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A b s t r a c t

Background: Periodontitis and chronic kidney disease (CKD) are important health
issues; however, the association between periodontitis and CKD markers, especially
in Korean adults, remains elusive.
Methods: Data on 15,729 Korean adults were obtained from the Korean National
Health and Nutritional Examination Surveys IV and V. The CKD markers included a
decreased estimated glomerular filtration rate (eGFR;o60 mL/min/1.73 m2), pro-
teinuria, and hematuria. Odds ratios (ORs) and 95% confidence intervals were
measured using stepwise multivariate logistic regression analyses for CKD markers
based on the presence of periodontitis.
Results: Patients with periodontitis had greater unadjusted ORs for CKD markers
compared to those without periodontitis, as follows: decreased eGFR, 4.07 (3.11–5.33);
proteinuria, 2.12 (1.48–3.05); and hematuria, 1.25 (1.13–1.39, all Po0.001). Periodontitis
was a significant predictor of decreased eGFR independent of all covariates [1.39 (1.03–
1.89), P¼0.034]. However, the effect of periodontitis on decreased eGFR seemed to be
affected by hypertension and diabetes mellitus. Periodontitis was not an independent
predictor of proteinuria; the significance disappeared after adjusting for hypertension
and diabetes mellitus. Periodontitis was significantly correlated with hematuria, leading
to similar ORs regardless of the adjustment for covariates [1.29 (1.15–1.46), Po0.001].
Conclusion: This study confirms the correlation between periodontitis and CKD
markers, including decreased eGFR, proteinuria, and hematuria in Korean adults.

& 2013. The Korean Society of Nephrology. Published by Elsevier. This is an open
access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Early detection of chronic kidney disease (CKD) is a major
global health concern, because CKD is associated with high morb-
idity and mortality [1,2]. CKD is defined as either kidney damage
or a decreased glomerular filtration rate (GFR), according to the
Kidney Disease Outcomes Quality Initiative guidelines [3].
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Proteinuria and hematuria are the most commonly used and
principal markers of kidney damage [3,4] although radiologic and
pathologic abnormalities are also used. Despite the succinct
definition of CKD and the implementation of strategies to control
this disease, its prevalence has rapidly increased [5]. This phe-
nomenon is attributable to the multifactorial and interactive
nature of the etiologies of CKD. Consequently, efforts to identify
potentially modifiable factors associated with CKD are required to
reduce the large burden of this disease.

Periodontitis is a chronic inflammatory disease that leads to the
destruction of periodontal tissue. This process is characterized by a
pocket formation around the teeth and/or gum recession [6].
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Recently, periodontitis received great attention for its association
with several diseases including cardiovascular disease, diabetes,
osteoporosis, respiratory disease, and rheumatologic diseases [7].

Previously, several factors have been identified as asso-
ciated with CKD [8]. Among them, hypertension and diabetes
mellitus are the leading causes [9]. A role for periodontitis in
CKD has also been suggested [10–12], particularly because
both diseases are based on the inflammatory milieu [13].
However, the data are limited in that most studies have
focused only on moderately decreased GFR (o60 mL/min/
1.73 m2) and not on proteinuria or hematuria, which are
confirmed markers of CKD [10–12]. Decreased GFR is not
always accompanied by proteinuria or hematuria. Further-
more, in the early stages of CKD, GFR may not decrease
although other markers, such as urinary abnormalities, may
be present [3]. Moreover, previous studies have not included
the general Asian population [7,10–12,14]. CKD is a worldwide
disease, with Asians displaying a high prevalence compared to
other ethnicities [15]. In the present study, we aimed to
examine the correlations between periodontitis and both
decreased GFR and urinary abnormalities, including protei-
nuria and hematuria. In addition to this objective, we
attempted to confirm the correlation between periodontitis
and CKD markers in a representative Korean adult population
using a dataset from the Korean National Health and Nutri-
tional Examination Survey (KNHANES).
Methods

Study population

Data were obtained from the 2nd and 3rd years (2008–2009)
of the KNHANES IV study and the 1st year (2010) of the KNHANES
V study, which were conducted by the Korea Centers for Disease
Control and Prevention. KNHANES used a rolling sampling design
that involved a complex, stratified, multistage, probability-cluster
survey of a representative sample of the non-institutionalized
civilian population in South Korea. The survey consisted of health
interviews, examinations including laboratory tests, and a nutri-
tional survey. Totals of 12,528 participants, 12,722 participants, and
10,938 participants were sampled in 2008, 2009, and 2010,
respectively. In total, 9,744 individuals (77.8% in 2008), 10,533
individuals (82.8% in 2009), and 8,958 individuals (81.9% in 2010)
participated in the survey each year. The cross-sectional analysis
presented here was restricted to 15,808 participants aged Z20
years for whom periodontal and kidney results including serum
creatinine and urinalysis were available. Furthermore, we
excluded participants who were pregnant (n¼72) or were
menstruating (n¼7) at the time of the examination. A total of
15,729 participants were analyzed in the present study. All
participants signed informed consent forms. The institutional
review board at the Korea Centers for Disease Control and
Prevention approved the survey of the study population (Nos.
2008-04EXP-01-C, 2009-01CON-03-2C, and 2010-02CON-21-C).

Study variables

Demographic variables including age, sex, residential region,
and education level were collected during the health interview.
Age as reported at the time of the health interview was categor-
ized into 20–59 years and Z60 years. The residential region was
categorized as urban or rural. Urban areas included Seoul and the
surrounding metropolis in addition to six metropolitan cities. The
remaining areas were categorized as rural. Education level was
categorized as less than high school, high school, and college or
higher. Weight (kg) and height (cm) were measured in partici-
pants wearing only a gown without shoes. Body mass index was
calculated as [weight/height2 (kg/m2)]. Obesity was defined as
body mass index Z25.0 kg/m2 [16]. Smoking status was sub-
divided into nonsmoker, past smoker, or current smoker. Regular
exercise was defined as either regular moderate exercise for
Z30minutes/session more than five times/week or intense
exercise for Z20minutes/session more than three times/week,
or both. Moderate exercise was defined as any activity that leaves
the participant somewhat breathless, such as badminton, table
tennis, slow swimming, or volleyball. Intense exercise was defined
as any activity that causes the participant to be out of breath, such
as climbing, basketball, football, squash, or running. Participants
reported whether they had been diagnosed with hypertension,
diabetes mellitus, hypercholesterolemia, or cardiovascular disease
including coronary artery disease or cerebrovascular disease, by a
medical doctor. Blood pressure was measured while participants
were in a sitting position following a 5-minute rest period. Then,
blood pressure was measured on three occasions with a mercury
sphygmomanometer on the right arm and averaged across three
measured values. The presence of hypertension was defined as a
systolic blood pressureZ140mmHg, a diastolic blood pressure
Z90mmHg, or a diagnosis of hypertension.

Blood samples were collected during the fasting state for
the health examination surveys. After collection, the samples
were promptly refrigerated and transported to the designated
central laboratory (NeoDin Medical Institute, Seoul, Korea).
Serum creatinine, glucose, and cholesterol levels were mea-
sured with a Hitachi Automatic Analyzer 7600 (Hitachi, Tokyo,
Japan). The estimated GFR (eGFR) was calculated using the
modification of diet in a renal disease equation [17] as follows:

186:3� serum creatinine ðmg=dLÞ�1:154

� age ðyearsÞ�0:203ð�0:742; if femaleÞ
Decreased eGFR was defined as an eGFRo60mL/min/1.73 m2.

The presence of diabetes mellitus was defined as fasting blood
glucose4126mg/dL or a diagnosis of diabetes mellitus. Partici-
pants with blood total cholesterol Z240 mg/dL or diagnosis of
hypercholesterolemia were identified as having hypercholestero-
lemia. Random urine samples were obtained using the clean-catch
technique in a sterile container; participants were requested to
submit early morning samples when possible. The results of the
dipstick tests were scored semi-quantitatively from negative to
þ4. Proteinuria and hematuria were defined as Zþ1.

The periodontal examination was performed by trained
dentists. The World Health Organization (WHO) community
periodontal index (CPI) was used to assess periodontitis.
Periodontitis was defined as a CPIZcode 3, which indicates
a pathological pocket of 4–5 mm in at least one site (code 4,
Z6 mm). The index tooth numbers were 11, 16, 17, 26, 27, 31,
36, 37, 46, and 47. A CPI probe that met the WHO guideline was
used [18]. The mouth was divided into sextants. A probing
force of approximately 20 g was used.

Statistical analysis

All of the analyses and calculations were performed using
SPSS version 16.0 (SPSS Inc., Chicago, IL, USA). In all of the
analyses, the complex sampling and survey sample weights of



Figure 1. Weighted prevalence of periodontitis according to the comor-
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the KNHANES were used. The data were presented as the
weighted means or proportions (standard error). Proportions
were compared using the Pearson's Chi-square test. A logistic
regression analysis was used to examine the odds ratios (ORs)
and 95% confidence intervals for the CKD markers, including
decreased eGFR, proteinuria, and hematuria. In addition to the
unadjusted analysis, stepwise multivariate logistic regression
models of periodontitis were tested as follows: Model 1,
adjusted for age and sex; Model 2, Model 1 plus region,
education, smoking, obesity, and exercise; Model 3, Model
2 plus hypertension; Model 4, Model 2 plus diabetes mellitus;
Model 5, Model 2 plus hypercholesterolemia; Model 6, Model
2 plus cardiovascular disease; and Model 7, adjusted for all of
the covariates. These models were used because hypertension,
diabetes mellitus, hypercholesterolemia, and cardiovascular
disease were the strongest predictors of CKD in the univariate
Table 1. Baseline characteristics of the study participants

Total (n¼15,729)

Age 43.470.2
o60 years old 85.670.4
460 years old 14.470.4

Sex
Male 53.770.4
Female 46.370.4

Residential region
Urban 71.071.0
Rural 29.071.0

Education level
Less than high school 26.570.6
High school 40.670.6
College or more 32.970.7

Body mass index 23.770.1
No obesity 67.970.5
Obesity 32.170.5

Smoking status
None 50.570.4
Past smoker 6.770.3
Current smoker 42.870.4

Exercise
No 74.170.5
Moderate 13.670.4
Intensive 17.870.4
Regular 25.970.5

Hypertension
No 77.370.4
Yes 22.770.4

Diabetes mellitus
No 92.470.3
Yes 7.670.3

Hypercholesterolemia
No 86.970.3
Yes 13.170.3

Cardiovascular disease
No 97.770.1
Yes 2.370.1

Periodontitis
No 67.370.7
Yes 32.770.7

Decreased eGFR 95.570.3
No 98.470.1
Yes 1.670.1

Proteinuria
No 98.870.1
Yes 1.270.1

Hematuria
No 85.270.4
Yes 14.870.4

Data are expressed as weighted means7standard error for con-
tinuous variables and weighted percentages7standard error for
categorical variables.
eGFR, estimated glomerular filtration rate.

bidity. Bar represents standard error. CHOL, hypercholesterolemia; CVD,
cardiovascular disease; DM, diabetes mellitus; GFR, decreased estimated
glomerular filtration rate; HTN, hypertension; HU, hematuria; PU,
proteinuria.
analysis. A P-value of o0.05 was considered significant in the
logistic regression model. The model fit of logistic regression
analysis was measured using pseudo R2, whereby larger values
indicated a higher predictability of the model. These values
were compared between the models both with and without
consideration of periodontitis as an independent variable.
Results

Baseline characteristics

The weighted mean age of the participants was 43.470.2
years. A total of 32.7% of the participants exhibited period-
ontitis. The weighted mean eGFR was 95.570.3 mL/min/
1.73 m2. The weighted proportions of the participants with
decreased eGFR, proteinuria, and hematuria were 1.6%, 1.2%,
and 14.8%, respectively. Other demographic findings are
presented in Table 1.

Association between periodontitis and markers of CKD

Fig. 1 shows the weighted prevalence of periodontitis
according to individual comorbidities. The prevalence of per-
iodontitis was different across all of the comorbidities (all
Po0.001). Logistic regression analyses were conducted to
evaluate the association between periodontitis and CKD mar-
kers. Individuals with periodontitis had greater ORs for CKD
markers compared with participants without periodontitis as
follows: decreased eGFR, 4.07 (3.11–5.33); proteinuria, 2.12
(1.48–3.05); and hematuria, 1.25 (1.13–1.39, all Po0.001). The
unadjusted ORs of other covariates are shown in Table S1 in
the supplementary material online. We adjusted all of the
covariates for the associations between independent variables
and CKD markers (Table 2). We found that age, education level,
exercise, hypertension, diabetes mellitus, and a history of
cardiovascular disease were significant predictors of decreased
eGFR. For proteinuria, hypertension and diabetes mellitus
were significant predictors. For hematuria, age, sex, education
level, diabetes mellitus, and hypercholesterolemia remained
significant in the multivariate analyses. Subsequently, we
conducted stepwise multivariate analyses to assess whether



Table 2. Multivariate logistic analysisn between covariates and markers of chronic kidney disease

Decreased eGFR Proteinuria Hematuria

AgeZ60 y (vs.o60 y) 4.50 (2.99–6.76)§ 0.80 (0.54–1.17) 1.16 (1.00–1.34)†

Male (vs. female) 0.98 (0.62–1.55) 1.64 (0.91–2.97) 0.31 (0.26–0.36)§

Urban (vs. rural) 1.36 (0.97–1.92) 1.27 (0.86–1.86) 0.94 (0.84–1.06)
Educational level
Less than high school 1 (Reference) 1 (Reference) 1 (Reference)
High school 0.93 (0.65–1.34) 1.05 (0.67–1.63) 0.81 (0.71–0.93)‡

College or more 0.44 (0.26–0.75)‡ 0.87 (0.53–1.44) 0.71 (0.60–0.83)§

Obesity (vs. none) 1.30 (0.96–1.76) 1.16 (0.80–1.69) 0.96 (0.86–1.08)
Smoking status
None 1 (Reference) 1 (Reference) 1 (Reference)
Past smoker 1.51 (0.81–2.81) 0.70 (0.31–1.58) 0.90 (0.68–1.19)
Current smoker 1.29 (0.83–2.03) 0.90 (0.53–1.54) 1.15 (0.99–1.33)

Exercise (vs. none) 0.66 (0.46–0.93)§ 1.00 (0.67–1.49) 0.99 (0.87–1.12)
Hypertension (vs. none) 3.94 (2.69–5.78)§ 3.23 (2.20–4.73)§ 1.10 (0.96–1.25)
Diabetes mellitus (vs. none) 2.83 (2.09–3.82)§ 3.93 (2.64–5.87)§ 0.59 (0.45–0.77)§

Hypercholesterolemia (vs. none) 1.34 (0.94–1.90) 1.54 (0.97–2.43) 0.85 (0.74–0.98)†

Cardiovascular disease (vs. none) 2.52 (1.66–3.84)§ 0.93 (0.46–1.90) 1.27 (0.96–1.70)

n Adjusted for all covariates including age, sex, region, education, obesity, smoking, exercise, hypertension, diabetes mellitus, hypercholesterolemia,
cardiovascular disease, and periodontitis.
† Po0.05.
‡ Po0.01.
§ Po0.001.
Data are expressed as odds ratios (95% confidence intervals).
eGFR, estimated glomerular filtration rate.

Table 3. Multivariate logistic regression models for chronic kidney disease by periodontitis

Modeln Decreased eGFR Proteinuria Hematuria

OR (95% CI) P OR (95% CI) P OR (95% CI) P

1 1.90 (1.39–2.59) o0.001 1.86 (1.26–2.74) 0.002 1.34 (1.20–1.51) o 0.001
2 1.71 (1.25–2.34) 0.001 1.75 (1.17–2.63) 0.007 1.27 (1.12–1.43) o 0.001
3 1.50 (1.11–2.03) 0.009 1.50 (1.01–2.22) 0.044 1.26 (1.12–1.43) o 0.001
4 1.52 (1.10–2.08) 0.011 1.44 ((0.96–2.17) 0.081 1.30 (1.15–1.47) o 0.001
5 1.71 (1.26–2.34) 0.001 1.70 (1.13–2.55) 0.010 1.27 (1.13–1.44) o 0.001
6 1.67 (1.23–2.29) 0.001 1.75 (1.16–2.62) 0.007 1.27 (1.12–1.43) o 0.001
7 1.39 (1.03–1.89) 0.034 1.29 (0.87–1.91) 0.208 1.29 (1.15–1.46) o 0.001

n Model 1, adjusted for age and sex; Model 2, model 1 plus region, education, obesity, smoking, and exercise; Model 3, model 2 plus hypertension;
Model 4, model 2 plus diabetes mellitus; Model 5, model 2 plus hypercholesterolemia; Model 6, model 2 plus cardiovascular disease; Model 7,
adjusted for all covariates.
CI, confidence interval; eGFR estimated glomerular filtration rate; OR odds ratio.
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the correlations between periodontitis and CKD markers
remained consistent after adjusting the covariates (Table 3).
Periodontitis was a significant predictor of decreased eGFR
independent of all covariates. When ORs and P values were
considered, hypertension and diabetes mellitus seemed to
exert a relatively strong effect on the correlation between
periodontitis and decreased eGFR, compared to hypercholes-
terolemia or a history of cardiovascular disease. For protei-
nuria, periodontitis was not an independent predictor. Among
the covariates, hypertension and diabetes mellitus had stron-
ger effects on the correlation with proteinuria than hyperch-
olesterolemia or a history of cardiovascular disease. For
hematuria, periodontitis was significantly correlated and had
a similar OR, regardless of the adjusted covariates. We com-
pared the predictive strengths of the CKD markers between
the logistic models with and without periodontitis as an
independent variable (Table 4). The predictive strengths were
measured using a pseudo R2 calculated by three different
methods. All levels of the pseudo R2 in the model that
considered periodontitis were greater than the levels in the
model that did not account for periodontitis.
Discussion

Both periodontitis and CKD are important health issues, but
their potential relationship is limited because previous studies
have only considered decreased eGFR and have not included
Koreans. In this population-based study using data from a
nationally representative survey, we first evaluated the corre-
lation between periodontitis and CKD markers, including
proteinuria and hematuria in addition to decreased eGFR.
Multivariate analyses showed independent correlations of
periodontitis with decreased eGFR and hematuria; however,
its correlation with proteinuria was not significant after
adjusting for hypertension or diabetes mellitus. Furthermore,
the model for predicting the presence of CKD markers was
enhanced when periodontitis was included, which indicates
that periodontitis can be considered when exploring the
factors related to CKD.

The present study has important implications. CKD and
end-stage renal disease, the final stage of CKD, are the
strongest causes of cardiovascular morbidity and mortality
[1,2]. Therefore, efforts to identify potentially modifiable



Table 4. Predictive strengths of the logistic regression model for chronic kidney disease

Method Decreased eGFR Proteinuria Hematuria

Periodontitis (�) Periodontitis (þ) Periodontitis (�) Periodontitis (þ) Periodontitis (�) Periodontitis (þ)

Cox and Snell 0.0393 0.0396 0.0120 0.0121 0.0446 0.0460
Nagelkerke 0.2659 0.2679 0.1014 0.1026 0.0784 0.0809
McFadden 0.2507 0.2526 0.0958 0.0970 0.0542 0.0560

Data are expressed as pseudo R2.
eGFR, estimated glomerular filtration rate.
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factors associated with CKD are required to reduce the large
burden of CKD. Previously, studies have suggested period-
ontitis to be a modifiable risk factor of moderately decreased
eGFR (o 60 mL/min/1.73 m2) [8–10]. However, moderately
decreased eGFR appears in late-stage CKD (ZStage 3) [3]. It
is plausible that earlier identification of CKD will lead to a
greater reduction in the burden of CKD and end-stage renal
disease. Several blood and urinary markers have been pro-
posed or are under development as early markers of kidney
damage [19]. Among them, urinary abnormalities, such as
proteinuria and hematuria, can be easily measured in both
inpatient and outpatient settings. Both parameters can also
predict morbidity and mortality, as can decreased eGFR
[20,21]. Taken together, the present study has important
implications by demonstrating an association between period-
ontitis and markers of CKD, including proteinuria and hema-
turia. Furthermore, this study is the first to confirm such
associations in the general Asian population. Although a
potential association between periodontitis and CKD in Asians
has been suggested, all previous studies have focused on
correlations in population subgroups, such as in elderly parti-
cipants [22,23].

Periodontitis is derived from the interaction between spe-
cific bacterial species and components of the host immune
response. Subsequently, periodontitis leads to systemic inflam-
mation, which has been verified in previous studies showing
increased systemic inflammatory markers in participants
with periodontitis [24]. In this regard, a correlation between
periodontitis and CKD is plausible because systemic inflam-
mation is a well-known traditional risk factor of CKD [25]
although further experimental studies are warranted. How-
ever, whether each CKD marker is separately related with
periodontitis is not yet known. For decreased eGFR, both direct
and indirect effects of periodontitis were identified [13]. In this
study, hypertension and diabetes mellitus were possible med-
iators between periodontitis and decreased eGFR. The present
study showed that periodontitis was an independent predictor
of decreased eGFR although the correlation power seemed to
be affected by hypertension and diabetes mellitus because the
ORs and the significance of periodontitis decreased after
adjusting for these conditions. Viewed from this result, it
can be suggested that periodontitis has an indirect effect on
decreased eGFR via hypertension and diabetes mellitus, in
addition to its direct effect, all of which support previous study
results [13]. This explanation is plausible because periodontitis
is known to increase the risk of hypertension and diabetes
mellitus [7,26]. According to the previous studies including a
meta-analysis [7,27], periodontitis is associated with cardio-
vascular disease. With this respect, the correlation between
periodontitis and CKD may be attributable to cardiovascular
disease.
The correlation of periodontitis with proteinuria was signifi-
cant in the univariate analysis but not in the multivariate
analyses, especially after adjusting hypertension and diabetes
mellitus. Unlike the present results, two previous studies showed
a significant correlation between periodontitis and proteinuria
[28,29]. However, participants in those studies were hypertensive
[28] or diabetic [29], and not representative of the general
population. It can be suggested that, if participants are under
the conditions of hypertension or diabetes mellitus, periodontitis
is an additional predictor of proteinuria. However, the effect of
periodontitis in the general population may be weak in causing
proteinuria compared with hypertension or diabetes mellitus.
This explanation is plausible because hypertension and diabetes
mellitus are the two most common causes of proteinuria
[9,30,31].

Unlike decreased eGFR and proteinuria, the correlation
between periodontitis and hematuria was strong, regardless
of other covariates such as hypertension and diabetes mellitus.
Hematuria is an important marker of kidney damage and a
common sign of glomerulonephritis [21,32], whereas it is
not common in patients with hypertensive nephrosclerosis
or diabetic nephropathy, who often have decreased eGFR and
proteinuria [33]. Because glomerulonephritis is characterized
by inflammation of the glomerulus, it can be suggested that
periodontitis is directly linked to hematuria of glomerulone-
phritis via an inflammatory process [34], and not indirectly via
hypertension or diabetes mellitus. Taken together, hematuria
may be more reliable than eGFR or proteinuria as a marker of
direct kidney damage, especially in light of glomerulonephritis
being linked to periodontitis.

The present study used a dataset from the KNHANES, a
study that was conducted in a representative sample of the
general Korean population under strict quality control criteria.
Although the present study has important strengths, it also has
some limitations. First, reverse causation cannot be excluded
as an explanation for our results because of the cross-sectional
study design. Additional interventional studies are needed to
address this issue although some preliminary data have
shown improved kidney function after periodontal treatment
[35]. Second, CKD markers including decreased eGFR, protei-
nuria, and hematuria mostly originate from kidney damage,
but these markers may be present after damage to other
organs such as heart and liver, albeit with low frequency.
Third, we conducted this study only in Korean adults; this
aspect is both a strength and a weakness. Care must be taken
when applying our study results to other ethnicities. Fourth,
the CPI method has been shown to overestimate or under-
estimate the incidence of periodontitis. However, such a bias
would have supported the null hypothesis. Fifth, the subgroup
analysis in the participants with decreased eGFR could not be
conducted because of the small sample size (n¼349). The next
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objective is to conduct a study with a sufficient sample
size that targets participants with decreased eGFR or other
comorbidities.

In conclusion, this study was the first to confirm a correla-
tion between periodontitis and CKD markers, including
decreased eGFR, proteinuria, and hematuria in Korean adults.
The correlation trends were different according to each CKD
marker; these results may be attributable to the different
interaction between periodontitis and CKD. The present find-
ings should be considered in future clinical studies that
address periodontitis and CKD. In addition, further interven-
tional and experimental studies are warranted to validate the
present findings and to determine whether periodontal treat-
ment can ameliorate the risk of CKD.
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