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Long-term diabetes predisposes to pathological changes in periodontal tissues. Improvement in this respect
can be expected in patients after pancreas transplantation.

The aim of this study was to assess and compare the intensity of periodontium pathological lesions and in-
flammation markers concentration in gingival crevicular fluid (GCF) in patients with type 1 diabetes (T1D) af-
ter kidney (KTx) or simultaneous pancreas and kidney transplantation (SPK).

The study included 20 T1D patients after SPK and 16 after KTx, and 15 non-diabetic kidney recipients (con-
trol). Periodontal clinical parameters and concentration of selected biochemical markers of inflammation in
GCF were assessed. The following tests were used in statistical data analysis: Shapiro-Wilk test, the t test, the
Mann-Whitney U tests, one-way ANOVA with Tukey’s post hoc test, and 2 test (also with Yate’s correction).
Moreover, linear regression and Pearson or Spearman correlation coefficient was used.

There were no differences in modified Sulcus Bleeding Index (mSBI) and GCF volume between the SPK group
and control group, whereas values of these parameters in the KTx group were higher than in the SPK and con-
trol groups. Maximal clinical attachment loss and pocket depth and Periotest values were higher in diabetic
recipients compared to controls, and did not differ between SPK and KTx.

The concentration of IL-1B, MMP-8, resistin, TNFa, and YKL40 in the GCF in the KTx group was higher than in
the SPK and control groups.

In the combined group of T1D patients, there was a correlation between blood HbAlc and mSBI, GCF volume,
and resistin, TNF-oe and YKL40 concentrations, and between resistin concentration and mSBI.

T1D patients after SPK show lower levels of inflammatory markers in GCF and present reduced intensity of
periodontitis compared to kidney recipients treated with insulin.

The severity of morphological changes in periodontium in T1D patients after KTx or SPK is higher than in non-
diabetic kidney recipients.

Diabetes Mellitus, Type 1 ¢ Gingival Crevicular Fluid e Pancreas Transplantation ¢ Periodontal Diseases
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Background

Long-term type 1 diabetes mellitus (T1D) causes a number of
pathologies in the cardiovascular system [1], nervous system,
kidneys [2] and the retina of the eye [3]. In the oral cavity, long-
term consequences of T1D include impaired salivation, infec-
tions, caries [4], and periodontal disease [5].

Pathology in the periodontium consists of inflammatory state
related to a response of monocytes, macrophages, and neu-
trophils to bacterial biofilm accumulated in the gingival crev-
ice [6]. These cells secrete a number of proinflammatory cyto-
kines, mainly IL-1B and TNF-a, as well as metalloproteinases
(MMP), mainly MMP-8, resistin, and YKL-40 [7-10]. The release
of these cytokines at the site of periodontal infection causes
breakdown of collagen fibers of the periodontal ligament, for-
mation and deepening of the periodontal socket, resorption of
alveolar bone and, consequently, progressive loss of connec-
tive tissue attachment [5]. Clinically, periodontitis results in a
higher percentage of gum swelling and bleeding, increased
tooth mobility, and, ultimately, loss of teeth [11]. Loss of den-
tition affects the ability to chew food and, consequently, eat-
ing habits and nutrient intake [12].

In diabetic patients, periodontal disease occurs more frequent-
ly than in the general population, and the described changes
develop faster and with greater intensity compared to patients
without diabetes [5,13]. This is due, in part, to the impaired bac-
tericidal functions of polymorphonuclear leukocytes, and in par-
ticular their reduced chemotaxic and phagocytic capacity [14].
The inflammatory response to bacterial plaque build-up occurs
earlier and is usually more severe [15]; in patients with T1D,
monocytes produce more proinflammatory cytokines than in
patients without diabetes [16], and their elevated level can be
measured in gingival crevicular fluid (GCF) [17]. The processes
of tooth suspension apparatus destruction in diabetic patients
are also associated with faster collagen degradation caused
by a higher concentration of matrix metalloproteinases [18].

In many patients, long-term T1D leads to impaired renal func-
tion and, consequently, need for dialysis treatment [2,19].
Regardless of the cause of renal failure, periodontal disease
occurs more frequently and with greater intensity in dialysis
patients [20,21].

As in diabetes, the development of periodontitis in patients
with end-stage renal disease (ESRD) is favored by an impaired
immune system response against pathogens, and by systemic
inflammation [21]. Patients on dialysis are more likely to have
dry mouth, which leads to increased accumulation of dental
plaque [22]. Also, renal osteodystrophy, which occurs in dial-
ysis patients, leads to atrophy of the alveolar bone and thus
contributes to damage of the tooth suspension apparatus [23].
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Kidney transplantation is the treatment of choice in dialysis
patients, and in patients with ESRD in the course of T1D it
can be supplemented with pancreatic transplantation [24-26].

Patients after pancreas and kidney transplantation tend to have
slowing of the process of coronary and intracerebral arteries
damage, improvement in lipid profile [27], partial improvement
in polyneuropathy [28], stabilization of retinopathy [29], and a
marked improvement in quality of life [30] compared to T1D
kidney recipients. In patients undergoing simultaneous pan-
creas-kidney transplantation (SPK), an improvement in some
parameters of the oral cavity, such as salivation and the in-
cidence of fungal infections, was observed compared to pa-
tients with T1D after kidney transplantation [31].

Bearing in mind the above-mentioned facts, one can expect
that the normoglycemia achieved by pancreas transplantation
will also lead to a reduction in severity of the inflammatory
process in periodontal tissues and, consequently, improvement
in the periodontium morphology.

The aim of the present study was to analyze the intensity of
pathological lesions within the periodontium and the concen-
tration of inflammation markers in gingival crevicular fluid in
type 1 diabetic patients after kidney or pancreas and kidney
transplantation.

Material and Methods

Study Groups

Two groups of patients with ESRD caused by long-lasting T1D
(diagnosed in childhood or adolescence) were enrolled into
the study [31]:

— After successful simultaneous pancreas-kidney transplanta-
tion (without insulin or oral hypoglycemic drugs treatment;
SPK, N=20) and

— After kidney transplantation (also patients after SPK who
lost a pancreatic graft at least 1 year before the study; KT,
N=16).

The control group consisted of 15 patients with ESRD without
diabetes mellitus as a cause of kidney disease or new-onset di-
abetes mellitus after transplantation. The minimal post-trans-
plant follow-up period was 12 months. The matching proce-
dure included recipient sex, age at the time of transplantation
and at the time of study, duration of dialysis vintage, and body
mass index (BMI). All organs for transplantation were procured
from deceased, brain-dead donors.

Transplanted kidneys were placed extraperitoneally in the iliac
fossa with standard anastomosis of graft vessels and ureter.
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Simultaneously, the transplanted pancreas was procured from
the same kidney donor and it was placed intraperitoneal-
ly with blood supply from the donor common iliac artery, ve-
nous blood drainage into the vena cava inferior, and pancre-
atic juice drainage into the loop of the jejunum.

We excluded patients with a pre-emptive, living-donor, or
second/third KTx, with significantly impaired kidney graft
function (estimated glomerular filtration rate [eGFR] <30
ml/min/1.73 m?), bacterial infection within 1 month before the
study, diagnosis of cancer or liver cirrhosis, and noncompliance.
Also, patients after SPK who lost pancreatic graft function less
than 1 year prior to the study were not included.

The exclusion criteria concerning the oral cavity included num-
ber of teeth less than 8, prosthetic restoration, oral mucosa
lesions outside the marginal gingiva, precancerous and can-
cerous lesions, and pathological lesions in the maxillary/man-
dibular bone other than periodontal disease confirmed by ra-
diological examination.

Clinical data and results of blood tests came from a Kidney
Transplantation Database maintained by the transplant cen-
ter in Katowice, Poland.

The comparative analysis of clinical parameters included
sex, age at the time of transplantation and at the time of
study, BMI, T1D duration (at the time of study and total), di-
alysis vintage and follow-up period, and medication with
immunosuppressive agents such as calcineurin inhibitors
(Tacrolimus or Cyclosporine A), antimetabolites (Mofetil/
Sodium Mycophenolate or Azathioprine), and steroids, blood
glycated hemoglobin concentration (HbA1c), serum creatinine
concentrations, and eGFR values calculated using the MDRD
(Modification of Diet in Renal Disease) short formula.

Periodontal Lesions Assessment

Periodontal clinical parameters measured in all teeth, mea-

sured with the UNC 15 periodontal probe (American Eagle

Instruments, Inc., Missoula, MT, USA), were determined in all

enrolled patients.

—Pocket depth (PD), measured in 6 places: on the buccal sur-
face (distal, medial, mesial) and on the lingual surface (dis-
tal, medial, mesial). The greatest depth of the periodontal
pocket of a given tooth (in mm) was taken into account in
the statistical analysis [32].

— Clinical attachment loss (CAL), measured in 6 places from
the bottom of the gingival pocket to the cemento-enamel
junction: on the buccal surface (distal, medial, mesial) and
on the lingual surface (distal, medial, mesial). The greatest
loss of connective tissue attachment of a given tooth (in
mm) was taken into account in the statistical analysis [32].
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- Modified Sulcus Bleeding Index (mSBI), which is the percent-
age of gingival bleeding sites on probing [33]. The mSBI in-
dex is assessed in quadrants, determining the presence or
absence of bleeding localized in proximal contacts (in | and
Il quadrants the index is assessed from the vestibular side,
and in Il and IV quadrants the index is assessed from the
palatal/lingual side). mSBI is an index reflecting the extent
of the inflammatory process in periodontal tissues, and its
value is given as a percentage.

The mobility of the teeth was assessed in all patients using
the Periotest device (Periotest Medizintechnik Gulden e. K,
Modautal, Germany). The Periotest device is placed horizon-
tally at a distance of 0.6-2.0 mm from the tooth surface. With
each measurement, the device performs 16 blows per tooth
within 4 s.

The contact time of the accelerated head, moving along the
impact path, with the tooth is converted into the Periotest
value (PTV). The obtained results are displayed on the screen
of the device. The Periotest value range is -8 to +50. The low-
er the value, the higher the stabilization of the tested object.
Periotest values correlate with the four-level classification of
tooth mobility according to Miller. The scale correlates with
Miller’s index, with Periotest value (PTV) -8 to +9 being no
movement distinguishable, PTV +10 to +19 first distinguish-
able sign of mobility, PTV +20 to +29 crown deviates within
1 mm of its normal position, and PTV +30 to +50 mobility is
easily noticeable [34].

Subsequently, the volume of gingival cervicular fluid (GCF)
was measured using the Periotron 8000° device (Pro-Flow Inc,
Amityville, NY, USA). The volume in each patient was measured
twice in the deepest gingival pocket. The GCF was collected by
inserting Periopaper paper strips (OraFlow, Inc, Hewlett, NY,
USA) into the periodontal pocket to 1 mm depth without sa-
liva and blood contamination. The strips were left in situ for
30 s and then transferred for volume determination with an
electronic device (Periotron 8000). The readings were convert-
ed to actual volume (ul) by reference to the standard curve.

Analysis of the Concentration of Inflammatory Markers in
Gingival Crevicular Fluid.

To assess the concentration of inflammatory markers in the
gingival crevicular fluid, immediately after reading the GFC vol-
ume, the absorption strips were placed in an Eppendorf tube
with 100 pl phosphate-buffered saline (PBS, pH 7.2). The lig-
uid from the strips was eluted using a refrigerated centrifuge
(10 min, 10 000 g at 4°C), and the strips from the obtained
samples were removed. The samples prepared in this way
were encoded and stored at -70°C for further analysis [35,36].
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The concentration of analyzed biochemical parameters in gingi-
val crevicular fluid was determined by the enzyme immunoas-
say method (interleukin-1B [IL-1B], matrix metalloproteinase-8
[MMP-8], and resistin using BioVendor — Laboratorni medicina
a.s., Czechia test, cat. No. RD 194559200R, RD 191016100, and
RD 191016100); tumor necrosis factor-a. (TNF-o) using Thermo
Fisher Scientific, USA, test (cat. No. BMS223HS); and YKL40 using
YKL40 ELISA kit, QUIDEL, Quidel Corporation, OH, USA (test cat.
No. 088337) according to the manufacturer’s instructions. To de-
termine the concentrations of the samples tested, a calibration
curve was prepared using the standards contained in the kit.

Absorbance readings were performed using the Universal
Microplate Spectrophotometry pQUANT BIO-TEK INC device
(Bio-Tek World Headquarters, CA, USA): for IL-13, MMP-8,
and resistin at 450 nm and 630 nm reference wavelength;
for TNF-o at 450 and 610 nm reference wavelength; and for
YKL40 at 570 nm wavelength. The results were processed us-
ing the KCJunior computer program (KC Junior v1.41.8, Bio-Tek
Instruments, Winooski, VT, USA).

The sensitivity of the set, intra-assay variation, and inter-as-
say variation were: for IL-1f — 0.4 pg/ml, 4.2% and 6.7%; for
an MMP-8 - 0.025 ng/ml, 3.6%, and 8.1%; for resistin — 0.012
ng/ml, 5.2%, and 7.0%; for TNF-a. — 0.13 pg/ml, 8.5%, and
9.8%; and for YKL40 — 0.4 pg/ml, 7.1%, and 8.4%, respectively.

This study is a part of the research project: “Evaluation of the
oral status, oral hygiene, and clinical periodontal indicators,
including saliva parameters and mycological examination, in
long-term follow-up of patients with end-stage renal desease
in the course of type 1 diabetes after simultaneous kidney
and pancreas transplantation in comparison with patients af-
ter kidney transplantation” [31].

The study protocol was approved by Bioethics Committee
of the Medical University of Silesia in Katowice (KNW/0022/
KB1/105/18), and each participant gave informed consent.

Statistical Analysis

As previously described, nominal and ordinal data are ex-
pressed as percentages, while interval data are expressed as
meanzstandard deviation in the case of normal distribution or
as median (lower quartile-upper quartile) in the case of data
with skewed or non-normal distribution [31]. Nominal and or-
dinal data are presented as counts and rates.

The Shapiro-Wilk test and a quantile-quantile plot were used
to estimate distribution of variables. Interval data with nor-
mal distribution are presented as meantstandard deviation,
and these with skewed or non-normal distribution as median
(lower and upper quartiles).
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The t test was applied for comparison between 2 independent
groups with normal data distribution, and the Mann-Whitney
U test was used in other cases.

One-way ANOVA with Tukey’s post hoc test was applied to eval-
uate the relationships among 3 groups with normal data dis-
tribution, and Kruskal-Wallis one-way ANOVA and the median
test as post hoc test were used in other cases. Homogeneity
of variances was checked with the Fisher-Snedecor F test and
Levene test. The x? test or the ? test with Yates’s correction
was applied to compare the data in ordinal and nominal scales.

Stepwise backward linear regression was used to assess corre-
lations between clinical and biochemical parameters. The as-
sociations between variables were assessed with the Pearson
or Spearman correlation coefficient, respectively. All tests were
two-tailed.

P values <0.05 were considered as statistically significant. All

calculations were done using Statistica 13.3 software (Tibco,
Inc, Palo Alto, CA, USA).

Results

Clinical and Biochemical Characteristics, and
Immunosuppressive Treatment

As assumed, the analyzed groups of patients did not differ
in terms of sex (P=0.41), age at the time of transplantation
(P=0.21), or at the time of study (P=0.46), BMI (P=0.19), rate
of overweight patients (P=0.19), and duration of dialysis ther-
apy prior to transplantation (P=0.58) (Table 1).

The duration of diabetes prior to transplantation was 4.5 years
longer in the SPK group compared to the KTx group (P<0.05),
but the duration of exposure in patients with diabetes at the
time of the study (total diabetes duration) was shorter in the
SPK group compared to the KTx group as a consequence of
normalization of glucose metabolism confirmed by measure-
ment of HbA1lc in blood after successful pancreas transplan-
tation (P<0.05).

The follow-up duration after transplantation was similar in
SPK and KTx groups, and was only longer in the control group
compared to the SPK group (P<0.05).

Analyzed groups of patients did not differ as regards kidney
graft function, and in terms of immunosuppressive treatment,
only patients in the control group presented lower rates of ta-
crolimus administration (P<0.05) (Table 1).
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Table 1. Clinical characteristics, biochemical parameters, and immunosuppressive treatment in type 1 diabetic patients after
simultaneous pancreas and kidney transplantation (SPK) or kidney transplantation (KTx), and control group (numbers and
rates or mean+SD or median and IQR).

Sex (Male) [N (%)] 8 (40.0%) 9 (56.3%) 5 (33.3%) 0.41
 Ageatthetimeof Txlyears) 386 se2 31 021
 Ageatthe time of study [years] a6 w2 13 046
 Diabetes duration - prior to Tx [years] - 271454 2567 - 0os
 Diabetes duration —total [years]  265(240310) 320290350 -~ - w0os
| Dialysisvintage[months] 2401453200  180(125250) 180 (150300) 058
 follow-up after Tx [months] 840* (420-1020) 960 (480-1560) 1320 (96.0-1560) <005
T 2313358 8721509 5561317 019
 Overweight patients [N (%)] BMI >25 kg/m?) 6(00% 6G75% 9600% 019
Serum creatinine [ymoll] 891 (723-1068) 1065 (834-1808) 1281 (852-1554) <005
 Patients with eGFR >60 mU/min/1L73 m* [N ()] 14 (700%) 6@9% 5G57% 010
| Glycated hemoglobin [%]  530(512567) 713631772 -~ - w0001
TacolmusiNGO] 19 @500 1250w 8(57.1% ©0os
. Mofetilmycophenolate N (6] 20 1000% 16 (10000%) 1 gsew
CsteoidsiNGO] 7G50% 7@8%) a086%) 068

Tx — transplantation; BMI — body mass index; eGFR — estimated glomerular filtration rate. * SPK vs control P<0.05, ** SPK vs control

P<0.01.

Selected Parameters of Periodontal Lesions

Maximal clinical attachment loss, maximal pocket depth, and
tooth mobility presented as Periotest values were higher in both
groups of diabetic recipients compared to the control group
(P<0.001, P<0.001, P<0.05, P<0.01), and did not differ between
SPK and KTx groups (P=1.00, P=1.00, P=0.99) (Table 2, Figure 1).

Interestingly, there was no significant difference in modified
Sulcus Bleeding Index and gingival crevicular fluid volume
between the SPK group and control group (P=0.67, P=0.38),
whereas the values of these parameters in the KTx group were
higher, not only than in the control group (P<0.01, P<0.01), but
also in the SPK group (SPK vs KTx only a tendency in statisti-
cal significance in modified Sulcus Bleeding Index) (P=0.09).

Concentration of Analyzed Parameters in Gingival
Crevicular Fluid

The concentration of all analyzed inflammation markers was
lower in the SPK group than in the group of T1D patients af-
ter KTx (P<0.001) (Table 2, Figure 2).
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The level of all the markers in the KTx group was higher than
in the control group, whereas in the SPK group concentrations
of some analyzed markers were also higher, and the others
were comparable to controls (Table 2).

Sub-Analysis of Type 1 Diabetic Patients

In the combined group of T1D patients after SPK or KTx, uni-
variate analysis revealed that gingival crevicular fluid volume
was correlated with blood HbA1c (8=0.340, P<0.05) and serum
creatinine concentration (B=0.346, P<0.05), the value of mod-
ified Sulcus Bleeding Index was correlated with blood HbA1c
(B=0.439, P<0.05), and maximal clinical attachment loss and
tooth mobility was correlated with patient age at the time of
study (B=0.348, P<0.05) (Table 3).

The same analysis also revealed that blood HbA1c was corre-
lated with concentration of a row of inflammatory markers (re-
sistin, TNFa: [B=0.340, p<0.05], and YKL40 [B=0.475, P<0.05])
measured in GCF, and some of them were also influenced by
total diabetes duration ([TNFo [p=0.335, P<0.05] and YKL40
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Table 2. Comparison of selected parameters concerning periodontal lesions and concentration of analyzed inflammatory markers in
gingival crevicular fluid between the groups of type 1 diabetic patients after simultaneous pancreas-kidney transplantation
(SPK) or kidney transplantation (KTx) and control group (numbers and rates or mean+SD or median and IQR).

Periodontal lesions parameters

Maximal pocket depth

(mm] 2.68 (2.26-3.69)

2.55 (2.14-3.39)

Maximal clinical
attachment loss [mm]

Modified Sulcus
Bleeding Index [%]

Tooth mobility
[periotest value]

Gingival crevicular fluid

.37+0.
volume [U] e

0.53+0.26

Concentration of inflammatory markers in gingival crevicular fluid

IL-1b [pg/mL] 26.03+7.56 39.44+11.16
MMP-8 [ng/mL] 2.48+0.80 3.85+1.16
Resistin [ng/mL] 22.81+3.92 31.22+6.49

YKL40 [pg/mL] 524.1+117.4 728.1+111.5

1.57 (1.00-1.96)  <0.001 1.00 <0.001 <0.001
0.55 (0.15-0.81)  <0.001 0.85 <0.001 <0.001
17.0 (13.0-22.0)  <0.01 0.09 <0.01 0.67
1.78 (1.36-2.20)  <0.01 0.99 <0.05 <0.01
0.29+0.12 <0.01 <0.05 <0.01 0.38
18.82+9.41 <0.001 <0.001 0.10 <0.001
2.00+0.89 <0.001 <0.001 0.36 <0.001
12.81+3.82 <0.001 <0.001 <0.001 <0.001
1.68 (1.49-1.94)  <0.001 <0.01 0.54 <0.001
341.4+66.2 <0.001 <0.001 <0.001 <0.001

IL-1B — interleukin-1p; MMP-8 — matrix metalloproteinase-8; TNF-o. — tumor necrosis factor-o.

[B=0.471, p<0.05]) and serum creatinine concentration (YKL40)
(B=0.298, P<0.05) (Table 3).

We also found that resistin concentration in GCF was corre-
lated with modified Sulcus Bleeding Index (B=0.394, P<0.05,
Figure 3), but there were no other correlations between peri-
odontal parameters and concentration of analyzed markers in
GCF in the combined group of patients with ESRD in the course
of T1D after SPK or KTx.

The multivariable stepwise best model analysis included the
following independent factors: SPK group, log,, of total dia-
betes duration, age at the time of study, log,, blood HbAlc
level, and serum creatinine concentration, as well as TNF-q,
IL-1B, MMP-8, resistin, and YKL40 concentrations in gingival
crevicular fluid, showing that high resistin level was associat-
ed with a higher modified Sulcus Bleeding Index (B=1.9622;
95% Cl: 0.4369-3.4876; P<0.05).

The analysis confirmed also association of age at the time of
study with log,  of tooth mobility (3=0.0153; 95% Cl: 0.0049-
0.0257; P<0.01) and with log,, of maximal clinical attachment
loss (B=0.0125; 95% Cl: 0.0067-0.0182; P<0.001).
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Discussion

The most important finding in our study is that, in kidney re-
cipients with T1D who successfully underwent simultaneous
pancreas transplantation, lower concentration of resistin in GCF
was associated with the severity of inflammation in periodontal
tissue, expressed by decreased modified Sulcus Bleeding Index.

Diabetic patients with uncontrolled glycemia, including these
with T1D, present features of intense periodontal inflamma-
tion with severe morphological changes, which can be con-
firmed by clinical examination. Two tests that can be applied
in diagnosis of periodontitis or to determine the severity of
periodontal inflammation are the modified Sulcus Bleeding
Index (mSBI), which gives the rate of gingival bleeding sites
during probing [33], and measurement of GCF volume, which
increases with the increase of blood vessel walls permeabil-
ity as a consequence of inflammatory mediator activity [37].

Our study revealed that the values of these parameters were
comparable in patients after SPK and in controls, and lower
than in patients with T1D after kidney transplantation. In T1D
kidney recipients, these parameters were 2-4 times higher than
in the control group. Moreover, univariate regression analysis
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Figure 1. The box-plots of selected parameters of periodontal lesions in analyzed groups. Statistica 13.3 (TIBCO Software Inc., Palo

Alto, CA, USA).

showed a positive relationship between blood HbA1c concen-
tration and the mSBI and GCF volume, wherein these relation-
ships were not confirmed in multivariate regression analysis.

It is difficult to compare our results to the literature data due
to the lack of studies on periodontal pathology in patients af-
ter pancreas transplantation. However, there are sparse re-
ports confirming the differences in the scope of the analyzed
clinical parameters between diabetic patients with adequate
and poor glycemic control. Meenwat et al, comparing diabet-
ic patients with poor and acceptable (moderate or good) gly-
cemic control, found significant differences in gingival index,
which corresponded to the mSBI index, in favor of those with
normal glycaemia [38]. Lim et al revealed that subjects with
acceptable glycemic control (HbAlc <8%) were characterized
by lower percentage of sites with bleeding on probing, a pa-
rameter similar to mSBI, compared to subjects with insuffi-
cient glycemic control [39]. Also, Marinho et al showed that
GFC volume was higher in patients with T2D and periodontal
disease compared to healthy patients [40]. Of note, contrary

This work is licensed under Creative Common Attribution-
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to previous reports, Engebretson et al did not show a signif-
icant relationship between GFC volume and diabetes, but in
their study the GFC volume was lower in diabetic patients com-
pared to non-diabetics [41].

Severity of the inflammatory process in the periodontium can
by confirmed not only with instrumental measurements, but
also with biochemical analysis of GCF samples [5,17]. Being
a vascular filtrate, GCF reflects the intensity of the response
of periodontal cells and tissues aiming to regain homeosta-
sis by not only increasing its volume, but also in changes of
its composition, particularly the concentration of inflammato-
ry mediators [42,43].

In the studies of Yiicel et al [44] and Goutoudi et al [45], patients
with periodontitis had a significantly higher total amount of
IL-1B in their GFC compared to the control group without peri-
odontitis. McCrudden et al showed significantly higher MMP-8
activity in GFC from sites with periodontal disease compared
to healthy sites that showed basal or no MMP-8 activity [46].
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Figure 2. Box-plots of selected inflammation markers in analyzed groups. Statistica 13.3 (TIBCO Software, Inc., Palo Alto, CA, USA).

Mittal et al found that the level of resistin in GCF was high
in patients with periodontal disease and low in healthy pa-
tients [47]. Heralgi et al observed that patients with periodonti-
tis had higher mean TNF-a levels in GFC compared to a healthy
group [48]. In a study by Kranti et al, the mean amount of YKL-
40 in the GCF samples from the sites of chronic periodonti-
tis was about 4.5 times higher than in the healthy sites [49].

In our study, the improvement in clinical parameters was to
some degree confirmed by results of biochemical analysis of
GCF. In the SPK group, lower values of all analyzed markers in
GCF were observed compared to the KTx group, and in some
of them they were comparable to non-diabetic kidney recip-
ients. As in the case of the clinical parameters, the results of
the biochemical analysis can only be related to studies on in-
flammatory markers concentrations in GCF in diabetic patients
with well-controlled or uncontrolled glycemia. Engebretson et
al showed that patients with HbA1lc above 8% had significantly
higher levels of IL-1B in GCF compared to patients with HbAlc
below 8% [50]. In a study by Kranti et al, T2D patients with
periodontitis showed almost 2 times higher levels of YKL-40
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in GCF samples from sites of chronic periodontitis compared
to patients with periodontitis only [49]. On the contrary, Longo
et al observed no differences in TNF-a. concentrations in GCF in
patients with periodontitis and without T2D, with T2DM with
adequate glycemic control, and with T2DM with inadequate
glycemic control [51].

The univariate regression analysis conducted in our study re-
vealed a relationship between blood HbA1c level and concen-
tration of several markers of inflammation measured in GCF:
resistin, TNF-o,, and YKL-40. A similar correlation was observed
in a multistage regression analysis by Gokhale et al, who dem-
onstrated the relationship between resistin concentration in
GCF and HbA1c combined group of healthy patients, patients
with periodontal disease, patients with T2D, and patients with
T2D and periodontal disease [52]. The results of this study are
also confirmed by Chang-chun et al, who proved that IL-1 lev-
el in GCF was correlated with blood HbA1c [53].

The only significant relationship between clinical parame-
ters and concentration of inflammatory markers measured in
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Table 3. Univariate regression analysis between clinical and biochemical parameters, periodontal parameters, and concentration of
inflammatory markers in gingival crevicular fluid in combined group of patients with ESRD in course of T1D after SPK or KTx
(Pearson r or Spearman r correlation coefficients are shown).

Creatinine

Total diabetes
duration

Glycated Age at the

(log)
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© Max clinical attachment loss (o) 0133
© Modified Sulcus Bleeding Index 0135
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Clinical and biochemical parameters vs concentration of analysed markers in gingival crevicular fluid

IL-1B 0.036
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GCF, confirmed in both univariate and multivariate regression
analysis, was the correlation between levels of resistin in GCF
and mSBI. The finding is comparable to other authors’ obser-
vations, who analyzed the relationship between the clinical
parameters of periodontitis and the concentration of inflam-
matory markers in GCF. Perozini et al observed a correlation
between concentration of IL-1B and volume of GCF in patients
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without diabetes [54]. Zhang et al showed a correlation be-
tween volume of GCF and concentration of TNF-o in GCF in
patients with periodontal disease but without diabetes [55].
Kido et al revealed a correlation between the level of YKL-40
in GCF and the gingival index, which describes inflammation
and corresponds to the mSBI index in diabetic patients with
periodontal disease [56]. Also, in the study of Hiroshima et al,
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the level of resistin in GFC was correlated with the value of
the gingival index [57].

Since GCF is a blood filtrate [8] and blood HbA1c concentra-
tion correlates with the severity of systemic inflammation [58]
and in patients undergoing pancreas transplantation [59,60],
it may be speculated that the local improvement obtained is
a consequence of improvement in the severity of the system-
ic inflammation after pancreas transplantation.

The observed beneficial profile of analyzed biochemical pa-
rameters in GCF, and reduced inflammatory status in our SPK
group, were not directly related to the improvement of clinical
parameters reflecting morphological destruction of the peri-
odontium, as indicated by assessment of pocket depth, clini-
cal attachment loss, and tooth mobility.

In studies by other authors, such differences have been ob-
served in patients with diabetes with or without good met-
abolic control of the disease. Meenwat et al, comparing pa-
tients with T1D with poor metabolic control of the disease
with those with moderate or good control, found differences in
pocket depth and clinical attachment loss in favor of patients
with normal glycemia [38]. Demmer et al observed that uncon-
trolled T1D and T2D was associated with the progression of
clinical attachment loss [61]. Lim et al revealed that subjects
with acceptable glycemic control (HbAlc <8%) had a lower
rate of sites with pocket depths >5 mm compared to subjects
with insufficient glycemic control [39]. The only analysis con-
firming our results is the study of Longo et al, who observed
similar depths of periodontal pockets in patients with peri-
odontal disease and in those with T2D and without T2D [51].

The differences between our observations in the field of peri-
odontal morphology and the results of other studies can be
explained by the irreversible nature of destructive changes in
the periodontium, which result from long-term exposure of
tissue to the chronic diabetes milieu, despite decreased in-
flammatory status achieved by normoglycemia in patients
with T1D after SPK. This situation can be compared to calcifi-
cation of the arterial walls in patients with long-term T1D, in
whom, after pancreas transplantation, the intensity of chang-
es reflected by measurements of intima-media thickness and
pulse wave velocity was comparable to those treated with in-
sulin or only slightly improved [62,63]. However, improvement
in fields such as cardiovascular diseases is noticeable only af-
ter many years, and perhaps also in the field of periodontal
diseases it will be apparent later [23,64].

The observed lack of beneficial effects in the aforementioned
clinical parameters after pancreas transplantation and the
differences between kidney or kidney and pancreas recipi-
ents and the group of kidney recipients without diabetes also
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have significant clinical implications. Bearing in mind our pre-
vious observations of the irreversibility of a number of oral
pathologies resulting from long-term diabetes [31], it can be
concluded that the group of patients with ESRD in the course
of T1D after SPK or KTx requires special supervision in post-
transplant care of the oral cavity, regardless of the effective-
ness of pancreatic transplantation. In addition, because there
is a two-way relationship between diabetes and periodonti-
tis, in which uncontrolled or poorly controlled diabetes predis-
poses to periodontal disease, and this negatively affects gly-
cemic control [5], in T1D patients who have only had a kidney
transplant or have lost pancreatic transplant function after
SPK, appropriate treatment of periodontal disease can help
to control diabetes.

Finally, it should be considered that some factors unexplored
by us, like the use of different brushing techniques [65], so-
lutions [66], probiotics [67], or natural compounds [68], can
have a significant influence on the oral environment and mod-
ify clinical parameters in periodontal patients. These factors
could have also affected the present results and should be
considered in future clinical trials.

The present study has several limitations, including its cross-
sectional design, relatively small study groups (which preclud-
ed the possibility sample size calculation), and longer T1D du-
ration before transplantation in the SPK group.

Actually, in our analysis, the value of any analyzed clinical pa-
rameters did not correlate with the overall duration of dia-
betes, but the lack of this correlation could be caused by the
longer duration of diabetes before transplantation and, con-
sequently, a greater severity of irreversible changes in the SPK
group. An attempt to select compatible groups in terms of this
parameter would have resulted in a further reduction of the
number of analyzed patients, which would have affected the
results of statistical analysis.

Additionally, we did not consider the concentrations of ana-
lyzed markers in plasma. Since elevated plasma resistin level
was reported in patients with periodontitis by Furugen et al
[69] and Saito et al [70], analysis of the correlation between
plasma and GCF concentration in the analyzed inflammatory
parameters elucidate the etiology of this abnormality.

Conclusions

Patients with end-stage renal disease caused by type 1 diabe-
tes after simultaneous pancreas and kidney transplantation had
lower levels of selected biochemical markers of inflammation
in gingival crevicular fluid and had reduced intensity of peri-
odontitis compared to kidney recipients treated with insulin.
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The severity of morphological changes in the periodontium
in patients with type 1 diabetes after kidney or pancreas and
kidney transplantation is higher than in non-diabetic kidney
recipients.
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