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Objective: The aim of this cross-sectional study was to evaluate the dental and periodontal health, as well as the micro-
biological and salivary conditions, of patients with and without diabetes mellitus (DM) who are receiving haemodialysis.
Methods: One-hundred and fifty-nine haemodialysis patients were included and divided into groups according to the
pre-existing diabetes status: DM or no DM. The oral examination included dental findings and assessment of the peri-
odontal situation. The periodontal condition was classified as healthy/mild, moderate or severe periodontitis. Subgingival
biofilm samples were analysed using the polymerase chain reaction. The salivary diagnostics included measurement of
unstimulated and stimulated salivary flow, pH and buffer capacity. Statistical analyses used Fisher’s test, the #-test and
the Mann-Whitney U-test (o = 5%). Results: The dental findings showed no significant difference between patients with
and without DM (P = 0.44). The prevalence of periodontitis was high (96% in patients with DM and 97% in patients
who did not have DM) and there was no significant difference between the groups (P = 0.71). There was a higher preva-
lence of Porphyromonas gingivalis, Parvimonas micros, Eubacterium nucleatum and Capnocytophaga spp. in patients
without DM (P < 0.05). The salivary pH was significantly higher in patients without DM (P < 0.01). Conclusion: While
differences in the prevalence of periodontal pathogenic bacteria and in the salivary pH were detected between the
groups, the dental and periodontal status was comparable between patients with and without DM. Accordingly, DM
appears to have no decisive influence on the oral health in patients treated with haemodialysis who have well-controlled
diabetes.
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INTRODUCTION

The number of patients with chronic renal failure
(CRF) is increasing worldwide'. The most common
reasons for CRF are diabetes mellitus (DM), primary
glomerulonephritis, arterial hypertension and polycys-
tic kidney diseases’. CRF is accompanied by an irre-
versible reduction in the number of functional
nephrons, resulting in a decrease of the functional
capacity of the kidneys®>. When this capacity decreases
below 5-10% of the normal efficiency, renal
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replacement therapy is necessary as a life-supporting
measure™. In this context, three different forms of
renal replacement therapies are available: haemodialy-
sis (HD); peritoneal dialysis; and kidney transplanta-
tion. HD is the most common form of replacement
therapy for CRF, improving the long-term survival of
patients with end-stage renal disease®.

Compared with healthy individuals, however, HD
patients have higher susceptibility to infectious com-
plications as a result of general deficiencies and a
compromised immune system’. This results in sys-
temic changes as well as in oral complications®. It is
known that patients undergoing HD show worse oral
conditions compared with healthy controls™'°.
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Furthermore, the association between periodontitis
and CRF in patients undergoing treatment with HD
was confirmed by several other studies*”>!'. Addition-
ally, differences in the oral microbiology were
detected'*'3. Changes in the salivary flow and com-
position were particularly prominent, often resulting
in xerostomia in addition to changes in the oral
mucosa>!* 1. However, the fact that many patients
treated with HD have DM as a major cause of HD or
comorbidity was often not considered. The presence
of DM might play an important role because it repre-
sents an important risk factor for the development of
periodontitis'”'®, Moreover, the literature indicates a
bidirectional relationship between DM and periodon-
titis'®. In this respect, DM leads to a two- to three-
fold increase in the risk for periodontitis'®. Conse-
quently, poor periodontal health conditions in patients
with DM and CRF, who are treated with HD, could
be caused by both renal disease and DM. Only a few
studies on oral health in patients with DM undergoing
HD are available, and these focus mainly on clinical
parameters'®*°%2, However, apart from these param-
eters, additional factors which have an influence on
oral health might be of relevance. Therefore, on one
hand, the microbiological factors might be different
between patients with and without DM?3. On the
other hand, salivary factors, such as salivary pH,
might be of interest because the reduced salivary pH,
which has been found in patients with DM compared
with those without DM, could have an influence on
dental caries and periodontitis**.

To the author’s knowledge, a comprehensive inves-
tigation comparing patients with and without DM
treated with HD, regarding clinical parameters, and
microbiological and salivary findings, is not available
in the literature; however, this subject would be of
interest.

Therefore, following the previously published
results of our group?’, the aim of the present study
was to investigate the dental and periodontal health
conditions, microbiological differences and salivary
parameters of patients with or without DM undergo-
ing treatment with HD. Patients with DM undergoing
treatment with HD were hypothesised to have greater
periodontal involvement compared with patients with-
out DM. Furthermore, the periodontal microflora
could be influenced, and the salivary flow might be
reduced to a greater extent by DM in patients treated
with HD.

METHODS

This multicentric clinical cross-sectional study was
reviewed and approved by the Ethics Committee of
the University Medical Center in Goettingen, Ger-
many (No. 29/1/14), and the research was conducted
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in full accordance with the World Medical Associa-
tion Declaration of Helsinki. Patients were informed
verbally, as well as in writing, about the study and
gave their written informed consent to participate.

Patients

No preliminary power calculation was performed.
The aim was to recruit as many patients as possible.
Patients undergoing HD, including both men and
women, with and without DM (type 2 diabetes), were
recruited from five different facilities, as shown in Fig-
ure 1. Exclusion criteria were: organ transplantation
(except for kidney); immune suppression; impossible
oral examination as a result of poor overall health;
addicts (drugs or alcohol); cerebral seizure disorders;
infectious diseases (hepatitis A, B, C; tuberculosis;
human immune-deficiency virus); pregnancy; lack of
fine motor skills; other general diseases requiring med-
ication; and inadequate German language skills.

Oral investigation

All patients received the following examinations dur-
ing their dialysis therapy by two experienced and cali-
brated dentists (kappa > 0.8).

Dental examination

The decayed, missing and filled tooth (DMF-T) index
was assessed visually using a mirror and a dental
probe. The DMF-T index was determined as follows:
teeth with a reasonable suspicion of or definitely
showing a cavity in the dentine layer were categorised
as decayed (D), teeth with fillings or crowns were cat-
egorised as filled (F) and missing teeth were catego-

rised as missing (M). Based on the number of teeth
categorised as D, F and M, the DMEF-T was

| 453 patients with renal insufficiencies and HD ‘

comparison with inclusion and exclusion criteria,
patient information and informed consent

! ! |

200 gave no 159 patients gave 94 did not meet the
informed consent informed consent inclusion criteria
(66 DM and 93 nDM)
|
v ¥ v ¥ v
20% 20% 21% 22% 17%
Centre1 Centre 2 Centre 3 Centre 4 Centre 5

Figure 1. Flow chart of patient recruitment. DM, diabetes mellitus; HD,
haemodialysis; nDM, no diabetes mellitus. Centre 1, Department of
Nephrology and Rheumatology, University Clinic Goettingen; Centre 2,
Kidney/Rheuma Center Goettingen; Centre 3, Medical Center Bad Bev-
ensen; Centre 4, Internistic/nephrological group practice — dialysis-Uel-
zen; Centre 5, Dialysis and diabetes focused practice — Lueneburg.
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generated. Accordingly, the DMF-T generally reflects
the caries experience of the person examined?®.

Periodontal examination

The periodontal status, including the periodontal
probing depth (PPD) and the presence of bleeding on
probing (BOP positive), as well as the clinical attach-
ment loss (CAL), was assessed based on six measure-
ments per tooth made using a periodontal probe with
a millimeter measurement scale (PCP 15; Hu-Friedy,
Chicago, IL, USA). Periodontitis was classified into
three categories according to the definition of the
American Academy of Periodontology/Centers for
Disease Control and Prevention (AAP/CDC) case defi-
nitions of 2007: (i) severe periodontitis; (ii) moderate
periodontitis; or (iii) no/mild periodontitis?”. Addi-
tionally, the papillary bleeding index (PBI) was used
to classify the gingival inflammation. The PBI ranges
from 0 (no bleeding/inflammation-free gingiva) to 4

(profuse bleeding/severe inflammation)?®.

Microbiological analysis of periodontal pathogenic
bacteria

Sulcular fluid samples from the deepest periodontal
pocket were taken using sterile paper tips. Two (one
each from the maxilla and the mandible) to four sam-
ples were examined for each patient. Microbiological
analysis of the periodontal pathogens was carried out
with the polymerase chain reaction (PCR) using a
commercial test kit (Micro-IDentplus; HainLife-
science, Nehren, Germany), in the clinical laboratory
of the Department of Preventive Dentistry, Periodon-
tology, and Cariology, University Medical Center
Goettingen. The samples were screened for the follow-
ing 11 species of periodontal pathogenic bacteria:
Aggregatibacter  actinomycetemcomitans  (detection
threshold >10%), Porphyromonas gingivalis, Tan-
nerella forsythia, Treponema denticola, Prevotella
intermedia, Parvimonas micra, Fusobacterium nuclea-
tum, Campylobacter rectus, Eubacterium nodatum,
Eikenella corrodens and Capnocytophaga spp. (detec-
tion threshold >103).

Salivary investigation

Salivary analysis was conducted during the HD therapy.
Patients were advised to refrain from eating, drinking,
chewing gum, smoking and mouth rinsing for 1 hour
before saliva collection. Patients sat up straight for
5 minutes during which time saliva was collected in a
calibrated vessel. The amount of unstimulated saliva
collected was measured, and the pH was assessed using
pH indicator strips 0-14 (Merck, Darmstadt, Ger-
many). At this point, the result was determined
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according to the colour change after 5 minutes and was
compared with the colour-scale template. Then, stimu-
lated saliva was collected after 5 minutes of chewing on
a paraffin pellet. The amount of stimulated saliva col-
lected was measured, and the buffer capacity was
assessed using CRT® buffer tests (Ivoclar Vivadent, Ell-
wangen, Germany). Here, the testing strips were evalu-
ated after 5 minutes and were classified, according to
the colour change, as high (blue), medium (green) or
low (yellow) buffering capacity.

Statistical analysis

The data were analysed in ‘STATISTICA’ (Version
9.0; Statsoft, Tulsa, OK, USA) and the open source
program ‘R’ (Version 3.1.0; The R Foundation for
Statistical Computing, Auckland, New Zealand). For
numerical data, a comparison of mean values was per-
formed using the Student’s t-test or the Mann—Whit-
ney U-test, depending on the normal distribution of
the data, respectively. The categorical variables were
analysed using Fisher’s exact test or the chi-square
test. The significance level was o = 5%.

RESULTS

Patients

Of the 453 potential patients, 159 (35.1%) took part
in the study (Figure 1). Patients with DM were signifi-
cantly older than patients without DM (P < 0.05). No
significant differences regarding gender, smoking

habits and underlying causual diseases was found
(P > 0.05, Table 1).

Oral investigation

Dental examination

Thirty (13 DM, 17 non-DM) patients undergoing HD
were edentulous and were therefore not included in
the dental and periodontal examination. The mean
DMF-T showed no statistically significant difference
between patients with and without DM (20.4 &+ 6.0
vs. 21.2 + 5.4, respectively; P = 0.44). No significant
differences in D-T, M-T and F-T values were found
between the groups (Table 2).

Periodontal examination

The prevalence of moderate or severe periodontitis
was high (96% in patients with DM; 97% in patients
without DM) but there were no significant differences
between the groups (P = 0.71). Further periodontal
findings (PPD, CAL) were not significantly different,
either overall or in the different disease categories
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Table 1 Patients’ characteristics

Characteristic/Parameter ~ Non-DM DM Significance
(n=93) (n = 66) level (P)

Gender (male) 59 (63) 43 (65) >0.05*
Age (years) 66.7 +13.0 70.5 + 10.2 <0.05%*
Smoking habits

Smoker 17 (18) 10 (15) >0.05%%*

Former smoker 4 (4) 2 (3)

Non-smoker 72 (78) 54 (82)
Causal underlying

disease

Diabetes mellitus 0 (0) 66 (100) -

Nephrosclerosis 13 (14) 0 (0)

Inflammatory renal 28 (30) 0 (0)

disease

Kidney transplant 6 (7) 4 (6)

failure

Other disease 27 (29) 0 (0)

Unknown 19 (20) 0 (0)
HbA1c value 6.3+ 1.2 -
Time under 4.4 + 4.1 3.3 +2.7 -

haemodialysis (years)

Values are given as 7 (%) or mean =+ standard deviation.

CRP, C-reactive protein; DM, diabetes mellitus; non-DM, no dia-
betes mellitus; HbAlc, glycated haemogobin; 7, number of
patients.*Fisher’s exact test, **-test, ***chi-square test. Significant
results (P < 0.05) are highlighted in bold.

Table 2 Comparison of the dental health parameters
in both patient groups

Parameter Non-DM DM (n = 66) Significance
(n=93) level (P)

DME-T, all patients ~ 22.3 £ 5.5 219 £ 6.1 0.62

Edentulous patients 17 (18) 13 (20) -

DME-T patients 212+ 54 20.4 + 6.0 0.44
with teeth

D-T patients with 1.4 £ 2.1 2.1 £+ 3.0 0.14
teeth

M-T patients with 12.8 + 8.6 10.8 + 7.8 0.18
teeth

F-T patients with 7.0 £ 5.0 7.7 5.5 0.62
teeth

Values are given as 7 (%) or mean =+ standard deviation.

DM, diabetes mellitus; DMF-T, number of carious, missing, and
filled teeth (caries index); D-T, carious teeth; F-T, filled teeth; M-T,
missing teeth; non-DM, no diabetes mellitusP-values were determined
using the Mann—Whitney U-test (significance level: P < 0.05).

(mild/moderate or severe periodontitis) between non-
DM and DM (Table 3). Additionally, the values for
BOP (non-DM: 0.10 + 0.11; DM: 0.10 £ 0.14;
P=0.79) and PBI (non-DM: 0.36 & 0.29; DM:
0.34 &+ 0.27; P = 0.72) were not significantly different
between the groups (Table 3).

Microbiological analysis

Of the 11 periodontal pathogens investigated, F.
nucleatum (non-DM: 98%, DM: 96%), Capnocy-
tophaga spp. (non-DM: 90%, DM: 78%), P. micra
(non-DM: 73%, DM: 67%), and T. forsythia (non-
DM: 62%, DM: 50%) were those most frequently
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detected. Significant differences were found in the pre-
valence of bacteria between patients with and without
DM for P. gingivalis (non-DM: 47%, DM: 24%,
P =0.02), P. micra (non-DM: 72.5%, DM: 67.4%,
P =0.03), E. nodatum (non-DM: 62%, DM: 50%,
P =0.02) and Capnocytophaga spp. (non-DM: 89.9%,
DM: 78.3%, P = 0.02) (Figure 2).

Salivary analysis

The pH was significantly higher for the non-DM
group (non-DM: 7.0 £0.9, DM: 6.7 £ 0.7
P <0.01). No significant differences were found
regarding the buffering capacity of the stimulated sal-
iva (P = 1.0; Table 4).

DISCUSSION

Moderate and severe periodontitis were detected in
the majority of patients in both groups regardless of
the diabetes status. Porphyromonas gingivalis, P.
micra, E. nodatum and Capnocytophaga spp. showed
a significantly higher prevalence in patients without
DM. While the salivary flow was comparable in both
groups, the pH was significantly higher in patients
without DM.

The clinical examination showed no significant dif-
ferences in the DMF-T of all patients treated with HD
(including edentulous and dentulous patients) between
the groups (DM: 21.9 4+ 6.1, non-DM: 22.3 + 5.5,
P = 0.62). To discuss these results, the fourth German
health study (DMS 1IV), a representative study of the
German population®”, can be used. In DMS IV, simi-
lar DMF-T values compared to the current study
(14.5 £ 5.7 for age range 35-44 years; and
22.1 + 5.9 for age range 65-74 years) were found*’.
Another publication by our group showed similar
DME-T of 22.1+ 6.5 for patients treated with HD*°.
The international literature on the influence of DM
on DMF-T in patients treated with HD is contradic-
tory. While three studies showed a significantly higher
DME-T in patients with DM'®2%2! " another study
showed no difference??.

Taking into account the findings of DMS IV (moder-
ate periodontitis: 45.3% for age range 35-44 years
and 54.1% for age range 65-74 years; severe peri-
odontitis: 46.9% for age range 35-44 years and
24.0% for age range 65-74 years), the current study
found that patients undergoing HD had a higher
prevalence of severe periodontitis regardless of their
DM status, while moderate periodontitis was more
prevalent in DMS IV?’. In the international literature,
the prevalence of severe periodontitis ranges from 0%
to 24%, with periodontitis being more severe in patients
with DM'®2%22 For moderate periodontitis, the preva-
lence ranges from 10% to 62%'%2% 22, These results do
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Table 3 Periodontal findings of diabetes mellitus (DM) and no DM (non-DM) groups

Parameter Non-DM (1 = 76) DM (n = 53) Significance level (P)
PBI 0.36 + 0.29 0.34 4+ 0.27 0.72
PPD (mm)
Overall 3.43 + 1.24 (3.00) 3.47 £+ 1.25 (3.00) 0.40
Mild and moderate periodontitis 2.86 £ 0.80 (3.00) 2.87 £ 0.82 (3.00)
Severe periodontitis 3.82 + 1.33 (4.00) 3.74 + 1.31 (4.00)
CAL (mm)
Overall 5.06 + 2.1 (5.00) 5.30 + 2.14 (5.00) 0.58
Mild and moderate periodontitis 4.14 £+ 1.84 (4.00) 4.52 £ 1.73 (4.00)
Severe periodontitis 5.69 + 2.02 (5.00) 5.65 + 2.22 (5.00)
BOP (%) 0.10 + 0.11 0.10 & 0.14 0.79
Periodontal condition
No/mild 2 (3) 2 (4) 0.71
Moderate 32 (42) 19 (36)
Severe 42 (55) 32 (60)

Values are given as # (%) or mean + standard deviation (median). CAL, clinical attachment loss; PBI, papillary bleeding index; PPD, pocket
probing depth.P-values were determined using the Mann—Whitney U-test and for PBI the chi-square test was used. Significance level: P < 0.05.

P=0.02

P=0.43
DM
= nDM
P=052
0 20 40 60 80 100 120

Per cent values of the prevalence

Figure 2. Findings of the microbiological analysis. Diabetes mellitus
(light bars), no diabetes mellitus (dark bars). Aa, Aggregatibacter actino-
mycetemcomitans; Cr, Campylobacter rectus; Cs, Capnocytophaga spp.;
Ec, Eikenella corrodens; En, Eubacterium nodatum; Fn, Fusobacterium

nucleatum; Pg, Porphyromonas gingivalis; Pi, Prevotella intermedia;

Pm, Parvimonas micra; Td, Treponema denticola; Tf, Tannerella for-
sythia. Detection threshold >10?, significant results are presented in bold
type. P-values were determined using the Mann—Whitney U-test (signifi-

cance level: P < 0.05).

Table 4 Results of salivary diagnostics

Parameter Non-DM DM (n = 66) Significance
(n=93) level (P)
Unstimulated salivary 0.23 +0.23 0.16 £ 0.20 0.15

flow rate (mL/minute)
Stimulated salivary flow 0.50 + 0.40 0.42 + 0.42 0.20
rate (mL/minute)

pH of unstimulated 7.0 £ 0.9 6.7 £ 0.7 <0.01
saliva
Buffering capacity of stimulated saliva
Low 56.2 41.2 1.0
Medium 28.1 27.9
High 15.7 14.8

Values are given as mean + standard deviation or %.

DM, diabetes mellitus; mL/minute, milliliters per minute; non-DM,
no diabetes mellitus.

P-values were determined using the Mann-Whitney U-test, and sig-
nificant results (P < 0.05) are given in bold type.
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not correspond to those of the current study, which
may be because of different classification criteria and
the fact that the patients in the current study had well-
controlled DM [glycated haemoglobin (HbAlc):
6.3 £ 1.2%]. Furthermore, poor overall health could
be a modifying factor in the current study®’. Another
aspect should be mentioned within the interpretation of
the periodontal findings. The mean PPD was 3.43 mm
in the non-DM group and 3.47 mm in the DM group.
Therefore, it is possible that the classification scheme
used”” might lead to overestimation of periodontal dis-
ease severity. The PPD might reflect that the current
periodontal treatment need was relatively low; however,
when taking into account the higher CAL values, the
incidence of periodontal disease appears to be high.
While the classification scheme used is validated, a peri-
odontal case definition does not represent an overall
measure of periodontal damage. The case definition
chosen does not represent the clinical situation of the
study participants but gives an overview of the peri-
odontal disease burden in the two groups. In addition, a
wide range in values appears to be present. However,
PPD and CAL values in DM and non-DM groups were
determined for the different severities of periodontal
disease and compared between groups (Table 3), and
no statistically significant differences were detected.
Thus, neither in clinical parameters nor in case defini-
tions was a difference in periodontal diseases found
between patients with and without DM undergoing
HD.

Other classification schemes are available. For
example, whether the periodontal damage was local-
ised versus generalised could be assessed®!. The study
protocol, however, used the classification recom-
mended by the AAP/CDC for the analysis and inter-
pretation of the results. Currently, updated case
definitions are recommended®*??, which were not
available when the current study began.
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In addition, low PBI and low BOP values indicate
only mild gingival inflammation. Neither DMS IV*’
nor comparable studies took these parameters into
consideration'®2%%2,

The results of the microbiological analysis must be
considered. Porphyromonas gingivalis, P. micra, E.
nodatum and Capnocytophaga spp. showed a signifi-
cantly higher prevalence in patients without DM. To
the authors’ best knowledge, no studies have investi-
gated the microbiological differences between patients
with and without DM who are treated with HD. Only
a few studies have examined microbiological findings
in patients with renal insufficiency or undergoing
treatment with HD, and they showed inconsistent
results for patients treated with HD'%3%3%,

Studies using different detection methods to com-
pare the periodontal microflora between patients with
and without DM have also produced contradictory
results*> 2%, Most studies were not able to detect dif-
ferences between the groups®”>®. Castrillon et al. per-
formed a PCR analysis and detected a lower
concentration of red complex bacteria (P. gingivalis,
T. forsythia and T. denticola) in patients with DM,
which is in agreement with the findings of the current
study?®. The pathogenesis of periodontitis is not dif-
ferent between patients with and without DM; how-
ever, their host response may differ'”. Thus, changes
in the host response could be a reason for the differ-
ent concentrations of bacteria in patients with DM?>°.
Nevertheless, the absence of any meaningful differ-
ences in the dental and periodontal health between
patients with and without DM undergoing HD makes
the benefit of microbiological diagnostics question-
able. Furthermore, it must be mentioned that a stan-
dardised PCR test only provides information on
several selected periodontal pathogenic bacteria,
whereas different test systems may show different
results. Additionally, microbiological parameters
should only be interpreted while taking clinical find-
ings into consideration®’.

Saliva plays an important role in oral diseases;
thus, a lack of saliva increases the risk of caries
and other infections*™. In the salivary flow analysis,
both the unstimulated and stimulated salivary flow
rates were low compared with the normal values
given in the literature for the stimulated flow rate
(1.5-2.0 mL/minute) and the unstimulated flow rate
(0.3-0.4 mL/minute)*"**. The reasons for a reduced
salivary flow in patients treated with HD are the
insufficient fluid supply and the large number of
medications?’**?. In recent studies, a significantly
lower unstimulated salivary flow was found for DM
patients with renal insufficiency'®*"**. This is not
confirmed by the current study, albeit the investiga-
tion of different patients complicates a comparison.
Moreover, the mean age, which also has an
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influence on the salivary flow"®’, was considerably
lower than that in the current study.

Higher pH values were recorded for patients with
no DM, which is comparable with the findings of
other studies®*!. Higher pH values, in combination
with a low salivary flow, might contribute to the for-
mation of calculus. This parameter was not assessed;
however, the low PBI values suggest minimal gingival
inflammation, which may suggest no increased calcu-
lus formation.

Strengths and Weaknesses

To the authors’ knowledge, this is the first study to
investigate  microbiological  differences  between
patients with and without DM who are undergoing
HD. Moreover, the complex assessment of the param-
eters adds to the uniqueness of this investigation. The
time point at which the salivary diagnostic test was
performed is a weakness of the study because it varied
according to the time of the dialysis. While this might
influence the results of the salivary diagnostic test, it
could not be logistically overcome as it would have
been difficult to standardise methods, used during the
examination, in different dialysis centres. Also, the
fact that no plaque index was assessed is a limitation
of the study; however, only a short time span was
available for the examination and therefore the focus
was on the parameters investigated. No sample size
estimation and power analysis were performed as the
aim of the study was to recruit as many patients as
possible. Therefore, the examination of 159 patients,
is a clear advantage. The significant age difference
between the groups may affect the results, especially
with regard to the salivary conditions. Recruitment of
a healthy control group might have strengthened the
findings of the study; however, as the focus was on
detection of differences between patients with and
without DM undergoing HD, no healthy control
group was necessary. A further problem was the large
number of patients contacted who did not wish to
participate in the study. Similar problems were experi-
enced in our previous study?’. This seems to be a gen-
eral problem in patients undergoing HD in Germany.
This clinical cross-sectional study serves to provide
insights regarding differences between patients with
and without DM receiving treatment with HD, but
was not designed to show causal relationships. How-
ever, the findings provide a solid basis for further
study.

CONCLUSION

A high prevalence of periodontitis was detected in
patients undergoing treatment with HD, irrespec-
tive of their diabetes status. Differences in
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microbiological and salivary findings were detected
between patients with and without DM undergoing
HD. However, this seems to have no influence on
the dental and periodontal status of the patients.
Accordingly, diabetes status appears to have no
decisive influence on the dental and periodontal
health in HD patients. The poor periodontal health
of patients with and without DM in the current
study might be related to renal failure, to dialysis
therapy, or to both.
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