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Abstract

Objectives The aim of this longitudinal study was to compare
the oral health of chronic kidney disecase patients at the
predialysis (baseline) and post-transplantation (follow-up)
stages and to investigate differences in oral health between
diabetic nephropathy and other kidney disease patients at fol-
low-up.

Materials and methods Fifty-three kidney disease patients (34
men) aged 31-86 years were followed up to 157 months.
Clinical and radiological oral examinations, salivary and lab-
oratory analyses, and oral health behavior questionnaires were
conducted at the predialysis and follow-up stages at Helsinki
University Hospital, Finland. Oral inflammatory burden was
estimated by calculating deep periodontal pockets, periodon-
tal inflammatory burden (PIBI), decayed, missing, and filled
teeth (DMFT), and total dental indices (TDI). Results were
analyzed using cross-tabulation Pearson chi-square or
Fisher’s exact test and the Mann-Whitney U test, and the
McNemar and Wilcoxon signed-rank test.

Results At the predialysis stage, patients more often had cal-
culus and deep periodontal pockets; TDI, PIBI, number of
teeth, and salivary flow rates were also statistically significant-
ly higher compared to follow-up. At follow-up, diabetic
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nephropathy patients more often had Candida growth, more
plaque, and used more drugs and had lower stimulated sali-
vary flow than patients with other kidney diseases.
Conclusion Oral health was better at follow-up than at the
predialysis stage; however, attention should be given to the
lower salivary flow rate and higher number of drugs used at
that stage.

Clinical relevance This study confirms the importance of
treating oral infectious foci at the predialysis stage in order
to prevent adverse outcomes after kidney transplantation.

Keywords Oral health - Periodontitis - Renal insufficiency -
Transplantation

Introduction

Kidney transplantation is the treatment of choice for end-stage
kidney disease because it improves patient survival, is cost
effective, and offers better life quality compared with dialysis
treatment [1, 2]. Kidney transplant surgery is programmed
after the candidate has been screened for malignancies and
infections. Poor oral health is common among chronic kidney
disease (CKD) patients worldwide [3]. In these lines, foci of
oral infections should be treated before exposing the patient to
immunosuppressive medications.

CKDs are an increasing health concern worldwide because
of their increasing prevalence and the economic impact on
public health care. Hypertension, diabetes, and obesity may
irreversibly affect kidneys leading to insufficiency. Many sys-
temic rtheumatologic diseases and infections cause persistent
inflammation that may also contribute to chronic kidney dis-
ease [4]. Periodontitis is a bacteria-induced infection of tooth
supporting tissues causing not only local but also low-grade
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systemic inflammation, which has been suggested to be a risk
factor for CKD [5].

Patients with an organ transplant need immunosuppressive
drugs to prevent rejection for the rest of their lives. As a con-
sequence of immunosuppression, these patients may develop
oral lesions like gingival overgrowth induced by ciclosporin
or by calcium channel blockers, or oral candidiasis, viral in-
fections, and malignancies, such as lip cancer [6—8]. Since
patients are susceptible to oral lesions after organ transplanta-
tion due to their immunosuppressive or antihypertensive med-
ication, it is important to examine these patients regularly to
allow early detection of oral diseases and facilitate proper
treatment to avoid major complications. To our knowledge,
only one longitudinal study has been published on clinical
and/or self-reported oral health where CKD patients are
followed up from predialysis to the post-transplantation stage,
and this was by our group [9]. In the present study on the same
patient material, the primary aim was to further investigate
oral infections and mucosal lesions, and especially the preva-
lence of periodontitis, at these two stages of kidney disease.
Another aim was to study the oral inflammatory burden at
follow-up among diabetic nephropathy patients and to com-
pare it with CKD patients with some other etiology of their
kidney disease. A corresponding comparison of the patients at
predialysis has been published by our group [10, 11]. Our
third aim was to investigate whether different immunosup-
pressive drugs have different impacts on oral health. Finally,
we wanted to study self-reported oral health behavior at the
predialysis and post-transplantation stages using a
questionnaire.

Our hypothesis was that oral health and oral health behav-
ior are better after transplantation, since eradication of oral
infection foci is routinely made in our hospital at the
predialysis stage, before commencing dialysis or kidney trans-
plantation. We have previously found that compared with
non-diabetic patients, diabetic nephropathy associates with
worse periodontal health and higher oral inflammatory burden
at the predialysis stage [10, 11]. We further assumed that pa-
tients with CKD etiology other than diabetes would have bet-
ter oral health after transplantation compared to the diabetic
nephropathy patients.

Subjects and methods

The ethical committee of the Helsinki and Uusimaa Hospital
District had approved the study, which was conducted accord-
ing to the principles of the Declaration of Helsinki (Dnro 305/
13/03/02/2012).

This is a longitudinal study with a total follow-up time
of 157 months. Fifty-three kidney transplant patients aged
31 to 86 years were originally examined and treated at the
predialysis stage between the years 2000 and 2005 at the
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Departments of Nephrology and Oral and Maxillofacial
Diseases of Helsinki University Hospital, Helsinki,
Finland (Table 1). Details of these baseline examinations
have been published earlier [10, 11]. In brief, 144 CKD
patients were examined at the predialysis stage with em-
phasis on periodontal inflammatory burden. The inclusion
criterion was an estimated glomerular infiltration rate
(eGFR) of <20 ml/min/1.73 m?, corresponding to mid-
CKD stage 4 (eGFR <30 ml/min/1.73 m?) and stage 5
(eGFR <15 ml/min/1.73 m?). At the time of the present
follow-up examination, 65 patients out of the 144 were
deceased. Thus, 79 patients were invited to the re-
examination between 2013 and 2015. Of these, 26 pa-
tients dropped out because they did not want to participate
or for other reasons such as moving away from the
Helsinki and Uusimaa Hospital district area or living in
a remote location. The study profile is shown in Fig. 1.

The 53 CKD patients were clinically and radiologically
examined, and unstimulated and stimulated salivary flow rates
were measured. Candida growth was assessed using routine
microbiological methods in the clinical microbiology unit of
the university hospital laboratory.

Clinical oral examination comprised oral mucosal, peri-
odontal, and cariological examination and was performed by
the same periodontist (HR) as in the baseline. Mucosal disor-
ders such as gingival overgrowth, coated tongue, ulcers, li-
chen planus, lichenoid reaction, and leukoplakia were record-
ed. Calculus index, gingival recessions, periodontal/implant
pocket depths, and clinical attachment levels were also record-
ed. Number of teeth and implants, signs of attrition/erosion,
diastemas, mobility of teeth, and furcation lesions were further
recorded.

DMFT (decayed, missing, and filled teeth) index was cal-
culated from 32 teeth following the WHO criteria except for
“missing teeth” parameter, where wisdom teeth were also re-
corded. Prostheses (removable/fixed) were separately record-
ed. Total dental index (TDI, from 32 teeth) and periodontal
inflammatory burden index (PIBI, from 28 teeth) were calcu-
lated to describe the total inflammatory burden of the mouth.
TDI is the sum of scores from caries, periodontitis, periapical,
and pericoronitis lesions; the index score may vary from 0 to
10 [12]. PIBI is calculated by adding the number of moderate
periodontal pockets (4 to 5 mm) to the weighted number of
advanced periodontal pockets >6 mm [13].

The Centers for Disease Control and Prevention and the
American Academy of Periodontology (CDC/AAP) joint def-
inition for periodontitis was used to classify patients with no,
mild, moderate, or severe periodontitis [14]. In the present
study, however, comparison between predialysis and
follow-up stages could only be made with moderate periodon-
titis cases because clinical attachment levels had not been
recorded at predialysis. Visible plaque index (VPI, four sites
from 32 teeth) and bleeding on probing (BOP, six sites from
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Table 1 Demographic data at
follow-up stage Diabetic nephropathy Other CKD p value*
(N=11) (N=42)
Sex
Men 8 (72.7%) 26 (61.9%)
Women 3 (27.3%) 16 (38.1%) 0.505
Age (median 61 yrs)
<61 6 (54.5%) 21 (50%)
>61 5 (45.5%) 21 (50%) 0.788
Smoking®
Current smoker 1(9.1%) 5(11.9%)
Non-smoker 10 (90.9%) 37 (88.1%) 0.793
Alcohol consumption®
None or monthly 8 (80%) 36 (85.7%)
Weekly 2 (20%) 5 (11.9%)
Daily 0 1 (2.4%) 0.718
Drugs (median 9)
3-9 1 (9.1%) 27 (64.3%)
10-19 10 (90.9%) 15 (35.7%) 0.001**
Immunosuppressive drugs
No 2 (18.2%) 4 (9.5%)
Cyclosporine monotherapy 0 1 (2.4%)
Tacrolimus monotherapy 0 6 (14.3%)
Cyclosporine +mycophenolate 4 (36.4%) 23 (54.8%)
Tacrolimus + mycophenolate 5 (45.5%) 6 (14.3%)
Tacrolimus + sirolimus 0 1 (2.4%)
Cyclosporine + azathioprine 0 1 (2.4%) 0.269
Corticosteroids
Yes 1 (9.1%) 3 (7.1%)
No 10 (90.9%) 39 (92.9%) 0.828
Calcium channel blocker
Yes 9 (81.8%) 17 (40.5%)
No 2 (18.2%) 25 (59.5%) 0.015*
Kidney transplant in function
Yes 9 (81.8%) 37 (88.1%)
No (in dialysis) 2 (18.2%) 5 (11.9%) 0.584
Kidney transplantation
12-88 months ago 6 (66.7%) 18 (48.6%)
89-141 months ago 3 (33.3%) 19 (51.4%) 0.332

*p value obtained from Pearson chi-square test *0.05<p=0.01, **0.01<p=0.001

#Non-smokers include never smokers and former smokers

® One answer missing in the diabetic nephropathy group

28 teeth) index were also recorded. These indices were not
available from the predialysis stage records.

Panoramic jaw radiographs had been taken from all pa-
tients and were analyzed by a specialist in oral radiology in
our hospital. Maximum bone loss in each sextant (cervical,
middle, and apical bone loss of root lengths), periapical le-
sions, cysts, tumors, and signs of pericoronitis were recorded
from the radiographs.

A structured questionnaire recorded patients’ self-reported
oral health behavior. Health habits such as smoking (current
smoker and non-smoker; former smoker was not recorded),
alcohol use (none or monthly/weekly/daily), oral hygiene
habits (tooth brushing alone or combined with interdental
cleaning), last visit to dental office, and consideration of the
importance of oral health for kidney disease were recorded
from an oral health questionnaire for the present study.
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Fig. 1 Study flow

N=144

Treatment of oral foci of infections
at predialysis stage

Kidney transplantation

N=65 N=79
D
eceased Patients called for follow-up study
N=26
Drop outs
N=10 N=10
Moved away Reluctant
N=3 N=3
Not reached, no Other reasons
follow-up, fragile
N=53
Participants in follow-up study
N=51 N=2

No transplantation

N=5

Transplantation failures

N=46

Kidney transplant in function N=7

Tooth brushing and alcohol consumption were not included in
questionnaires at the predialysis stage. Other results from the
questionnaires concerning quality of life will be published in
further study.

Statistical analyses
This study focuses on clinical oral health between the baseline
(predialysis stage) and follow-up (post-transplantation).

IBM SPSS statistics for Windows, version 22 (IBM Corp.,
Armonk, NY, USA), was used to conduct the statistical
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analyses. Cross-tabulation with Pearson chi-square test and
risk test for odds ratios were used to analyze the results of
demographic and clinical data comparing diabetic nephropa-
thy patients with the other CKD patients. The Mann-Whitney
U test was used when comparing continuous variables be-
tween diabetic nephropathy and other CDK patients and the
Pearson chi-square or Fisher test when comparing categorical
variables. When comparing within-subject changes between
predialysis and follow-up, p values were calculated using the
McNemar test for categorical variables and the Wilcoxon
signed-rank test for continuous variables. The non-
parametric Mann-Whitney U test, McNemar test, and
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Wilcoxon signed-rank test were chosen due to the relatively
small sample size and non-normal distribution of the contin-
uous variables. The Shapiro-Wilk test was used to assess the
normality of the distribution of the continuous variables.

Results
Demographic and oral health data at the follow-up stage

Of the 53 participants, 11 had diabetic nephropathy (8 DM1
nephropathy, 3 DM2 nephropathy) while 42 had some other
CKD etiology (15 cases with polycystic kidney disease, 10
IgA nephropathy, 4 focal segmental glomerulosclerosis, 4 un-
specified glomerulosclerosis, 2 interstitial nephritis, 1 chronic
pyelonephritis, 1 nephroptosis, 1 SLE nephritis, and 4 kidney
failure of unknown etiology). Fifty-one patients had received
a kidney transplant, while 2 patients had never received a
transplant because of their poor physical health secondary to
generalized severe atherosclerosis. Follow-up time ranged
from 20 to 157 months. During the median follow-up of
128 months, (interquartile range 115 to 140) five kidney trans-
plants failed and these patients returned to dialysis. Reasons
for transplant failures were one post-transplant lymphoprolif-
erative disease (PTLD), one chronic rejection, and three un-
known reasons for graft function decline. These patients were
not considered candidates for re-transplantation because of
their serious general condition. After follow-up, 46 kidney
transplants were functioning.

The total number of drugs used daily varied from 3 to 19
(median 9). Diabetic patients took more drugs compared to the
other CKD patients (p = 0.001). Also, diabetic patients were
more often treated with a calcium channel blocker than the
other CKD patients (81.8 vs. 40.5%, p = 0.015). The most
common combination of immunosuppressive drugs used to
prevent rejection was ciclosporin combined with mycopheno-
late. No statistically significant difference was found between
different drug combinations. CKD patients were mostly
non-smokers (Table 1).

Oral mucosal lesions were found in 28% of CKD patients.
Diabetic patients had oral Candida infection (N = 8, 72.7%)
more often than the other CKD patients (N = 10, 25%)
(p = 0.001). The odds ratio of Candida infection in diabetic
nephropathy patients versus other CKD patients was 8.0 (95%
CI, 1.722 to 36.127). Gingival overgrowth was detected in
three (27.3%) of the diabetic nephropathy patients and in three
(7.1%) of the other CKD patients (n.s.). Other oral lesions
were found in 15 patients, with coated tongue the most com-
mon (N = 12, 22.6%) finding followed by lip herpes (N = 2,
3.8%), hemangioma-like lesion (N = 1, 1.9%), and
fibroma-like lesion (N = 1, 1.9%). Lip herpes was presumably
reactivation of latent Herpes simplex virus 1. One patient had
both coated tongue and fibroma-like lesion.

There was no statistically significant difference in the num-
ber of teeth, TDI, PIBI, DMFT index values, or in periodontal
parameters of these two groups of patients. VPI median was
higher among diabetic patients compared to the other CKD
patients (p = 0.037). The odds ratio over median VPI values in
diabetic nephropathy patients versus other CKD patients was
4.8 (95% CI, 1034 to 22,293). The stimulated salivary flow
rate was significantly lower among diabetic nephropathy pa-
tients versus other CKD patients; the odds ratio for less than
median stimulated salivary flow rate was 15.6 (95% CI11.821—
134.040). However, oral self-care worked well in both groups,
since 60% of diabetic nephropathy and 65% of the other CKD
patients used to brush their teeth with fluoride toothpaste and
interdental cleaning aids.

Of the diabetic patients, 55% and, of the other CKD
group, 76% had visited a dentist in the past year. Oral
health care was considered to be very important for kid-
ney disease by 55% of diabetic nephropathy patients com-
pared to 88% of the other CKD patients (p = 0.017). More
details are given in Table 2.

Oral health comparison between predialysis and follow-up
stages

At the predialysis stage, all 53 patients had calculus, compared
with 77.4% at follow-up (p < 0.001). Periodontal pockets (>1
site with 4 mm or deeper periodontal pocket) were more prev-
alent at the predialysis stage than at follow-up (83 vs. 36.2%,
p <0.001). Deep periodontal pockets (>2 sites with 6 mm or
deeper) were also more frequent at the predialysis stage com-
pared with follow-up (20.8 vs. 5.7%, p = 0.021). TDI, PIBI,
number of teeth, and salivary flow rates in terms of medians
were statistically significantly higher at predialysis than at
follow-up. DMFT index median was the same in both groups,
while the prevalence of gingival overgrowth was lower at
follow-up.

However, the number of drugs was higher at the follow-up
stage. Table 3 compares predialysis stage examination results
with those at follow-up.

No statistically significant difference was found in the
number of partial or overdenture prostheses, maximum alve-
olar bone loss, mobility of teeth, signs of diastemas, attrition
and erosion, or furcation lesions between predialysis and
follow-up (data not given). No statistically significant associ-
ation could be seen between the use of calcium channel
blockers and ciclosporin, alone or in combination, and the
prevalence of gingival overgrowth, when comparing the
predialysis results with follow-up.

There was no statistically significant difference in the fre-
quency of dental visits, although 72% of patients at the
follow-up stage and 52% at the predialysis stage had visited
a dentist in the last year (Table 3).
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Table 2 Clinical and self-
reported oral health at follow-up
stage

@ Springer

Diabetic nephropathy Other CKD p value*
N=11) (N=42)
Teeth (median) 20 25 0.101
DMFT (median) 25 23 0.350
Gingival hyperplasia

No 8 (72.7%) 39 (92.9%)

Yes 3 (27.3%) 3(7.1%) 0.061*
Periodontal pocket depths

0 site with >4 mm PPD 4 (36.4%) 24 (57.1%)

>1 site with >4 mm PPD 7 (63.6%) 18 (42.9%) 0.219

0-1 site with >6 mm PPD 10 (90.9%) 40 (95.2%)

>2 sites with >6 mm PPD 1 (9.1%) 2 (4.8%) 0.510
CDC/AAP definition for periodontitis®

No periodontitis 6 (62.5%) 33 (84.6%)

Mild 0 0

Moderate 2 (25%) 6 (15.4%)

Severe 1 (12.5%) 0 0.060*
Oral candidiasis®

Yes 8 (72.7%) 10 (25%)

No 3 (27.3%) 30 (75%) 0.010%*
Other mucosal lesions®

Yes 3 (27.3%) 12 (28.6%)

No 8 (72.7%) 30 (71.4%) 1.000
vpr (%), median

0-4.5 3 (27.3%) 18 (64.3%)

4.6-100 8 (72.7%) 10 (35.7%) 0.037%*
BOP°® (%), median 0.67 0 0.229
TDI, median 3 1 0.065*
PIBI, median 2 0 0.075*
Unstimulated salivary flow (ml/min), median 0.26 0.33 0417
Stimulated salivary flow (ml/min), median 0.52 1.20 0.004 %%
Tooth brushing

With fluoride toothpaste 4 (40%) 15 (35.7%)

And with interdental cleaning 6 (60%) 27 (64.3%) 0.800
Last visit to dental office /year ago

<1 6 (54.5%) 32 (76.2%)

>1 5 (45.5%) 10 (23.8%) 0.156
Considering importance of oral health care on kidney disease”

Very important 6 (54.5%) 37 (88.1%)

Quite important 3(27.3%) 5(11.9%)

Cannot say 1(9.1%) 0 0.017%%*

TDI total dental index, PIBI periodontal inflammatory burden index

*p values for medians obtained from Pearson and Fisher for categorical and Mann-Whitney test for continuous
variable *0.1<p=0.05, **0.05<p=0.01, ***0.01<p=0.001

#Six patients with gingival hyperplasia excluded

® Candida analyses missing for 2 patients

¢ Coated tongue (N = 12), herpes (N = 2), hemangioma-like lesions (N = 1), fibroma-like lesion (N = 1)

9Visible plaque index (4 sites per 32 teeth %) missing for 14 patients
°BOP = bleeding on probing (6 sites per 28 teeth %) available from 52

One answer missing in the diabetic nephropathy group
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Table 3 Comparison of
periodontal and oral status Predialysis stage Follow-up stage p value*
parameters (N=153) (N=153)
Number of teeth, median 27 24 <0.001 ***
IQR 25-75 7 (22-29) 9 (18-27)
Number of drugs, median 8 9 <0.007] k%
IQR 25-75 3(6-9) 5(8-13)
Calculus
No 0 12 (22.6%)
Yes 53 (100%) 41 (77.4%) 0.001 %4
Periodontal pocket depths
0 site with >4 mm PPD 9 (17%) 28 (52.8%)
>1 site with >4 mm PPD 44 (83%) 25 (36.2%) <0.001%#%*
0-1 teeth with >5 mm PPD 31 (58.5%) 39 (73.6%)
>2 teeth with >5 mm PPD 22 (41.5%) 14 (26.4%) 0.115
0-1 site with >6 mm PPD 42 (79.2%) 50 (94.3%)
>2 sites with >6 mm PPD 11 (20.8%) 3 (5.7%) 0.021%*
PIBI, median 4 0
IQR 25-75 16 (1-17) 2(0-2) <0.001%#%*
TDI, median 3 1
IQR 25-75 2(24) 3(0-3) <0.001%%*
DMFT, median 23 23
IQR 25-75 10 (17-27) 11 (17-28) <0.001%#**
Gingival hyperplasia
No 41 (77.4%) 47 (88.7%)
Yes 12 (22.6%) 6 (11.3%) 0.180
Unstimulated salivary flow rate (ml/min), median 0.4 03
IQR 25-75 0.38 (0.22-0.60) 0.32(0.18-0.50) 0.015%*
Stimulated salivary flow rate (ml/min), median 1.46 0.84
IQR 25-75 1.08 (0.92-2.0) 1.36 (0.44-1.80) 0.003 9%
Last visit to dental office”
<1 year ago 26 (52%) 38 (71.7%)
>1 year ago 24 (48%) 15 (28.3%) 0.093*
IOR interquartile range, P/BI periodontal inflammatory burden index, 7DI total dental index, DMFT decayed,
missing, and filled teeth
*p values (unadjusted) obtained from McNemar Test and Wilcoxon signed-rank test *0.1<p=0.05,
*%0.05<p=0.01, ***0.01<p=0.001
 Three answers for the question missing
Discussion When comparing diabetic patients with other CKD patients

This longitudinal clinical study confirmed our hypothesis
that patients at the follow-up examination (when most of
them had a functioning kidney transplant) had better
clinical oral health compared to baseline findings at the
predialysis stage. Statistically significantly fewer deep
periodontal pockets, lower TDI and PIBI scores, and
lower salivary flow rates were found among the patients
at follow-up. Our results emphasize the importance of
the practice (as used in our hospital) of eradicating oral
infectious foci at the predialysis stage in order to prevent
adverse outcomes after kidney transplantation.

at follow-up, diabetic patients more often had visible plaque,
more oral candidiasis, and lower stimulated salivary flow rate.
However, more than half of the diabetic patients claimed to
use interdental cleaning aids along with brushing with fluoride
toothpaste. Notably, according to the questionnaires, diabetic
patients did not consider oral health care to be as meaningful
for kidney disease as the other CKD patients.

The current study is important since, to the best of our
knowledge, only one longitudinal clinical study has been pub-
lished following CKD patients all the way from predialysis
stage to post-transplantation stage, and this is the study from
the same patient material as reported here [9]. Most earlier
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studies describe findings only at the dialysis and post-
transplantation stages [6, 15, 16]. In our previous study, we
followed nine of our CKD patients for 10 years through
predialysis and dialysis to post-transplantation but found no sta-
tistically significant differences in clinical oral symptoms or
signs, although salivary proteins (IgG, IgA, IgM, albumin) and
urea decreased during the follow-up [9]. In these patients, the
mean salivary flow rate was the lowest post-transplantation,
probably due to the immunosuppressive and cardiovascular
medication [9]. But by the time of those analyses, only a few
patients had gone through the whole treatment scale of kidney
disease. Hence, the present findings on 53 patients are more
reliable.

Bots and co-workers (2007) followed 43 patients up to
2 years from dialysis to kidney transplantation. They found
that salivary flow rate increased after transplantation and BOP
decreased. The authors reported that oral dryness, xerostomia,
and thirst are continuing problems in patients on dialysis and
that reduced salivary flow rate is reversible and is restored
after transplantation [15]. We found that salivary flow rate
decreased while the number of daily drugs increased from
predialysis to follow-up. This confirms earlier results from
elderly patients that the more drugs used daily, the less saliva
[17].

In the cross-sectional study by Thorman et al. (2009), ure-
mic patients in predialysis and dialysis had a worse DMFT
index score, periodontal loss of attachment, and more
periapical lesions compared to age- and gender-matched
healthy controls [16]. In our patients, scores of oral inflamma-
tory burden (TDI, PIBI values) and the number of deep peri-
odontal pockets decreased from the uremic predialysis stage to
follow-up; at which time, most of our patients had received a
new kidney and had also had proper dental treatment right
from the predialysis stage. After transplantation, patients are
advised to take care of their oral health with regular oral ex-
aminations and maintenance. Even though the p value is sta-
tistically significant when comparing DMFT between base-
line and follow-up, this has no clinical importance since there
is no actual difference in the median numbers and is merely
explained by the sensitivity of the Wilcoxon signed-rank test
due to the transgression of a few random values. The range
between minimum and maximum values shifts from 4-32 to
833 during follow-up.

Kidney transplantation is the preferred treatment for
end-stage renal disease in many regards. It brings better life
quality to the patient, it is cost effective, and it increases sur-
vival compared with other kidney function replacement ther-
apies [2, 18-21]. According to the European Renal
Association and the European Dialysis and Transplant
Association (ERA, EDTA), 2-year and 5-year survival rates
for all dialysis patients were recently 77.5 and 52.5%, respec-
tively, compared with survival rates of 96 and 91.5% after the
first kidney transplantation [21]. Of our 144 patients originally
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examined, 65 died during the follow-up of 157 months.
Among those who had died, diabetic nephropathy diagnosis
was more common than the other CKD diagnoses. Although
no causality can be drawn from the present results, oral infec-
tion may affect graft function [22-24]. For example, Helenius-
Hietala et al. (2013) have shown in liver transplant patients
that poor oral health does indeed affect prognosis [25].
Furthermore, according to Zwiech et al. (2013), poor oral
health was associated with increased risk of acute 1-year re-
jection after kidney transplantation [24]. In the present study,
only five kidney transplants failed during the follow-up.
Although no oral infections were found to have caused graft
losses, we again emphasize the importance of proper diagno-
sis and treatment of oral foci right at the predialysis stage.

CKD patients at the follow-up stage had better oral health
and less oral inflammation than uremic patients at the
predialysis stage. However, the present results clearly show
that diabetic nephropathy is the disease of particular concern
in relation to oral health. Diabetic nephropathy patients had
lower stimulated salivary flow rate, more candidiasis, and
more dental plaque and did not consider oral health care to
be of the same importance as the other CKD patients; thus,
clinicians should be alert in this respect, properly diagnose and
treat oral infections, and keep patients in regular maintenance
therapy.

The strength of our study was the longitudinal design: pa-
tients were followed from predialysis through dialysis up to
the post-transplant stage. The study was carried out in Finland,
which has an ethnically homogeneous Caucasian population.
Our university hospital is the tertiary referral center for kidney
disease patients and the only national center for organ trans-
plant operations. Thus, the patients presented here represent
the whole population in this respect.

One limitation is the fairly small number of patients who
during the follow-up of up to 157 months had gone through
the whole treatment panorama. Another weakness is the fact
that when commencing the study, not all parameters were
recorded, unlike the case later in the follow-up examination.
This prevented a comparison of certain periodontal parame-
ters. Although oral health showed improvements after eradi-
cation of oral foci at the predialysis stage, oral maintenance
therapy might have played a significant role since all the trans-
plant patients are referred to a maintenance program.
Furthermore, for practical reasons, no healthy controls could
be investigated, and thus, the results are based on a compari-
son between baseline and follow-up results in the same
patients.

To conclude, since immunosuppression after organ trans-
plantation may trigger latent oral infections and may thus pre-
dispose the patient to severe systemic complications due to
hematogenic spread of these infections, oral infections must
be diagnosed and treated properly before transplantation. For
the same reason, all transplantation patients should then be
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referred for oral disease prevention as well as for a regular
dental maintenance program.
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