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Periodontitis case definition affects the association
with renal function in kidney transplant recipients

E Ioannidou
1
*, M Shaqman

1
*, J Burleson

2
, A Dongari-Bagtzoglou

1

1Division of Periodontology, Department of Oral Health and Diagnostic Sciences, School of Dental Medicine, University of
Connecticut Health Center, Farmington, CT, USA; 2Department of Community Medicine and Health Care, School of Medicine,
University of Connecticut Health Center, Farmington, CT, USA

AIM: The aim of this analysis was to investigate the

association between periodontal status and renal allo-

graft function in a cohort of renal transplant patients

using different periodontitis case definitions.

MATERIAL AND METHODS: Fifty-eight kidney trans-

plant patients were included. The subjects were classified

into two groups, deterioration or stable/improvement of

renal allograft function as expressed by the difference in

glomerular filtration rate (GFR) between two time points

at least 6 months apart. Chronic periodontitis was

defined as: (1) two or more interproximal sites with

clinical attachment level (CAL) ‡4 mm or two or more

interproximal sites with probing depth (PD) ‡5 mm

(DEF1); (2) PD ‡ 5 or CAL ‡ 4 in at least six proximal

sites (DEF2); and (3) PD ‡ 5 or CAL ‡ 4 in at least two

proximal sites in each quadrant (DEF3).

RESULTS: In a multivariate linear regression model,

none of the continuous periodontal variables were sig-

nificantly associated with deterioration of allograft func-

tion. Of the three definitions of chronic periodontitis,

only DEF2 emerged as significantly more prevalent in

subjects with GFR deterioration and was a statistically

significant predictor of GFR deterioration over time.

CONCLUSION: These findings underscore the impor-

tance of periodontitis �case definition’ in the observed

statistical associations between periodontitis and sys-

temic disease.
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Introduction

More than 16 500 kidney transplants are performed
across the USA annually (Health Resources and Ser-
vices Administration HS, 2007). Despite greatly im-
proved 1-year survival rates of renal transplants from
living and deceased donors (approximately 90–95%),
the 10-year graft survival rates fall dramatically to 46–
58% (Cecka, 2005). In renal transplants, 50–80% of
these late failures are attributable to chronic allograft
nephropathy (CAN) (Matas et al, 2001; Cecka, 2005),
which is considered to be the most important cause of
renal graft failure after the first year of transplantation
(Dennis et al, 1989; Matas et al, 2001). Chronic allo-
graft nephropathy is a descriptive term for a number of
histologic lesions in renal transplants characterized by
progressive interstitial fibrosis, glomerulopathy, mesan-
gial matrix increase, vascular fibrous intimal thickening
and arteriolar hyaline thickening (Yates and Nicholson,
2006). Clinically, CAN presents as progressive deterio-
ration in renal function (reduced glomerular filtration
rate), proteinuria, and occasionally, de novo or second-
ary hypertension.

Several alloimmune-dependent factors [e.g. acute
rejection episodes, human leukocyte antigen (HLA)
mismatching] and alloimmune-independent factors (e.g.
graft ischemia, brain death, obesity) are believed to
influence renal graft function (Yates and Nicholson,
2006). Interestingly, a heightened pretransplant or post
transplant systemic inflammation, as measured by a
multitude of serum inflammation markers [e.g. C-
reactive protein (CRP), vascular adhesion molecule-1,
interleukin 12] has been associated with worse renal
allograft outcomes (Perez et al, 2000, 2003; Fink et al,
2002; van Ree et al, 2007; Berber et al, 2008). Thus, it
appears that elevated systemic inflammation sets the
stage for an accentuated inflammatory response to the
allograft and deterioration of graft function.

Systemic inflammation has been linked to periodontal
inflammation. There is accumulating evidence that links
periodontal disease to various systemic conditions,
including cardiovascular disease (Bahekar et al, 2007),
stroke (Desvarieux et al, 2003), diabetes mellitus (Taylor
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et al, 1996; Lamster and Lalla, 2001), poor pregnancy
outcomes (Riche et al, 2002; Canakci et al, 2007; Ruma
et al, 2008) and end-stage renal disease (Kshirsagar
et al, 2009). One of the proposed mechanisms for this
association is that these diseases share a common,
genetically determined, susceptible phenotype whereby
periodontitis and systemic disease are not causally
related but both manifest in an individual with a
hyper-inflammatory phenotype (Seymour et al, 2007).
Several studies have shown a hyper-active phagocytic
cell phenotype in chronic periodontitis patients (Fred-
riksson et al, 2003; Matthews et al, 2007), in which
excessive production of inflammatory cytokines, prote-
ases and reactive oxygen radicals result in destruction of
periodontal tissues (Fredriksson et al, 2003; Matthews
et al, 2007). Moreover, higher systemic inflammatory
cytokine levels have been associated with periodontal
disease (Takahashi et al, 1994; Noack et al, 2001;
Ioannidou et al, 2006; Tonetti et al, 2007; Paraskevas
et al, 2008). The latter observations also led to the
hypothesis that periodontal inflammation may contrib-
ute incrementally to systemic inflammatory mediator
levels and thereby amplify systemic disease processes
(Seymour et al, 2007; Dave and Van Dyke, 2008).

Given the evidence that links periodontitis to a hyper-
inflammatory phenotype (Fredriksson et al, 2003; Mat-
thews et al, 2007) and higher systemic inflammatory
cytokine levels in transplant (Ioannidou et al, 2006) and
other patient populations (Noack et al, 2001; Nankivell
et al, 2004; Paraskevas et al, 2008), we hypothesized
that periodontal disease could serve as a marker to
identify subjects with a systemic hyper-inflammatory
phenotype that may be at greater risk for long-term
renal allograft deterioration. The aim of this analysis
was to investigate the association between the periodon-
tal status of a cohort of renal transplant patients and
renal allograft function.

Materials and methods

Subject recruitment
The study that followed a cross-sectional single cohort
design was approved by the University of Connecticut
Health Center and Hartford Hospital Institutional
Review Boards (IRB). The population under investiga-
tion was a subset of subjects from a larger investigation
that included 90 renal and cardiac transplant patients.
Renal transplant recipients were screened during routine
outpatient visits at Hartford Hospital Transplant Cen-
ter. Inclusion criteria were: (1) at least 1 year post
transplant; (2) negative history of antibiotic use during
the preceding 4 months; (3) no periodontal treatment
within the last year; and (4) availability of at least two
serum creatinine values 6 months apart and at least
6 months after the transplant. Fifty-eight renal trans-
plant patients who met these criteria and signed the IRB
approved informed consent forms were included.

Data collection
Medical information of the subjects was extracted from
medical records. A standardized extraction form was

used. The extracted data included: patient demographics
(age, gender, ethnicity, weight, and height), co-existing
systemic conditions, e.g., diabetes (yes ⁄no), smoking
status (current, former and never smoker), number of
years post transplant, history of rejection episodes,
medication regimen and dosage, graft rejection risk
factors [e.g. HLA mismatching, panel reactive antibody
(PRA) score, cadaveric or living donor, related or
unrelated donor], creatinine clearance laboratory results
and history of graft biopsy.

Using two serum creatinine values per subject as
described in the inclusion criteria, two glomerular
filtration rate (GFR) values (one at each time point)
were calculated using the four-variable simplified
Modification of Diet in Renal Disease (MDRD)
formula [estimated GFR = 186 · Serum Creatinine
)1.154 · Age )0.203 · (1.210 if Black) · (0.742 if Female)]
(Levey et al, 2006). Accordingly, the determination of
renal allograft function over time was based on the
difference:

DGFR ¼ GFRðtime1Þ �GFRðtime2Þ

When DGFR > 0, the subject was included in the
deterioration group. Conversely, when DGFR £ 0, the
subject was included in the stable ⁄ improvement group.

Periodontal examination
Subjects received a full-mouth periodontal examination
at six sites per tooth. Four periodontists, who were
calibrated prior to the initiation of the study, performed
the exam using a Michigan O probe with Williams
markings. The following parameters were evaluated and
recorded: missing teeth (excluding third molars), plaque
score (PS), bleeding on probing (BOP), probing depth
(PD), clinical attachment level (CAL) and gingival
overgrowth (GO) based on the GO index by Pernu
et al, 1992. Chronic periodontitis was defined using
three different definitions: the first definition (DEF1)
was the Centers for Disease Control and Prevention ⁄
American Academy of Periodontology (CDC ⁄AAP)
working definition of moderate periodontitis. Accord-
ingly, chronic periodontitis was defined as two or more
interproximal sites with CAL ‡4 mm (not on the same
tooth) or two or more interproximal sites with
PD ‡5 mm (not on the same tooth). The second
definition of chronic periodontitis (DEF2) was PD ‡ 5
or CAL ‡ 4 in at least six proximal sites. The third
definition of chronic periodontitis (DEF3) was PD ‡ 5
or CAL ‡ 4 in at least two proximal sites in each
quadrant. Both DEF2 and DEF3 were arbitrary defini-
tions with clinical cutoff thresholds representing an
escalating extent of periodontal destruction when com-
pared with DEF1 (CDC ⁄AAP definition).

Statistical analyses
A natural log transformation was applied to non-
normally distributed variables. Mean and median were
calculated for continuous variables. Student’s t-test (for
continuous variables) and chi-square test or Fisher’s
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exact test (for categorical variables) were used to test for
differences between the groups (GFR deterioration vs
stable ⁄ improvement). A multivariate, repeated mea-
sures, linear regression analysis was applied to deter-
mine significant predictors of the within-subject change
in GFR values over time. Variables that turned a
P-value >0.2 were excluded from the final regression
model. A P-value £0.05 was considered statistically
significant. When 0.05 < P < 0.1, we considered dif-
ferences to have a trend to significance (Sterne and
Smith, 2001).

Results

The population demographic and medical data are
reported in Tables 1 and 2 respectively. Diabetic
patients comprised 52% of the subjects. There were no
current smokers in this population. The median number
of years post transplant was more than 7 years.
Approximately, 60% of the subjects had a deterioration
of GFR levels (mean DGFR = 56 ml min)1 1.73 m)2),
whereas 40% of the subjects had an improvement of
GFR levels (mean DGFR = )44 ml min)1 per
1.73 m)2). Additional descriptive statistics on GFR
values in the two groups appear in Table 3. Prevalence
of chronic periodontitis according to case definition
appears in Table 4, whereas specific periodontal param-
eters in the GFR stable ⁄ improvement vs deterioration
groups are reported in Table 5. Although the prevalence
of periodontitis was higher in the GFR deterioration
group regardless of the case definition used, the differ-
ence was statistically significant only with DEF2 [v2 (1,
n = 53), P = 0.04, phi = 0.28] (Table 4). There were
no statistically significant differences in mean: PD, CAL,
percentage of sites with BOP, plaque score, percentage

of sites with PD ‡5 mm, percentage of sites with
CAL ‡ 4 mm or the number of missing teeth among
the two groups (Table 5).

A multivariate, repeated measures, linear regression
analysis was conducted to determine significant predic-
tors of the within-subject GFR change over time
(Table 6). The variables included were ethnicity, body
mass index (BMI), diabetic status (yes ⁄no), smoking
history (former ⁄ never), living or cadaveric donor,
hypertension, dialysis before transplantation, cold ische-
mic time, delayed graft function, acute rejection epi-
sodes (yes ⁄no), PRA score, HLA mismatch (less than
five vs five or more mismatches, prednisone use (yes ⁄ no),
cyclosporine use (yes ⁄ no). Continuous periodontal
parameters (mean PD, mean CAL, percentage of sites
with BOP, percentage of sites with PD ‡ 5 mm, per-
centage of sites with CAL ‡ 4 mm) and the number of
missing teeth were included individually in the model
(i.e. they were not tested simultaneously). Chronic
periodontitis, as defined by each definition was included
in the model individually. Variables that returned a
P-value >0.2 were excluded from the final model.
Accordingly, the following variables were excluded from
the final analysis: gender, ethnicity, BMI, diabetes status
(yes ⁄ no), smoking history (former ⁄ never), living or
cadaveric donor, dialysis before transplantation, cold
ischemic time, delayed graft function, PRA score, HLA
mismatch (less than five vs five mismatches or more),
prednisone use (yes ⁄no), cyclosporine use (yes ⁄ no).
History of acute rejection (P = 0.03), having a deceased
donor (P = 0.01), and being hypertensive (P = 0.05)
statistically significantly predicted deterioration of renal
allograft function. When the continuous periodontal
variables were introduced individually into the model,

Table 2 Medical characteristics

Variable
Mean, median
(quartiles)

Diabetics (%) 52
Smoking (former) (%) 31
Years post transplant 7.6 ± 4.9,

7.1 (3.8, 11.0)
History of acute rejection (%) 33
Pretransplant dialysis (%) 78
Living donor (related or unrelated) (%) 43
Ca++ channel blockers (%) 28
Cyclosporine (%) 38
Prednisone (%) 91
Mycophenolate mofetil (%) 72
Tacrolimus (%) 57
Azathioprine (%) 21
Sirolimus (%) 14

Table 3 Mean, median and quartiles of DGFR values in the deteri-
oration and stable ⁄ improvement groups

Variable
Mean, median
(quartiles)

Mean DGFR in deterioration group
(ml min)1 per 1.73 m2)

56, 48 (66,36)

Mean DGFR in stable ⁄ improvement
group (ml min)1 per 1.73 m2)

)44, )44 ()26, )56)

GFR, glomerular filtration rate.

Table 4 Chronic periodontitis (CP) frequency (subject numbers and
percentages) in each glomerular filtration rate (GFR) group according
to the three definitions

Definition

GFR
deterioration

(%)

GFR stable ⁄
improvement

(%)

Total in
both GFR
groups (%) P-value

DEF1 25 (71) 13 (57) 38 (65.5) 0.37* (NS)
DEF2 32 (91) 16 (70) 48 (82.8) 0.04*
DEF3 20 (57) 9 (39) 29 (50) 0.18** (NS)

GFR, glomerular filtration rate.
*v2 test.
**Fisher’s exact test.

Table 1 Demographic characteristics

Variable Mean ± s.d. (median)

Age 52.8 ± 12.0 (53.3)
Gender (female) (%) 41
Ethnicity (Black) (%) 24
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higher percentage of sites with BOP and higher mean
PD showed a trend towards statistical significance in
predicting deterioration of allograft function (percent-
age sites with BOP: F = 3.27, P = 0.08; mean PD:
F = 3.02, P = 0.09). Other continuous periodontal
variables were not statistically significant in the model
(percentage of sites with PD ‡5 mm: F = 2.28,
P = 0.14; mean CAL: F = 0.06, P = 0.81, percentage
of sites with CAL ‡4 mm: F = 0.74, P = 0.39; number
of missing teeth: F = 0.15, P = 0.70). Chronic peri-
odontitis as defined by DEF2 emerged as a statistically
significant predictor of GFR deterioration over time. In
contrast, chronic periodontitis according to DEF1or
DEF3 was not significant a predictor (Table 6).

Discussion

The success that has been achieved in improving early
survival rates of renal transplants is still over-shadowed
by a significant drop in long-term patient and graft
survival after 10 years (Meier-Kriesche et al, 2004).
Several parameters have been shown to be correlated
with long-term allograft outcomes such as acute rejec-
tion episodes (Matas et al, 1994), HLA mismatches
(McKenna et al, 1998), delayed graft function (Shoskes
and Cecka, 1997), and having a living vs a cadaveric

donor (Massy et al, 1996). Nevertheless, these parame-
ters can not explain the variation in the clinical course
and outcome of organ transplantation.

In this study, we hypothesized that periodontal
disease is one of the markers of a systemic hyper-
inflammatory phenotype and if present in renal
transplant recipients, it might indicate a greater risk
for long-term renal allograft deterioration. Although
this hypothesis does not necessarily suggest causality,
this association would have several implications in this
patient population. For example, a history of periodon-
titis would identify a population in need of more strict
criteria in HLA-matching before transplantation. This
could also necessitate closer monitoring of periodontitis-
susceptible individuals after renal transplantation for
signs of CAN and additional graft surveillance biopsies
might be indicated. Conventionally, graft failure is
suspected only when a continued and irreversible
reduction of renal function has become clinically
apparent, as a combination of hypertension and pro-
teinuria, which prompts performance of renal allograft
biopsies when it may already be too late (Morath et al,
2003).

This analysis was performed on a subset of the renal
allograft recipients from a larger renal and cardiac
transplant recipient population. One of the inclusion
criteria was the availability of two serum creatinine lab
results that were taken at least 6 months after the
transplantation and were at least 6 months apart. Those
cutoff points were chosen as one large study had shown
that allograft function at 6 months post transplant, as
measured by creatinine values, and the changes that
occurred 6 months later were related to the 5-year
survival of the graft (Hariharan et al, 2002). In our
study, the GFR values were estimated using the simpli-
fied MDRD formula. The simplified MDRD formula
showed comparable accuracy and correlation to other
MDRD formulas in estimating GFR in renal transplant
recipients, and better prediction of true GFR when
compared with the Cockcroft & Gault formula (Cock-
croft and Gault, 1976; Poge et al, 2005). The mean
DGFR values and frequency of improvement ⁄ deterio-
ration over time in our population are in agreement with
longitudinal observations of similar populations in other
studies (Wigger et al, 2001; Gera et al, 2007). More
importantly, all subjects with a history of renal biopsy

Table 5 Continuous periodontal variables in the two glomerular filtration rate (GFR) groups

Variable

GFR deterioration GFR improvement

P-value*Mean ± s.d.
Median (25th,75th

quartiles) Mean ± s.d.
Median (25th,75th

quartiles)

Mean PD (mm) 2.8 ± 0.4 2.7 (2.4, 3.2) 2.6 ± 0.5 2.6 (2.4, 3.0) 0.25 (NS)
Mean CAL (mm) 3.0 ± 0.8 2.8 (2.5, 3.3) 2.9 ± 0.7 2.7 (2.4, 3.4) 0.72 (NS)
BOP (%) 18.8 ± 15.5 15.0 (6.5, 25.0) 14.7 ± 13.8 7.7 (4.6, 28.5) 0.14 (NS)
PS (%) 50.7 ± 29.0 53.6 (28.3, 76.9) 43.0 ± 33.0 42.4 (10.7, 74.4) 0.35 (NS)
Missing teeth 2.6 ± 2.6 2.0 (1.0, 4.0) 4.5 ± 4.5 4.0 (0.0, 8.0) 0.29 (NS)
Sites with CAL ‡ 4 mm (%) 16.6 ± 20.1 9.1 (3.1, 19.2) 14.9 ± 19.8 3.0 (1.8, 20.8) 0.30 (NS)
Sites with PD ‡ 5 mm (%) 7.0 ± 9.2 2.4 (0.0, 12.3) 5.6 ± 9.0 0.0 (0.0, 11.4) 0.22 (NS)

PS, plaque score; PD, probing depth; GFR, glomerular filtration rate; BOP, bleeding on probing.

Table 6 Multivariate, repeated measures, linear regression models
designed based on the three chronic periodontitis �case definitions’

Variable F Sig. b
Observed
power

Model 1
History of acute rejection 7.02 0.01 0.36 0.57
Cadaveric donor 6.66 0.01 0.35 0.54
Hypertension 4.34 0.04 0.29 0.80
Chronic periodontitis (DEF1) 0.05 0.83 0.03 0.06

Model 2
History of acute rejection 5.14 0.03 0.31 0.60
Cadaveric donor 7.00 0.01 0.36 0.74
Hypertension 4.29 0.04 0.29 0.53
Chronic periodontitis (DEF2) 4.51 0.04 0.29 0.55

Model 3
History of acute rejection 4.79 0.03 0.30 0.57
Cadaveric donor 6.52 0.01 0.34 0.71
Hypertension 4.00 0.05 0.28 0.50
Chronic periodontitis (DEF3) 0.89 0.35 0.13 0.15
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were found to be in the deterioration group, which was
on expected lines, as renal biopsy is indicated only when
renal function is reduced (Morath et al, 2003).

Traditionally, investigators have used arbitrary defi-
nitions of chronic periodontitis in epidemiologic studies
assessing the relationship with systemic diseases (Tonetti
et al, 2005; Manau et al, 2008, de Pablo et al, 2008). In
this analysis, periodontal destruction was measured
using a series of continuous variables and three different
�disease case’ definitions. The decision to include more
than one case definition was triggered by a recent study
which showed that when different disease definitions
were applied in the same patient population, consider-
ably different associations were found between peri-
odontitis and systemic diseases (Manau et al, 2008). In
agreement with this study, we found that only one of the
three case definitions provided statistically significant
results in a multivariate regression model. Other medical
variables (history of rejection, cadaveric donor and
hypertension) found to be significant are in agreement
with previous studies (Matas et al, 1994, 2001; Nicker-
son et al, 1998). Although an association between
periodontitis, human cytomegalovirus (HCMV) infec-
tion and renal transplant complications has been found
(Nowzari et al, 2003), we were unable to confirm this
because of non-availability of HCMV data in our
population.

Continuous periodontal variables were not signifi-
cantly different between the GFR groups. However,
clinically small trends were observed for greater peri-
odontal destruction in the GFR deterioration group. In
addition, using all definitions, chronic periodontitis
showed higher prevalence in the GFR deterioration
group when compared with the GFR improvement
group. These findings suggest that periodontal destruc-
tion might be a risk indicator for renal allograft
deterioration. Furthermore, when continuous periodon-
tal variables were tested in the multivariate regression
model, there was a suggestion that the extent and
severity of periodontal destruction, as expressed by
percentage of sites with BOP and ⁄or mean PD, could
predict GFR deterioration. Thus, the �periodontitis’ case
definitions tested in this study attempted to capture an
escalating severity of the disease, from DEF1 (lowest) to
DEF3 (highest) severity. Surprisingly, only the case
definition representing a �medium size’ disease severity
(DEF2) showed statistically significant findings. This
finding would argue against a strictly linear relationship
between disease severity and the observed associations.
However, the cutoff points used in DEF2 were more
strict in defining disease severity when compared with
other clinical studies that used definitions with either
fewer periodontally involved sites (Bassani et al 2007,
Holbroook et al 2004, Jarjoura et al 2005, Jeffcoat et al
2001) or lower PD or CAL cutoff points (Goepfert et al
2004, Holbroook et al 2004, Jarjoura et al 2005, Jeffcoat
et al 2001).

Our a priori power analysis to investigate differences
in the prevalence of chronic periodontitis in kidney or
heart transplant subjects when compared with system-
ically healthy controls, revealed the need for a minimum

of 54 subjects, for a power of 80% and alpha-value of
0.05. In this subgroup analysis of 58 kidney transplant
subjects, we applied three different definitions that had
not been considered in our a priori power calculations.
Post hoc power calculations revealed that in order to
attain this level of power for each case definition in a
multivariate regression model with four predictors (as
shown in Table 6), we needed a minimum of 96 subjects
for DEF 1, 48 subjects for DEF2, and 71 subjects for
DEF3. This may raise the question whether an adequate
number of subjects were available for generating statis-
tically significant comparisons using DEF1 or DEF3.
However, although such post hoc power analyses are
tempting, they are not conclusive and often lead to
misinterpretation of the results. For example, even for a
study with a priori sufficient power, if the results are
negative, the post hoc power analysis based on the
observed results will always show that the study was
underpowered (Levine and Ensom, 2001, Freedman,
1999).

An important limitation of our analysis was that the
most recent serum creatinine test was not performed at
the time of the oral examination but was retrieved from
the medical record. However, the major focus of this
investigation was to test the effect of case definition
selection on the observed associations between renal
function and periodontitis within a kidney transplant
population. Moreover, the findings of this study could
contribute to power estimates of future longitudinal
studies with prospective monitoring of allograft func-
tion, periodontal status and protocol biopsies in a larger
population that will provide definitive conclusions on
the association between periodontitis and renal function
in this and other populations.

In conclusion, our findings suggest that chronic
periodontitis is more prevalent in the GFR deterioration
group and may be a predictor for GFR deterioration
over time. However, the impact of the disease thresholds
that were used to define a �periodontitis case’ was also
evident in these associations. These findings underscore
the importance of the �case definition of periodontitis’
selection in studies investigating the link between
periodontitis and systemic diseases. Based on these
findings, we propose that future studies in this field use
more than one case definition to strengthen the validity
of the observed associations.
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