Original Article m KIDNEY RESEARCH

Kidney Res Clin Pract 2022;41(1):114-123 Chackifoy AND
PISSN: 2211-9132 e eISSN: 2211-9140 — CI-INICAI- PRACTICE

https://doi.org/10.23876/j.krcp.21.097

The effect of periodontitis on recipient outcomes after
kidney transplantation

Hyeon-Jin Min*, Jung-Soo Park’, Jaeseok Yang’, Jihyun Yang", Se Won Oh*, Sang-Kyung Jo*, Won Yong Cho",
Jun Gyo Gwon*, Cheol Woong Jung®, Yang-Jo Seol’, Shin-Young Park®, Myung-Gyu Kim*

*Division of Nephrology, Department of Internal Medicine, Korea University Anam Hospital, Seoul, Republic of Korea
’Department of Periodontology, Korea University Anam Hospital, Seoul, Republic of Korea

3 Transplantation Center, Seoul National University Hospital, Seoul, Republic of Korea

*Department of Surgery, Korea University Anam Hospital, Seoul, Republic of Korea

*Department of Periodontology, Dental Research Institute, School of Dentistry, Seoul National University, Seoul, Republic of Korea
°Department of Dentistry, Seoul National Dental Hospital, Seoul, Republic of Korea

Background: Recent several reports have demonstrated that periodontitis is prevalent and adversely affects the survival in patients
with chronic kidney disease (CKD) or end-stage kidney disease. However, its impact on transplant outcomes remains uncertain.
Methods: This retrospective cohort study included 136 and 167 patients, respectively, who underwent living donor kidney transplan-
tation (KT) at Seoul National University Hospital from July 2012 to August 2016 and Korea University Hospital from April 2008 to Oc-
tober 2018. We divided patients into three groups according to stages of periodontitis based on a new classification system.

Results: Patients with severe periodontitis were older, had a higher prevalence of diabetes, a higher body mass index and C-reactive
protein level, a lower cardiac output, and were more likely to be smokers, indicating its association with chronic systemic inflamma-
tion. After KT, stage IV periodontitis was independently associated with a lower incidence of acute T cell-mediated rejection, suggest-
ing the possible effect of periodontitis on immune function. However, 1-year and 3-year estimated glomerular filtration rates were not
different. Among the KT recipients followed up more than 3 years, new-onset cardiovascular disease occurred in nine patients, and
coronary artery disease occurred more frequently in patients with stage IV periodontitis. However, diabetes was the independent pre-
dictor of new-onset coronary artery disease in multivariate logistic regression analysis.

Conclusion: Our findings showed that periodontitis might be an important player in determining posttransplant outcomes in recipi-
ents. Further interventional trials to test whether treating periodontitis could modify transplant outcome are needed.
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Introduction

Periodontitis, an inflammatory condition that affects the
tissues around teeth, is one of the most common oral dis-
eases, and severe periodontal inflammation can damage
soft tissues and destroy the bones that support the teeth
[1]. Moreover, periodontitis is associated not only with oral
health but also with the development and exacerbation of
various systemic diseases [2]. Recent studies have shown
that periodontitis is common in patients with advanced
chronic kidney disease (CKD) and contributes to systemic
inflammation, infection, malnutrition, and atherosclerotic
disease, which can increase morbidity and mortality in
CKD [3-6].

As in patients with CKD, periodontitis may be an import-
ant factor that affects graft function and recipient outcomes
in kidney transplantation (KT) patients. Long-term im-
munosuppression of KT recipients is a major factor in the
development of posttransplant complications, including
new metabolic burdens, cardiovascular disease (CVD), in-
fections, and malignancies. Poor oral health also can affect
chronic inflammation, immune function, and metabolic
complications, so it may play an important role in recipient
outcomes. Previous studies of KT recipients have shown
that periodontitis can be associated with high levels of in-
flammatory markers such as C-reactive protein (CRP) and
interleukin-6 and negatively affect graft function [7]. How-
ever, most studies included fewer than 100 patients, and
each study produced conflicting results regarding post-KT
complications.

Because oral health affects systemic health and has been
proposed as a possible target for the treatment of various
systemic diseases [8], it is important to determine the im-
pact of oral diseases on grafts and systemic health of KT
recipients. The aim of this study, therefore, was to examine
whether periodontitis before KT affects posttransplant out-
comes.

Methods
Study design and patients
This was a retrospective cohort study including adolescent

and adult patients aged 16 to 68 years who underwent
living donor KT in two tertiary medical hospitals (Korea

University Anam Hospital and Seoul National University
Hospital in Seoul, Republic of Korea). We included 136
patients who received KT from July 2012 to August 2016 at
Seoul National University Hospital and 167 patients who
received KT from April 2008 to October 2018 at Korea Uni-
versity Hospital. The study protocol was approved before
study initiation by the Institutional Review Boards (IRBs) of
Korea University Anam Hospital (No. K2018-2287-001) and
Seoul National University Hospital (No. H-1904-142-1029)
and was conducted according to the Declaration of Hel-
sinki guidelines. IRBs waived the need to obtain informed
consent because the study was retrospective and required
no deviation from routine medical practice.

Demographic data (sex, age, smoking history) and clini-
cal features (comorbidities, body mass index [BMI], cause
of the end-stage kidney disease (ESKD), renal replacement
therapy and laboratory data, including creatinine, hemo-
globin, albumin, CRP (10 x high sensitivity CRP [hsCRP];
hsCRP of Seoul National University Hospital converted to
CRP of Korea University Medical Center with s conversion
factor by Milone et al. [9]), lipid profile, calcium, and phos-
phate, among others) were obtained from the electronic
medical records system. Panoramic X-ray was performed
for pre-KT dental examination and analyzed retrospective-
ly by two periodontists for periodontal grading according
to the new classification of periodontal diseases developed
in 2017 by Tonetti et al. [10]. Radiographic alveolar bone
loss and tooth loss were primarily used to assess the sever-
ity of periodontitis and determine the stage of individual
periodontitis.

Allograft function was assessed at 1, 12, and 36 months
using the serum creatinine concentration and glomeru-
lar filtration rate (GFR), which was calculated using the
Modification of Diet in Renal Disease Study (MDRD) GFR
equations. A kidney biopsy was performed to assess the
cause of acute kidney injury, and rejection was diagnosed
based on histologic examination and classified into acute
antibody-mediated rejection (AMR), acute T cell-mediated
rejection (ATMR) by Banff 2017 classifications. Bacterial in-
fection was defined based on hospitalization and antibiotic
administration, and BK and cytomegalovirus (CMV) vire-
mia were evaluated. CVD included cerebrovascular disease
and acute coronary artery disease defined as new-onset
unstable angina or acute myocardial infarction.
Immunologic characteristics
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Simulect or thymoglobulin was used as an induction
immunosuppressive agent. After induction therapy, the
initial maintenance immunosuppressant was either a tac-
rolimus-based (tacrolimus + mycophenolate, tacrolimus
+ sirolimus, tacrolimus + bredinin) or cyclosporine-based
(cyclosporine + mycophenolate) regimen. Blood concen-
tration of immunosuppressive agent was assayed every vis-
it as routine and adequate doses of calcineurin inhibitors
were adjusted to maintain their reference values.

Statistical analysis

IBM SPSS version 23.0 for Windows (IBM Corp., Armonk,
NY, USA) was used to perform statistical analyses. Categor-
ical variables were analyzed using the linear by linear test.
Summaries of the continuous variables are expressed as
median and standard deviation. The analysis of variance
was used to analyze continuous variables. Multivariate lo-
gistic regression analyses were performed to evaluate the
effect of multiple independent predictors. In this model,
a backward stepwise selection approach was adopted. A
two-tailed p-value of <0.05 was considered statistically sig-
nificant.

Results
Baseline characteristics before kidney transplantation

During the study period, a total of 303 recipients who un-
derwent pre-KT dental examinations were included. Pa-
tients were divided into three groups according to the stage
of periodontitis: mild, stage I and II (n = 160, 52.8%); severe,
stage III (n = 89, 29.4%); and advanced, stage IV (n = 54,
17.8%). The demographic and baseline characteristics of
the 303 patients are listed in Table 1. Of them, 205 patients
(67.7%) were male, and 36 (11.9%) were current smok-
ers. The median age of recipients and donors was 43.97 +
12.28 and 45.86 + 10.92 years, respectively. SSixty patients
(19.8%) had diabetes mellitus, 75 (24.8%) had hyperten-
sion, 85 (28.1%) had glomerulonephritis, and 15 (5.0%) had
polycystic kidney disease as the cause of ESKD. In patients
with stage I and II periodontitis, glomerulonephritis was
the main cause of ESKD, but in patients with stage IV peri-
odontitis, diabetes was the major cause. The most common
form of renal replacement therapy was hemodialysis (n =
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201, 66.3%), and preemptive KT was performed more fre-
quently in patients with mild stage periodontitis. The main
comorbidities of patients with periodontitis before KT were
hypertension (n = 272, 89.8%), following by dyslipidemia
(n =185, 61.1%) and diabetes (n = 73, 24.1%). Patients with
stage III or IV periodontitis were older, had a higher prev-
alence of diabetes, a higher BMI, a lower left ventricular
ejection fraction, a higher CRP level, and were more likely
to be current smokers (Table 1; Supplementary Table 1,
available online). There were no significant differences in
the number of human leukocyte antigen (HLA) mismatch-
es and the use of immunosuppressants between the groups
(Table 2).

Transplant outcomes

Clinical outcomes of patients with periodontitis are shown
in Table 3. During the follow-up period, AMR occurred
in 18 patients, while ATMR or borderline ATMR occurred
in 113 patients, respectively. In multivariate logistic re-
gression analysis, stage IV periodontitis and the number
of HLA mismatches were independent factors associated
with the development of ATMR after KT (Table 4). Sub-
group analysis also showed that an independent effect of
advanced periodontitis on ATMR was observed only in pre-
KT dialysis patients but not in preemptive KT patients (data
not shown). Although the rate of ATMR was

significantly lower in patients with stage IV periodonti-
tis, there were no differences in estimated GFR (eGFR) at
1 month, 1 year, and 3 years or eGFR loss from 1 month
according to different stages of periodontitis (Table 3). In
addition, the degree of periodontitis did not predict graft
failure significantly (Supplementary Fig. 1, available on-
line). Bacterial infections, including pneumonia, urinary
tract infection, and bacteremia, were diagnosed in 71 pa-
tients, and CMV and BK viremia were detected in 43 and
53 patients, respectively. However, there was no significant
difference in the incidence of bacterial infection, CMV and
BK viremia according to different stages of pretransplant
periodontitis (Table 3).

Cardiovascular outcomes were analyzed in patients who
were sufficiently followed up after KT. In the patients with
a follow-up period of 3 years or more, new coronary artery
disease developed in eight patients and cerebrovascular
disease developed in one. Coronary artery disease oc-
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Table 1. Baseline characteristics of recipients with periodontitis before kidney transplantation

Characteristic

Total Stage land |l Stage llI Stage IV p-value
Patient 303 (100) 160 (52.8) 89 (29.4) 54 (17.8)
Age (yr) 4397 +12.28 39.04+1213 4817 +10.46 51.69 +8.50 <0.001
Male sex 205 (67.7) 103 (64.4) 64 (71.9) 38 (70.4) 0.28
Body mass index (kg/m?) 23.28 +3.75 2244 + 3.70 23.74 + 3.24 25.01 +4.02 <0.001
Current smoker 36 (11.9) 14 (8.8) 9(10.1) 13 (24.1) 0.008
Causes of ESKD
Diabetes mellitus 0 (19.8) 18 (11.3) 19 (21.3) 23 (42.6) <0.001
Hypertension 5 (24.8) 30(18.8) 31(34.8) 14 (25.9) 0.08
Glomerulonephritis (28 1) 2 (38.8) 16 (18.0) 7 (13.0) <0.001
Polycystic kidney disease 5 (5.0) 10 (6.3) 5 (5.6) 0(0) 0.10
Others 16 (5.3) 15 (9.4) 0 (0) 1(1.9) 0.005
Unknown 2(17.2) 5 (15.6) 18 (20.2) 9 (16.7) 0.66
Renal replacement therapy
Hemodialysis 201 (66.3) 98 (61.3) 60 (67.4) 43 (79.6) 0.02
Peritoneal dialysis 9 (16.2) 27 (16.9) 17 (19.1) 5(9.3) 0.32
Preemptive 53 (17.5) 35(21.9) 12 (13.5) 6(11.1) 0.04
Dialysis vintage (mo) 1494 +25.80 14.19 +22.87 17.09 +30.33  13.53 +26.02 0.67
Comorbidity
Hypertension 272 (89.8) 143 (89.4) 83(93.3) 46 (85.2) 0.20
Diabetes mellitus 3(24.1) 2(13.8) 25 (28.1) 26 (48.1) <0.001
Dyslipidemia 185 (61.1) 93 (58.1) 54 (60.7) 38(70.4) 0.14
Ejection fraction of heart 57.26 £ 7.19 58.32+6.77 56.35 £ 6.76 55.54 + 8.67 0.02
Laboratory test
Hemoglobin (g/dL) 10.43 + 1.68 10.44 + 1.63 10.50 + 1.88 10.29 £+ 1.51 0.76
Albumin (g/dL) 3.95+0.49 4.00 £0.48 3.90+0.51 3.90+0.48 0.23
CRP (mg/L), 10 x hsCRP? 4.88 + 15.41 2.80£5.79 5.74 + 15.07 9.68 £ 28.93 0.01
LDL cholesterol (mg/dL) 85.13+30.47 84.70+3257 83.13+28.67 89.62+26.88 0.46
Triglyceride (mg/dL) 125.95 +85.88 124.59 + 78.57 125.51 +90.30 130.62 +99.28 0.91
Calcium (mg/dL) xphosphate (mg/dL) 4796 + 16.42 4724 +16.45 49.57 + 16.44 4742 + 16.42 0.55
iPTH (pg/mL) 250.66 + 246.75 256.21 + 284.45 243.97 + 208.09 245.48 + 182.61 0.92
Donor age (yr) 4586 + 10.92 46.21+10.50 4599+ 11.37 44.63+11.52 0.65

Data are expressed as number (%) or mean + standard deviation.

CRP, C-reactive protein; ESKD, end-stage kidney disease; hsCRP, high sensitivity CRP; iPTH, intact parathyroid hormone; LDL, low-density lipoprotein.
*hsCRP of Seoul National University Hospital converted to CRP of Korea University Medical Center with s conversion factor (10) by method of Milone et al. [9].

curred more frequently in patients with stage IV periodon-
titis (Table 5). However, diabetes was the strongest inde-
pendent predictor of new-onset coronary artery disease in
multivariate logistic regression analysis (Table 6).

Discussion

It has long been questioned whether poor oral health is
associated with systemic diseases. Epidemiologic studies
have reported that poor oral conditions, such as periodon-
titis or gingivitis, are associated with the development of

various systemic diseases, such as atherosclerosis, diabe-
tes, respiratory disease, rheumatoid disease, and compli-
cated pregnancy [11]. Several pathways, such as systemic
inflammation due to direct metastatic spread of pathogenic
bacteria from the oral cavity or indirect effects of circulat-
ing microbial products and immunologic modulation, have
been proposed to link periodontitis with systemic diseases
[12,13].

Periodontitis is common in patients with CKD, and some
studies have shown that CKD patients with periodontitis
have lower eGFR, higher morbidity and mortality com-
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Table 2. Immunologic characteristic of recipients with periodontitis

Variable Total Stage land Il Stage Il Stage IV p-value
No. of HLA mismatch 3.39+ 157 3.19+1.61 3.61 +1.60 3.63+1.32 0.06
Induction immunosuppressive agent

Simulect® 263 (86.8) 143 (89.4) 76 (85.4) 44 (81.5) 0.12

Maintenance immunosuppressive agent (initial)
Tacrolimus-based regimen” 285 (94.1) 150 (93.8) 82(92.1) 53(98.1) 0.26
Maintenance immunosuppressive agent (at 1 yr)

Tacrolimus-based regimen 249 (91.5) 131 (92.3) 71(88.7) 47 (94.0) 0.95
Tacrolimus + mycophenolate 207 (76.1) 105 (73.9) 60 (75.0) 42 (84.0) 0.20
Tacrolimus + sirolimus 27 (9.9) 16 (11.3) 9 (11.3) 2 (4.0) 0.20
Tacrolimus + bredinin 15 (5.5) 10 (7.0) 2(2.5) 3(6.0) 0.51

Cyclosporine + mycophenolate 23 (8.5) 11 (7.7) 9 (11.3) 3(6.0) 0.95

Data are expressed as mean + standard deviation or number (%).
HLA, human leukocyte antigen.

*Simulect or anti-thymocyte globulin were used as induction immunosuppressive agent. "Initial maintenance immunosuppressive agent was tacroli-

mus- or cyclosporine-based regimen.

Table 3. Clinical outcome of patients with periodontitis after KT

Variable Total (n = 303) Stage land Il (n =160) Stage Il (n = 89) Stage IV (n = 54) p-value
GFR (mL/min/1.73 m?)
1-Month GFR 69.82 £ 19.91 69.71 £ 20.50 7012 +17.73 69.62 £21.83 0.99
1-Year GFR® 65.67 + 16.96 64.68 £ 18.50 6719+ 12.61 66.43 £ 18.03 0.56
3-Year GFR" 67.31+17.71 67.07 £ 19.76 67.96 + 13.41 67.14 + 14.55 0.95
Rejection
AMR 18 (5.9) 9(5.6) 4 (4.5) 5(9.3) 0.47
ATMR or borderline ATMR 113 (37.3) 69 (43.1) 31(34.8) 13(24.1) 0.01
Graft loss 14 (4.6) 7(4.4) 4 (4.5) 3(5.6) 0.75
Infection
Bacterial infection 71(23.4) 39 (24.4) 19 (21.3) 13(24.1) 0.84
CMV viremia 43 (14.2) 20 (12.5) 17 (19.1) 6(11.1) 0.82
BK viremia 53 (17.5) 33(20.6) 15 (16.9) 5(9.3) 0.06

Data are expressed as mean * standard deviation or number (%).
AMR, acute antibody-mediated rejection; ATMR, acute T cell-mediated rejection; CMV, cytomegalovirus; GFR, glomerular filtration rate; KT, kidney transplan-

tation.

°A total of 262 patients who followed up for more than 1 year after KT were included. °A total of 202 patients who followed up for more than 3 years after

KT were included.

pared to those without periodontitis; however, conflicting
results have also been reported [4,14,15]. Because patients
with CKD already have several comorbid conditions that
affect systemic inflammation, it is possible that these
comorbid conditions affect both oral health and CKD
outcomes. Therefore, it is difficult to clarify the direct link
between periodontitis and CKD outcomes. Nevertheless, a
recent study showed that the risk of developing CVDs over
24 months was lower in patients with CKD treated with
periodontal disease, which suggests an important role of
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periodontitis in cardiovascular outcomes of patients with
CKD [16].

Like previous studies, we found that patients with severe
periodontitis prior to KT were older, more diabetic, had
a higher BMI, and had a lower ejection fraction, showing
that periodontitis is also closely linked to systemic inflam-
mation, metabolic complications, and CVDs. We hypothe-
sized that periodontitis, a chronic inflammatory condition,
might skew the short and long-term transplant outcomes.
This was based on the fact that chronic inflammation is



Min, et al. The effect of periodontitis on recipient outcomes after kidney transplantation

Table 4. Risk factors to predict acute T cell-mediated rejection

Variable Crude model Age, sex-adjusted model Multivariate model
OR (95% ClI) p-value OR (95% Cl) p-value OR (95% Cl) p-value
Sex (female) 0.69 (0.42-1.16) 0.16
Age (yr) 0.98 (0.96-0.99) 0.04
Year of KT 1.11 (0.99-1.25) 0.06 1.13 (1.01-1.27) 0.03
Donor age (yr) 1.03 (1.00-1.05) 0.03 1.02 (1.00-1.05) 0.04
HLA mismatch 1.15 (0.99-1.34) 0.07 1.23 (1.05-1.45) 0.01 1.39 (1.10-1.77) 0.006
Relationship
Unrelated 1.62 (0.98-2.68) 0.06 2.02 (1.17-3.47) 0.01
Induction IS
ATG 0.38 (0.17-0.85) 0.38 0.38 (0.17-0.86) 0.02
Maintenance IS at 1 yr
Tacrolimus-based 1.00 1.00
CsA-based 2.60 (0.90-7.54) 0.08 2.47 (0.84-7.24) 0.10
CMV viremia 1.56 (0.82-3.00) 0.18 1.55 (0.80-3.00) 0.19
CRP (mg/L), 10 x hsCRP 0.97 (0.94-1.01) 0.09 0.9 (0.93-1.00) 0.06
HbA1c (% of THb) 0.84 (0.61-1.16) 0.29 0.90 (0.66-1.24) 0.53
Periodontitis
Stage | and |l 1.0 1.00 1.00
Stage lll 0.71(0.41-1.21) 0.20 0.77 (0.43-1.36) 0.36 1.42 (0.59-3.41) 0.44
Stage IV 0.42 (0.21-0.84) 0.01 0.48 (0.23-1.01) 0.05 0.28 (0.08-098) 0.05

ATG, anti-thymocyte globulin; Cl, confidence interval; CMV, cytomegalovirus; CRP, C-reactive protein; CsA, cyclosporine; HbA1c, hemoglobin Alc; IS, immu-
nosuppressant; KT, kidney transplantation; OR, odds ratio.

In the age, sex-adjusted model, an enter selection approach was adopted. In the multivariate logistic analysis model, age, male sex, donor age, CRP, num-
ber of human leukocyte antigen mismatch, relationship, year of KT, induction immunosuppressive agent, maintenance immunosuppressive agent at 1
year, stage of periodontitis were adjusted. Multivariate logjstic regression was performed with variables with p-value less than 0.3 in univariate analysis; a
backward stepwise selection approach was adopted. All laboratory data were examined prior to KT.

Table 5. Cardiovascular diseases in patients with a follow-up period of 3 years or more

Variable Total (n=202) Stageland Il (n=127) Stagelll (n=52) Stage IV (n = 23) p-value
Cardiovascular disease 9 (4.5) 3(2.4) 2(3.8) 4(17.4) 0.006
Coronary artery disease® 8(4.0) 3(2.4) 2(3.8) 3(13.0) 0.03
Cerebrovascular disease 1(0.5) 0(0) 0(0) 1(4.3) 0.03

Data are presented as number (%).
“Coronary artery disease: unstable angina, myocardial infarction.

a well-known risk factor of CVDs as well as an impaired
adaptive immune response [17]. Given that transplant re-
cipients are confronting the very complex immunologic
and nonimmunologic challenges including the use of po-
tent immunosuppressants, reduction of uremic burden or
better nutrition and potential changes of oral microbiome,
the effect of chronic periodontitis on various transplant
outcomes could be more complicated.

Interestingly, we first observed that the rate of ATMR was
significantly lower in patients with severe periodontitis. The
effect of periodontitis on acute rejection is still unknown. A

previous study showed that periodontitis increases the risk
of acute rejection [18], but the cross-sectional study design
makes it difficult to rule out the possibility that periodonti-
tis was exacerbated due to immunosuppressive treatment
during acute rejection. Considering that T cells are the
main players mediating acute rejection, it is possible that
pretransplant periodontitis led to defective T cell immu-
nity such as T cell exhaustion, which may have preventive
effect on early T cell-mediated rejection. The link between
chronic inflammation and impaired immunity has been
demonstrated in the inflammation area. Uneven homeo-
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Table 6. Risk factors to predict new-onset coronary artery disease

. Crude model Multivariate model
Variable
OR (95% Cl) p-value OR (95% Cl) p-value

Female sex 0.31(0.04-2.59) 0.28
Age (yr) 1.02 (1.00-1.17) 0.04
Year of KT 1.13(0.74-1.71) 0.58
HbA1c (% of THb) 1.3590.83-2.18) 0.23
Donor age (yr) 0.95 (0.89-1.01) 0.09
Ca (mg/dL) 1.54 (0.66-3.59) 0.32
iPTH (pg/mL) 0.997 (0.99-1.00) 0.24
Body mass index 1.09 (0.90-1.32) 0.37
Dyslipidemia 1.49 (0.36-6.12) 0.58
Causes of ESKD

Diabetes mellitus 7.07 (1.62-30.93) 0.009 4.73 (1.08-20.77) 0.04

Glomerulonephritis 0.26 (0.03-2.15) 0.21
Periodontitis stage

Stage | and |l 1.00

Stage lll 1.65 (0.27-10.20) 0.59

Stage IV 6.20 (1.17-32.89) 0.03

Cl, confidence interval; ESKD, end-stage kidney disease; iPTH, intact parathyroid hormone; KT, kidney transplantation; OR, odds ratio.

In the multivariate logjstic analysis model, age, male sex, donor age, hemoglobin Alc, iPTH, cause of end-stage renal disease (diabetes mellitus, glomeru-
lonephritis), year of KT, stage of periodontitis were adjusted. Multivariate logistic regression was performed with variables with p-value less than 0.3 in uni-
variate analysis; a backward stepwise selection approach was adopted. All laboratory data were examined prior to KT. Dyslipidemia was defined as those
with low-density lipoprotein cholesterol greater than 100 mg/dL or triglyceride greater than 500 mg/dL or under lipid-lowering agent.

static proliferation of naive T cells in thymectomized mice
[19], as well as reduced T cell priming upon vaccination in
ESKD patients [20], suggest that chronic inflammation is
closely linked to both quantitative and qualitative defect of
T cell immunity. Recent studies have suggested that chron-
ic periodontitis is associated with an immunomodulatory
profile by observing the upregulation of Th1 cytokines in
early periodontitis and Th2 cytokines in later stages [21].
The relationship between immune-senescence and
chronic periodontitis has also been reported. Steffens et al.
[22] demonstrated that chronic inflammatory burden ob-
served in patients with chronic periodontitis could accel-
erate leukocyte telomere shortening, which may indicate
impaired immune function. Masi et al. [23] also reported
that the leukocyte telomere length was negatively correlat-
ed with severity of periodontitis, suggesting that shorter
telomere lengths correlate with oxidative stress, chronic
inflammation, and severity of disease. Interestingly, the in-
dependent effect of advanced periodontitis on ATMR was
observed only in pre-KT dialysis patients and not in pre-
emptive KT patients, suggesting that the chronic inflam-
matory status of pretransplant dialysis patients may modify

120 www.krcp-ksn.org

not only periodontitis itself but also the effect of periodon-
titis on immune function.

Several studies have shown that periodontitis was as-
sociated with poor graft function [24]. However, because
most were cross-sectional studies, it is difficult to identify
causality, and some small transplant cohort studies re-
ported opposite results regarding the relationship between
oral health and graft function [25]. T cell-mediated rejec-
tion is a well-known cause of early graft dysfunction and
many studies indicate the early dysfunction might lead to
poor long-term graft outcomes [26,27]. However, despite
significantly lower rate of ATMR in patients with severe
periodontitis, we found that eGFR at 1 month, 1 year, and
3 years after KT were not different according to stages of
periodontitis. In addition, the severity of periodontitis did
not significantly predict graft failure. These results suggest
that periodontitis can have a complex effect on graft func-
tion by multiple factors, such as chronic inflammation and
CVD, as well as a favorable effect on rejection.

CVD after KT is a major factor in determining graft and
patient survival and is still an important barrier to improv-
ing the long-term outcomes of KT recipients [28]. Exposure
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to various traditional (hypertension, dyslipidemia, diabe-
tes, smoking, and obesity) and nontraditional risk factors
affect CVD development after KT. Therefore, to improve KT
outcomes, it is important to identify high-risk recipients
and initiate early risk-reduction strategies. Poor oral health
has recently been proposed as a possible nontraditional
risk factor of CVD in patients with CKD, but few studies
were performed in patients with KT. In 2007, Genctoy et al.
[29] reported that KT patients with severe gingivitis had a
higher carotid intima-media thickness than those without
gingivitis. Although this study had a cross-sectional design,
gingivitis in transplant recipients affected the development
and/or progression of atherosclerosis despite the unclear
role of gingivitis in systemic inflammation. However, in a
recent longitudinal study, periodontitis did not significant-
ly increase the incidence of major adverse cardiovascular
episodes [30]. In our study, followed by a large number of
patients for more than 3 years, severe periodontitis was
associated with the incidence of new-onset coronary artery
disease, whereas diabetes was the only independent risk
factor in the multivariate analysis. Because the incidence of
CVD was relatively lower in our study, further investigation
in a large cohort is warranted to assess the independent
effects of periodontitis on cardiovascular events and mor-
tality after KT.

For posttransplant infection, which is the leading cause
of hospitalization of transplant recipients, possible T cell
immune dysfunction following periodontitis may leave the
host vulnerable to infections; however, bacterial infection,
CMV, and BK viremia did not show any significant associ-
ation with periodontitis. The innate immune response to
bacterial or viral invasion, as well as the adaptive immune
response through T and B cells, plays an important role in
infection-related complications; therefore, various con-
founding factors besides periodontitis can contribute to
the development of posttransplant infection.

Despite several novel findings, our study has several lim-
itations. First, the design of the study was retrospective, and
the treatment of periodontitis was not investigated in detail
as there were some cases where treatment was performed
at other hospitals. Therefore, it was difficult to clearly un-
derstand the causal relationship between periodontitis and
posttransplant outcomes. Second, we have not presented
laboratory evidence showing the relationship between
periodontitis and immune dysfunction. In addition, tradi-

tional risk factors for posttransplant CVD, such as steroid
dose, concentration of calcineurin inhibitor, posttransplant
diabetes, hypertension, and economic status, have not
been analyzed in detail.

However, strength of our study lies in the fact that cases
of severe periodontitis were especially sorted out by new
staging system and were separately analyzed. Community
Periodontal Index of Treatment Needs (CPITN) or other
indices in previous studies reflect the extent of periodon-
titis that is potentially responsive to treatment rather than
chronic or irreversible conditions. But this new system
includes radiographic bone loss as one of the parameters
to be considered in severity determinations, and additional
ideas such as treatment complexities and prognosis assess-
ment are also conveyed in stage itself. In particular, stage
IIT and IV patients of the new system may present severe
cases with additional risk factors besides periodontal bac-
terial deposition, such as chronic systemic inflammatory
conditions, alveolar bone resorption, and loss of immune
defenses against bacterial infection [31,32]. Therefore,
these differences may provide additional information on
impaired immune response in our study.

Recently, the role of the immune system has been noted
as an important factor in bone destruction [33], the degree
of alveolar bone loss depends on the host response against
oral infection. Our results suggest that amount of alveolar
bone loss due to chronic inflammation before KT reflects
systemic inflammatory conditions and altered immune
function, and is an important factor affecting transplant
outcomes beyond oral inflammation.

In conclusion, even in a new immunological and meta-
bolic environment with reduced uremic burden and im-
munosuppressive medications, periodontitis before KT has
a significant effect on posttransplant outcomes. Pretrans-
plant periodontitis may modulate the immune response
early after KT and reduce the risk of acute rejection but
may have long-term negative effects on graft and patient
survival. In the future, prospective studies analyzing the
effectiveness of treatment for periodontitis prior to KT can
clearly define the role of periodontitis and update pre- and
post-treatment treatment strategies.
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