong correlation between age and periodontitis stage
(ry=0.707, p<0.001). The most advanced stage of peri-
odontitis, which is stage IV, was more prevalent among
patients with older ages and vice versa and this fact was
in agreement with another study [43]. The alterations in
the periodontal structure related to the patient age sup-
port that age may be a possible risk indicator for perio-
dontal disease progression [52].

Our present study showed that hypertension and dia-
betes mellitus were the most frequent medical problems
(50.1% and 21.5% respectively). Correspondingly, Segel-
nick and Weinberg [53] reported that hypertension and
diabetes mellitus were the first two common diseases in
their study on chronic renal patients.

Our results showed the frequency of periodontitis with
various degrees of severity among hypertensive patients
on hemodialysis. Previous studies had documented that
hypertensive patients showed more severe periodon-
tal conditions than do healthy one [54]. Also, it is well
known that hypertension and periodontitis share com-
mon risk factors that may explain the link including
tobacco smoking, stress, aging, and socioeconomic fac-
tors [55]. Severe periodontitis was found to be associated
with major endothelial dysfunction that is reversible after
successful periodontal therapy in hypertensive patients
[56].

Our study should 57.3% of diabetic patients had
stage III periodontitis (severe periodontitis). This was
in accordance with Schmalz et al. [57], who reported a
high prevalence of severe form periodontitis in diabetic
patients on hemodialysis. Nowadays, there is an over-
all assumption that DM is a major cause of dialysis in
patients with renal failure. That’s to say, many patients on
hemodialysis have been receiving treatment for diabetes
several years before. At the same time, diabetes has been
considered an important risk factor for severe forms of
periodontal disease [58]. Therefore, it’s logical to pre-
sume that hemodialysis patients with diabetes have more
risk of developing periodontal disease than their non-dia-
betic matching group [36].

Diabetes mellitus type 2 and periodontitis are consid-
ered chronic diseases related to routines and lifestyle
habits as well as socioeconomic factors and both have
been correlated with systemic general inflammation [59].
It is presumed that there is a bi-directional association
between periodontitis and diabetes mellitus type 2 [59].

As most of the ESRD patients on hemodialysis have
complicated medical conditions such as having hyper-
tension, diabetes, and increased hemorrhagic tenden-
cies, these could play-act as important confounders in
giving a final conclusion in the diagnosis of periodontal
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disease severity. It can also be reasonable that poor
oral hygiene and its cumulative effect over the years
might have caused increased severity periodontal tis-
sue breakdown in these patients. Regular monitor of
periodontal conditions over a successive period of time,
right from the start of hemodialysis could give more
expressive and meaningful results [47].

5.5% of periodontitis patients in the current study
have secondary hyperparathyroidism with 53.3% had
advanced periodontitis. Secondary hyperparathy-
roidism and vitamin D3 deficiency are observed in HD
patients as possible common complications. Further-
more, they can lead to disruption in calcium hemo-
stasis and linked decrease in bone mineral density and
alveolar bone resorption [36].

In the present study, we found a significant positive
weak correlation between the duration of hemodialysis
and stage of periodontitis and deepest CAL (r,=0.156,
p=0.013). The increased duration of hemodialysis
was directly correlated with an increase in the sever-
ity of periodontitis. This was in agreement with previ-
ous studies that showed a direct positive association
between longer dialysis duration and periodontal clini-
cal parameters in patients on hemodialysis [60, 61].

While our finding was not in line with previous stud-
ies that found no significant association between hemo-
dialysis duration and the prevalence and severity of
periodontal condition [62, 63]. Thus, the relationship
between the severity of periodontitis and the dura-
tion of hemodialysis is until now confusing. However,
this divergence in the results can be related to differ-
ences in patient ethnic and genetic backgrounds and
life regimes, as well as various other factors that may
have an influence on the pathogenesis and severity of
periodontitis like age, medical condition regular dental
care, and oral hygiene habits [64].

An important observation in our study was an
absence of clinical signs of gingival inflammation with
pale gingiva despite the presence of plaque deposits
however with the presence of BOP. Our finding was in
accordance with a previous study that found the uremic
in the hemodialysis patients may suppress inflamma-
tory reactions in the tissues leading to hiding signs of
gingival inflammation [65].

The medical records of all patient’s samples reported
having iron deficiency anemia with low serum ferritin
levels. Correspondingly, it was reported by another
study that as the chronic renal disease progresses,
erythropoietin synthesis is declining also, hypotheti-
cally leading to anemia [66]. Anemia increases the
bleeding tendency in uremia due to defects in plate-
lets function, including decreased platelet aggregation
along with compromised platelet adhesiveness.
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There was a weak positive non-significant correlation
between BOP and the duration of hemodialysis. It was
suggested that the medication of the HD patients, such as
anticoagulant therapy could produce increased bleeding
on probing and thus might not directly reflect the level of
inflammation of this group of patients [67].

There was a non-significant direct correlation between
plaque score and duration of hemodialysis. This went in
line with Al Wahadni and Al Omari [25] who concluded
that individuals on hemodialysis might neglect oral
hygiene or dental care as a whole due to spending a long
time in the dialysis center. The patients on hemodialysis
might have depression owing to their severe systemic
illness as well as poor social level in most of the cases
and thus, would show poor compliance during dental
treatments and ignore oral health care. Consequently, it
can be concluded that a high plaque score in this study
mostly was the result of poor oral hygiene rather than the
effect of uremia happened in hemodialysis patients.

Our finding of week association between periodontal
indices and duration of hemodialysis was in agreement
with another study that did not find any connection
between dialysis duration and periodontal parameters
[68]. This can be due to the short duration of hemodialy-
sis that was maximum 2 years in this study.

Serum creatinine is a commonly used marker for the
estimation of Glomerular Filtration Rate (GFR) and renal
function [69]. It is undoubtedly the easiest diagnostic
indicator for renal function and is readily available in
laboratories [70]. Patients with chronic renal disease have
elevated serum creatinine levels due to decreased renal
clearance [71].

In our study, there was a significant strong positive cor-
relation between PPD and deepest CAL and serum cre-
atinine level. The same result was reported by another
study that showed a significant association between
serum levels of creatinine in patients undergoing hemo-
dialysis and CAL [69]. In a study done by Kshirsagar and
co-workers [72], patients with periodontitis had lower
GFR and higher serum levels of creatinine compared to
healthy individuals. Patients with untreated periodontal
diseases have an increased risk to have lower GFR and
subsequently elevated serum creatinine concentrations.
Moreover, Naghsh et al. [69] expected that it’s possi-
ble that periodontal disease worsens renal insufficiency
and decreases glomerular filtration and this leads to an
increase in serum creatinine level.

There was a significant direct association between
serum urea BOP, PPD, and deepest CAL. As CKD pro-
gress, there was a drop in GFR while a rise in serum levels
of urea causing uremia [44]. Uremia induces immuno-
deficiency due to the increase of toxic waste products
in the bloodstream, resulting in suppression of cellular
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and humoral immunity in these patients. This allows the
unhindered growth of periodontal pathogens facilitat-
ing apical migration of epithelial attachment along with
changes in bone mineral density and resorption of alveo-
lar bone accelerating periodontal disease progression.

Conclusions

In the present study, a high frequency of periodontitis
was found among ESRD patients on hemodialysis being
more prevalent in the severe form (stage III) periodon-
titis. Diabetes and hypertension were the most prevalent
medical conditions.

There was an important direct correlation between
the severity of periodontitis and CAL with a duration of
hemodialysis. There was a weak insignificant association
between periodontal indices (PD, BOP, and plaque score)
and duration of hemodialysis.

Limitations and recommendations

The cross-sectional design makes it not possible to deter-
mine the direction of the observed relationships, because
the periodontal condition was only assessed once, not
over time and due to the lack of the control group. As the
intraosseous defect and furcation defect were not consid-
ered, all clinical tests were performed during hemodialy-
sis sessions, which could raise the risk of bias.

These data, on the other hand, are typically ignored in
epidemiological investigations. Some evaluations were
hampered by the lack of ideal conditions. Because of the
high prevalence of periodontitis and the sample’s poor
socioeconomic status, a control group without periodon-
titis could not be employed in the study. Furthermore,
more studies need to be conducted studying the perio-
dontal disease severity in hemodialysis patients in corre-
lation with different durations of hemodialysis and taking
into account their medical treatment that might affect
the severity of periodontal conditions or may overwhelm
present periodontal inflammation.

Other health professionals suggested to take part in the
oral health awareness campaign. Examination of the oral
cavity by nephrologists and other health care specialists,
particularly in areas where patients’ access to basic den-
tal care, particularly those who rely on the national health
system, is highly limited. The early detection of periodon-
tal disease, would be an appropriate strategy in Egypt and
other countries around the world, that could aid in early
intervention, facilitating an overall better quality of life
for ESRD on hemodialysis patients.
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