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Abstract: Albuminuria and periodontitis are both commonly associ-

ated with systemic inflammation. However, the association between

urinary albumin excretion (UAE) and periodontitis in patients with type

2 diabetes has not been fully investigated. This study aimed to inves-

tigate the association between UAE and periodontitis in Korean adults

with type 2 diabetes.

This study performed a cross-sectional analysis and used hierarch-

ical multivariable logistic regression analysis models. Data from the

2012 Korean National Health and Nutrition Examination Survey were

analyzed. A total of 547 patients, with type 2 diabetes without renal

impairment, were included in this study. UAE was assessed using the

urinary albumin to creatinine ratio (UACR). A community periodontal

index greater than or equal to code 3 was used to define periodontitis.

The risk of periodontitis tended to increase as UACR increased even

after adjustment for potential confounders (P for trend in the odds

ratios¼0.05 in model 1; 0.02 in model 2; and 0.01 in model 3). In a

subgroup analysis, the prevalence of periodontitis was significantly

higher in the patients with albuminuria (UACR>30 mg/g) than in those

without albuminuria among patients younger than 65 years (P¼0.03),

those with newly diagnosed diabetes (P¼0.04), or those without

obesity (P¼ .04).

UAE was positively associated with the risk of periodontitis in

Korean adults with type 2 diabetes. In the patients who were younger,

were newly diagnosed with diabetes, or had normal body mass index,

individuals with albuminuria were more likely to have a higher preva-

lence of periodontitis. Early identification of periodontitis may be
, DDS, PhD, Yong , PhD,
and Yong Gyu Park, PhD

Abbreviations: BMI = body mass index, BP = blood pressure, CI =

confidence interval, CKD = chronic kidney disease, CPI =

community periodontal index, CVD = cardiovascular disease,

FPG = fasting plasma glucose, GFR = glomerular filtration rate,

HbA1c = glycated hemoglobin, OR = odds ratio, TG = triglyceride,

UACR = urinary albumin to creatinine ratio, UAE = urinary

albumin excretion, WBC = white blood cell.

INTRODUCTION

A lbuminuria is already known to be an early marker for
diabetic nephropathy. Furthermore, it has been reported to

be independently associated with an increased risk of future
cardiovascular morbidity and mortality in patients with diabetes
or hypertension and even in the general population.1–4 It is a
potential indicator of general vascular damage reflecting sub-
clinical atherosclerosis.5,6

Periodontitis is a common inflammatory disease of the
periodontal tissue and is reported to affect almost half of the
general population worldwide.7 In diabetic patients, the risk of
periodontitis is greater and the disease course leading to tooth
loss may be more severe.8,9 Recently, periodontitis has been
associated with atherosclerotic vascular disease including dia-
betes, coronary heart disease, and stroke.10,11 Furthermore, it is
reported to be predictive of cardiovascular disease (CVD)
risk and deaths from renal disease and CVD in people with
type 2 diabetes.12,13 Chronic inflammatory processes of
periodontitis seem to play a role in these associations.14 There-
fore, it is important to determine factors that are associated
with periodontitis.

Both albuminuria and periodontitis appear to be related
with systemic inflammation, but there is limited evidence for
the association between them. A few previous studies showed
the association between severe periodontitis and renal altera-
tions.15,16 However, the association between periodontitis and
urinary albumin excretion (UAE) indicating early renal changes
in patients with type 2 diabetes has yet to be fully investigated.
For these reasons, the present study aimed to investigate the
association between UAE and periodontitis in Korean adults
with type 2 diabetes using nationally representative data.

METHODS

Survey and Subjects
This population-based, cross-sectional study analyzed data

from the 2012 Korea National Health and Nutrition Examin-
ation Survey. The Korea National Health and Nutrition Exam-
tionwide survey of noninstitutionalized
8, has been conducted by the Division of
illance of the Korea Centers for Disease
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Control and Prevention and the Korean Ministry of Health and
Welfare. The survey was designed to assess national health and
nutritional status and consists of a health interview, nutritional
assessment, and health examination. Participants were selected
from sampled household units based on population and the
housing census from the 2005 National Census Registry in
Korea by using a stratified, multistage, and probability-based
sampling design with proportional allocation.

Of 8058 participants sampled, 1765 individuals were aged
<19 years, 1365 had missing data, 4325 did not have type 2
diabetes, and 56 with estimated glomerular filtration rate (GFR)
<60 mL/min/1.73 m2 were excluded. Data for 547 diabetic
adults (266 men and 281 women) were used for the analyses.
All participants signed an informed consent form and the
institutional review board of the Korea Centers for Disease
Control and Prevention approved the study protocol.

Lifestyle and Socioeconomic Variables
All patients were asked about their smoking status, alcohol

consumption, physical activity, educational level, and monthly
household income. Based on their answers to the self-reported
questionnaire, patients were classified as nonsmokers or ever-
smokers. Ever-smokers were defined as patients who had
smoked at least 5 packs of cigarettes in their whole lives.
Patients were categorized as nondrinkers, light to moderate
drinkers (1–30 g/day), or heavy drinkers (>30 g/day) on the
basis of their average alcohol intake per day in the month before
the interview.17 Depending on the International Physical
Activity Questionnaire short form modified for Korea,18

patients were considered regular physical exercisers if they
exercised moderately more than 5 times per week for >30 min-
minutes per session or exercised vigorously more than 3 times
per week for >20 minutes per session. Educational level was
categorized into 2 groups according to number of years of
schooling: >12 years (high school graduate or some high
school) or less. Monthly household income level was divided
into the lower 25 percentile of the total patients or higher.

Anthropometric and Biochemical Measurements
Anthropometric and biochemical measurements were per-

formed by trained staff members. Waist circumference was
measured at the midpoint between the lower border of the
rib cage and the iliac crest in a standing position. The height
(cm) and weight (kg) were measured to the nearest 0.1 cm and
0.1 kg, respectively, with patients wearing light clothing without
shoes. Body mass index (BMI) was calculated by dividing
weight (kg) by height squared (m2). A BMI �25 kg/m2 was
defined as the presence of obesity.19,20 Blood pressure (BP) was
measured 3 times with 5-minute intervals on the right arm in the
seated position using a mercury sphygmomanometer (Bauman-
ometer, WA Baum Co., Copiague, NY), and the mean value of
the 2nd and 3rd measurements was used in the analysis.

Blood and urine samples were obtained after fasting for at
least 8 hours. They were appropriately processed and immedi-
ately refrigerated and transported in cold storage to the Central
Testing Institute in Seoul Korea. Serum levels of total choles-
terol, triglyceride (TG), high-density lipoprotein cholesterol,
and fasting plasma glucose (FPG) were measured using a
Hitachi Automatic Analyzer 7600 (Hitachi, Tokyo, Japan) by
enzymatic methods using commercially available kits (Daiichi,
Tokyo, Japan). Glycated hemoglobin (HbA1c) level was
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measured using an HLC-723G7 (Tosoh, Japan) by high per-
formance liquid chromatography. Type 2 diabetes was defined
by an FPG level �126 mg/dL, HbA1c level �6.5%, treatment
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with insulin or oral hypoglycemic agents, or diagnosis by a
physician.21 Additionally, newly diagnosed diabetes was
defined by an FPG level �126 mg/dL or HbA1c level
�6.5%. The level of low-density lipoprotein cholesterol was
calculated using Friedewald formula in patients with a TG level
<400 mg/dL,22 but it was measured directly using commer-
cially available kits (Cholestest LDL, Sekisui Medical, Tokyo,
Japan) in subjects with a TG level �400 mg/dL. White blood
cell (WBC) counts were measured using a Sysmex XE-2100D
(Sysmex, Kobe, Japan) by laser flow cytometry. Serum and
urine creatinine levels were measured using a Hitachi Auto-
matic Analyzer 7600 by kinetic colorimetry. Urinary albumin
level was measured using the same tool by a turbidimetric assay.
Albuminuria was defined as a urinary albumin to creatinine
ratio (UACR) of �30 mg/g.23 The estimated GFR was calcu-
lated by using the formula referred to in the Modification of Diet
in Renal Disease study.24

Oral Health Behaviors and Periodontitis
The daily frequency of tooth brushing and use of secondary

oral products were recorded as oral health behaviors. Secondary
oral products included dental floss, mouthwash, an interdental
brush, and an electric toothbrush.

Trained and calibrated dentists examined the periodontal
status of the patients. The World Health Organization (WHO)
community periodontal index (CPI) was used to evaluate per-
iodontitis. Periodontitis was diagnosed when a CPI was greater
than or equal to code 3.25–27 The code 3 represents that there was
1 or more site of>3.5 mm pocket in the index teeth. The numbers
of index teeth were 2, 3, 8, 14, 15, 18, 19, 24, 30, and 31 according
to the Universal Numbering System adopted by the American
Dental Association. The mouth was divided into sextants and a
sextant was examined using a CPI probe with a 0.5 mm ball tip
that met the WHO guideline. A sextant was examined only if
there at least 2 teeth present that were not planned for extraction.
If index teeth satisfied for examination were not present in a
sextant, the highest score from all remaining teeth examined was
selected as the score for that sextant.

Statistical Analyses
All data are presented as mean� standard error (SE) or

percentage (SE). A chi-square test for categorical variables or an
independent t-test for continuous variables was performed to
assess the differences in characteristics according to the pre-
sence of periodontitis or range of UACR. A hierarchical multi-
variable logistic regression analysis was used to evaluate the
risk of periodontitis in relation to UAE, and odds ratios (ORs)
and 95% confidence intervals (CIs) were calculated after
adjusting for potential confounders. Model 1 was adjusted
for age, sex, and duration of diabetes. Variables adjusted in
model 1 plus BMI, smoking status, alcohol consumption,
physical activity, education level, and household income level
were adjusted in model 2. Model 3 was adjusted for the variables
adjusted in model 2 plus daily frequency of tooth brushing, use
of secondary oral products, systolic BP, TG, and WBC count.
Statistical analyses were performed by using the survey pro-
cedure of SAS (Version 9.2, SAS Institute, Cary, NC) to account
for the complex sampling design. Two-sided P values of <0.05
were considered an indicator of statistical significance.

Medicine � Volume 94, Number 42, October 2015
RESULTS
A total of 547 patients with type 2 diabetes, but without

renal impairment, were included in this study. Table 1 shows

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 1. Baseline Clinical Characteristics of Study Subjects According to the Presence of Periodontitis

Periodontitis

No Yes P Value
�

Number 309 238
Age, year 56.8� 0.9 60.5� 0.9 0.004
Sex (% of males) 47.5 (3.4) 59.4 (3.3) 0.01
Ever-smoker, % 24.5 (3.7) 40.9 (4.1) 0.003
Heavy drinker, % 10.4 (2.7) 11.3 (3) 0.82
Regular physical activity, % 14.9 (2.3) 12.1 (2.5) 0.42
Education level (�12 y, %) 52 (3.5) 40.4 (3.9) 0.04
Low household income, % 23.5 (2.7) 31.1 (3.6) 0.08
Daily frequency of tooth brushing 0.11
�1 40.5 (3.2) 45.7 (3.9)
2 30 (3) 35 (3.5)
�3 29.5 (3) 19.3 (3.7)

Use of secondary oral products, % 44.7 (3.5) 28.6 (3.5) 0.001
Duration of diabetes, years 4.7� 0.5 4.4� 0.5 0.60
Medical treatment for diabetes, % 51.7 (3.8) 50.4 (3.7) 0.81
Newly diagnosed DM, % 40.4 (3.7) 43.9 (4) 0.49
Hypertension, % 55.8 (3.6) 60.9 (4.3) 0.34
BMI, kg/m2 25.5� 0.3 25.1� 0.3 0.36
WC, cm 86.6� 0.8 87.7� 0.8 0.29
Systolic BP, mmHg 128.7� 1.3 128.6� 1.5 0.96
Diastolic BP, mmHg 78.2� 0.9 78� 1 0.92
FPG, mg/dL 137.4� 3.1 142.3� 3.6 0.32
HbA1c, % 7.3� 0.1 7.4� 0.1 0.79
TC, mg/dL 191.8� 4 191.3� 3.4 0.91
TG, mg/dLy 157.5 (142.3, 174.2) 152.8 (138.2, 168.9) 0.67
HDL-C, mg/dL 46.9� 0.8 45.9� 0.8 0.34
LDL-C, mg/dL 107.5� 3 110.5� 3.2 0.48
WBC count, �109/Ly 6.3 (6.1, 6.6) 6.4 (6.2, 6.6) 0.60
Serum creatinine, mg/dL 0.83� 0.01 0.84� 0.01 0.53
eGFR, mL/min/1.73 m2 90.6� 1.1 90.2� 1.2 0.87
UACR, mg/gy 11.0 (9.5, 13.4) 15.4 (12.3, 19.3) 0.02
UACR >30 mg/g 16.6 (2.6) 27.1 (4) 0.02

Values are presented as the mean� standard error for continuous variables or as the proportion (standard error) for categorical variables.
BMI¼ body mass index, BP¼ blood pressure, DM¼ diabetes mellitus, eGFR¼ estimated glomerular filtration rate, FPG¼ fasting plasma glucose,
HbA1c¼ glycated hemoglobin, HDL-C¼ high-density lipoprotein cholesterol, LDL-C¼ low-density lipoprotein cholesterol, TC¼ total cholesterol,
TG¼ triglyceride, UACR¼ urinary albumin to creatinine ratio, WBC¼white blood cell, WC¼waist circumference.�
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baseline clinical characteristics of the patients according to the
presence of periodontitis. Patients with periodontitis were more
likely to be ever-smokers and to have a lower educational level.
The daily frequency of tooth brushing was similar between 2
groups, but the rate of secondary oral products use was higher in
patients without periodontitis. Duration of diabetes, proportion
of medical treatment for diabetes, prevalence of newly diag-
nosed diabetes or hypertension was not significantly different
between the patients with and without periodontitis. The car-
diometabolic markers including BMI, waist circumference,
systolic and diastolic BP, FPG, HbA1c, total cholesterol, TG,
high-density lipoprotein cholesterol, low-density lipoprotein
cholesterol, and WBC count did not differ significantly between
the groups. The mean UACR was 15.4 mg/g in patients with

Obtained by t-test for continuous variables or by chi-square test fo
yLog transformation was performed to obtain P values and value re
periodontitis and the value was 11.0 mg/g in patients without
periodontitis (P¼ 0.02). The prevalence of albuminuria
(defined as UACR >30 mg/g) was significantly higher in

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
patients with periodontitis (P¼ 0.02). Figure 1 shows the
prevalence of periodontitis according to UACR. The period-
ontitis prevalence increased with increasing UACR (P for trend
<0.001).

Table 2 shows the risk of periodontitis according to UAE.
After adjustment for age, sex, and duration of diabetes (model 1),
the OR (95% CI) of periodontitis was 0.95 (0.55–1.64) in patients
with 10 �UACR <30 mg/g, 1.59 (0.89–2.82) in those with 30
�UACR <300 mg/g, and 3.25 (1.21–8.71) in those with UACR
�300 mg/gand the ORsshow an increasing trend with a borderline
significance as the UACR values increased (P for trend¼0.05).
After additional adjustment for BMI, smoking status, alcohol
consumption, physical activity, education level, and household
income level (model 2), the OR (95% CI) of periodontitis was

tegorized variables.
ents geometric mean (95% confidence interval).
1.22 (0.65–2.30) in patients with 10 �UACR <30 mg/g, 1.87
(0.97–3.58) in those with 30 �UACR <300 mg/g, and 4.56
(1.21–17.14) in those with UACR�300 mg/g and the ORs tended

www.md-journal.com | 3
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to increase as the UACR increased (P for trend¼ 0.02). These
associations persisted in the analyses after further adjustment for
daily frequency of tooth brushing, use of secondary oral products,
systolic BP, TG, and WBC count (model 3). The OR (95% CI) of
periodontitis was 1.35 (0.69–2.65) in patients with 10 �UACR
<30 mg/g, 2.11 (1.05–4.25) in those with 30�UACR <300 mg/
g, and 4.09 (1.14–14.73) in those with UACR�300 mg/g and the
ORs show an increasing trend as the UACR increased (P for
trend¼ 0.01).

Figure 2 shows the association between UACR and the
prevalence of periodontitis in subgroups based on age, time of
diagnosis of diabetes, and BMI. The prevalence was signifi-
cantly higher in the patients with albuminuria (UACR >30 mg/
g) than those without albuminuria in patients younger than 65

FIGURE 1. Prevalence of periodontitis according to urinary albu-
min to creatinine ratio (P for trend <0.001).
years (P¼0.03), those with newly diagnosed diabetes

(P¼0.04), or those without obesity (P¼0.04). The prevalence
did not differ in the other subgroups.

DISCUSSION
In the present study, the risk of periodontitis was positively

associated with UAE in Korean adults with type 2 diabetes. This
association between UACR and periodontitis was independent
of various potential-confounding factors including age, sex,
duration of diabetes, BMI, smoking status, alcohol consump-

tion, physical activity, educational and income levels, systolic
BP, TG, WBC count, daily frequency of tooth brushing, and use
of secondary oral products. A subgroup analysis revealed that in

TABLE 2. Odds Ratios for Periodontitis According to Urinary Alb

Model 1
�

Urinary albumin to creatinine ratio (UACR), mg/g
UACR< 10 (n¼ 281) 1
10�UACR< 30 (n¼ 138) 0.95 (0.55, 1.64)
30�UACR< 300 (n¼ 106) 1.59 (0.89, 2.82)
UACR� 300 (n¼ 22) 3.25 (1.21, 8.71)
P for trend 0.05

�
Model 1 was adjusted for age, sex, and duration of diabetes.
yModel 2 was adjusted for variables in model 1 plus body mass index, smok

household income level.
zModel 3 was adjusted for variables in model 2 plus daily frequency of

triglyceride, and white blood cell count.
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the younger patients, those with newly diagnosed diabetes, and
those without obesity, the prevalence of periodontitis was
significantly higher in the patients with albuminuria than in
those without albuminuria.

Periodontitis has increasingly been reported to be associ-
ated with chronic kidney disease (CKD).28,29 Both periodontitis
and CKD pertain to chronic, low-grade inflammation. The
measures of periodontal disease were demonstrated to be
associated with marked leukocytosis in patients with CKD.30

Persistent inflammation caused by periodontitis may lead to
endothelial dysfunction and contribute to the development of
kidney disease.31 Although the exact mechanism of the associ-
ation between periodontitis and UAE in diabetic patients with-
out renal impairment that is shown in this study has not been
fully elucidated, a chronic inflammatory process seems to be the
link. Albuminuria is known to indicate systemic inflammation
and vascular endothelial dysfunction, and to be associated with
the risk of CKD or CVD.32 Periodontitis has been recognized as
a cause of low-grade chronic inflammation, which results in the
production of proinflammatory cytokines and promotes
systemic inflammation.33 Inflammation caused by periodontitis
is also associated with atheroma or abnormal lipid metabolism
resulting in CVD.34 Inversely, previous studies have shown that
the treatment for periodontitis lowers the levels of inflammatory
markers.35,36 As such, both UAE and periodontitis are com-
monly related to persistent inflammation that may lead to
vascular endothelial dysfunction. They may also be interrelated
bidirectionally and deleteriously affect each other. In addition,
the reason for the positive correlation between UAE and period-
ontitis might be that both are associated with metabolic syn-
drome or insulin resistance-related characteristics.37–39

However, further study is needed to confirm this association
because the cross-sectional design of this study cannot directly
explain it.

Periodontitis is well known to be not only a local phenom-
enon but also connected with systemic diseases, including
diabetes. Although periodontitis is recognized as a multifactor-
ial disease, the risk factors of periodontitis appear to be con-
troversial. Furthermore, the causative factors of periodontitis in
diabetic patients remain to be elucidated.40 To our knowledge,
no study has assessed the relationship between UAE and
periodontitis in diabetic patients without renal impairment. A
few studies investigated the association between renal changes

Medicine � Volume 94, Number 42, October 2015
and periodontitis in diabetic patients. A study of nonobese
Japanese patients with type 2 diabetes showed that the IgG
titier for Porphyromonas gingivalis was correlated with UACR.

umin Excretion

Model 2y Model 3z

1 1
1.22 (0.65, 2.30) 1.35 (0.69, 2.65)
1.87 (0.97, 3.58) 2.11 (1.05, 4.25)
4.56 (1.21, 17.14) 4.09 (1.14, 14.73)
0.02 0.01

ing status, alcohol consumption, physical activity, educational level, and

tooth brushing, use of secondary oral products, systolic blood pressure,

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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However, this study did not consider potential confounders.15 A
study among American Indians with type 2 diabetes revealed
that periodontitis predicts the development of overt nephro-
pathy and end-stage renal disease.16 The findings of these
previous studies appear to be partly consistent with our findings,
but the previous studies did not consider confounders or
assessed late-stage renal disease. This is the first study to
investigate the role of UAE as a predictor of periodontitis only
in diabetic patients without definite renal impairment with
consideration of potential confounders possibly related to both
UAE and periodontitis.

It is interesting that in the present study, a subgroup
analysis revealed that in younger patients, those with newly
diagnosed diabetes, or those without obesity, the prevalence of
periodontitis was higher in patients with albuminuria than in
those without albuminuria. Aging, longer duration of diabetes,
and obesity can be characterized by chronic low-grade inflam-
mation.41 Among the diabetic patients included in this study,
younger patients, those with newly diagnosed diabetes, or those
without obesity were expected to have milder inflammatory
responses than the other groups. Thus, additional findings from
subgroup analyses may support the main findings of this study,
that is, the difference in periodontitis prevalence between
patients with albuminuria and those without albuminuria was
more distinct in these subgroups. UAE in type 2 diabetic
patients without renal impairment may reflect early renal
changes in patients with a relatively early stage of diabetes
without severe complications. Concurrently, a previous animal
study that used Zucker fatty rats (a well-characterized model of
prediabetes) reported that periodontitis was associated with
development of early renal changes.42 Therefore, the findings
of this study may be meaningful in that this study investigated
the association between periodontitis and UAE reflecting early
renal change exclusively in type 2 diabetic patients without
renal impairment. Our findings suggest that UAE is positively
associated with periodontitis in patients with relatively early-
stage diabetes as opposed to the findings shown in previous
studies that assessed the association between periodontitis and

FIGURE 2. Association between urinary albumin to creatinine ratio
time of diagnosis of diabetes, and body mass index (

�
P<0.05).
overt nephropathy. These findings also suggest that UAE might
be an independent and more relevant surrogate of periodontitis
than GFR in diabetic patients without renal impairment.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
The present study has several limitations. First, the cross-
sectional design cannot explain the causal relationship between
UAE and periodontitis. Second, the value of UACR assessed
from single-void random urine samples could be incorrect.
Third, the specific types of antihypertensive agents possibly
related with UAE or renal function could not be evaluated from
data based on self-reported questionnaires. Despite these limita-
tions, this study provides epidemiological evidence for an
association between UAE and periodontitis in type 2 diabetes
by using nationally representative data reflecting a single
ethnicity. This study was conducted exclusively with type 2
diabetic patients without definite renal impairment, and poten-
tial confounders related to UAE or periodontitis were con-
sidered in the analysis.

In conclusion, UAE was positively associated with the risk
of periodontitis in Korean adults with type 2 diabetes without
definite renal impairment. In a subgroup analysis, among the
younger patients, those who were newly diagnosed with dia-
betes, or those who had a normal BMI, the patients with
albuminuria were more likely to have periodontitis. Therefore,
early identification of periodontitis as a surrogate marker of
adverse renal and cardiovascular outcomes may be helpful in

/g) and the prevalence of periodontitis in subgroups based on age,
Korean diabetic adults with increased UAE.
A longitudinal study or an intervention trial is necessary to

ascertain the association.
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