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Improved oral hygiene ca
re and chronic kidney
disease occurrence
A nationwide population-based retrospective cohort study
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Abstract
Oral diseases or poor oral hygiene have close connections with systemic inflammatory reaction, which is one of major mechanism in
the development of chronic kidney disease (CKD). We conducted a research assuming that better oral hygiene care would be
negatively related with the risk of developing new-onset CKD.
From 2003 to 2004, a total of 158,495 participants from the Korean national health insurance data sharing service which provides

health screening data including variables as age, sex, vascular risk factors, medication information, indicators regarding oral hygiene,
and laboratory results. The diagnosis of CKD and vascular risk factors were defined according to the International Statistical
Classification of Diseases and Related Health Problems codes-10th revision. The follow-up period for the study subject was until the
occurrence of CKD, until death, or Dec 31, 2015.
Approximately 13.3% of the participants suffered from periodontal disease, and 40.7% brushed their teeth at least three times a

day. With a median of 11.6 (interquartile range 11.3–12.2) years’ follow-up, the cohort included 3223 cases of incident CKD. The 10-
year incidence rate for CKD was 1.80%. In multivariable analysis with adjustment for age, sex, demographics, vascular risk factors,
blood pressure, and blood laboratory results, frequent tooth brushing (≥3 times a day) was negatively related to occurrence of CKD
(hazard ratio: 0.90, 95% confidence interval [0.83–0.99], P= .043, P value for trend= .043).Participants with improved oral hygiene
(≥3 times a day) have showed less risk of CKD. Additional interventional studies are in need to establish causative relationship
between oral hygiene and risk of CKD.

Abbreviations: CIs = confidence intervals, CKD = chronic kidney disease, HRs = hazard ratios, ICD-10 = International Statistical
Classification of Diseases and Related Health Problems, Tenth Revision, NHIS-HEALS = the National Health Insurance System-
National Health Screening Cohort.
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1. Introduction

Chronic kidney disease (CKD) is one of most significant health
problems facing the world. Approximately 8%∼10% of the
general population is considered to have mild-to-moderately
decreased renal function, and the prevalence of CKD continues to
increase.[1–3] Moreover, CKD is a major cause of cardiovascular
disease, cerebrovascular disease and death.[4] Thus, it is necessary
to investigate and identify risk factors associated with CKD
development.
Meanwhile, oral disease, for instance tooth loss and

periodontal disease, is common in general populations world-
wide.[5] The tooth loss or periodontal disease can cause focal
inflammation of surrounding tissues such as gingiva, ligaments of
periodontal organ, and alveolar bone.[6] In addition, these tooth
loss or periodontal disease may also cause systemic inflamma-
tion.[6] Also, there are other oral hygiene indicators including
tooth brushing frequency and professional scaling. Tooth
brushing is associated with good oral hygiene.[7] Regular
brushing can reduce periodontal disease and oral disease.[8,9]

Since oral hygiene has an effect on systemic health, frequent tooth
brushing actually reduced the risk for development of diabetes,
heart failure, and atrial fibrillation in general population
studies.[10,11]

The inflammatory reactions are a major contributor to the
development of CKD.[12] In a population-based cohort study,
systemic inflammatory biomarkers were associated with in-
creased risk of developing incident CKD.[13] Because periodontal
disease may be associated with microbially triggered chronic
inflammatory disease, these systemic inflammatory response by
oral infection and release of inflammatory cytokines and their
mediators can affect renal dysfunction.[12,14] In addition, tooth
brushing can reduce inflammation in the oral cavity and the
resulting systemic inflammatory reactions, and vice versa.[8,9,15]

In contrary, bacteraemia can be transiently induced by tooth
brushing.[16] Therefore, it can be presumed that the inflammatory
reaction caused by periodontitis or poor oral hygiene manage-
ment may affect the development of CKD. Furthermore, CKD
patients often develop oral diseases such as periodontitis or
gingivitis,[17,18] and patients with hemodialysis are more prone to
severe periodontal diseases.[19] But most studies that have shown
associations between oral health and CKD are case–control or
cross-sectional studies on specific populations.
We assumed that good oral hygiene care may be negatively

related with the risk of CKD development in a general
population-based longitudinal study. We aimed to clarify the
relationship between oral hygiene indicators and CKD in a
nationwide general population-based cohort.
2. Methods

2.1. Study design and data sources

The design of our study was a retrospective cohort study. In our
study, 171,829 participants older than 40years who participated
in oral health examination were selected from the National
Health Insurance System-National Health Screening Cohort
(NHIS-HEALS) between 2003 and 2004.[10,20] The National
Health Insurance Service is the only public insurance agency in
Korea, with most Koreans covered by the insurance. All insured
persons are entitled to a biennial standardized medical
examination that includes routine medical check-up, lifestyle
survey and oral health check-up. The cohort data consist of
2

demographic data, salary level, alcohol drinking, smoking status,
exercise status, blood pressure, body weight and height,
concomitant diseases including cardiovascular risk factors
(hypertension, diabetes mellitus, dyslipidemia, any malignancy,
atrial fibrillation, and heart failure), and oral health status.[11]

NHIS provides researchers with a random sampling database
of health screening including oral health examination and
medical information. Among the 171,829 participants, after
excluding 8094 participants with missing value for at least one
variable in oral health check-up, 4924 participants with missing
data for routine medical examination and 316 participants with
proteinuria and/or known renal disease (International Statistical
Classification of Diseases and Related Health Problems, Tenth
Revision (ICD-10); N17–19) before the index date (the day of the
health examination), 158,495 participants were finally included
in our study (Supplementary figure 1, http://links.lww.com/MD/
G493). The Institutional Review Board of Ewha Womans
University College of Medicine (2020–08–018) approved the
analysis and provided a consent waiver, as the data were
anonymized and freely accessible by the NHIS for study
purposes.
2.2. Definitions

The oral health screening program comprises a self-assessment
survey that includes questions regarding dental visits for any
reason within one year, tooth brushing frequency and profes-
sional scaling within one year. The periodontal disease was
defined as if a revised version of ICD-10 codes used in Korea
(acute and chronic periodontitis, periodontosis, and other or
unspecified periodontal disease [K052∼K056, respectively]) were
claimed at least two times by a dentist, or when participants were
performed therapy for periodontitis with relevant revised version
of ICD-10 codes (K052∼K056) by a dentist.[21–23] Oral hygiene
behavior was trichotomized according to the tooth brushing
frequency into 0∼1, 2, and ≥3 per day. Dental clinic visit and
professional scaling were both dichotomized into zero and more
than once a year. The number of tooth loss cases in the oral health
screening programwas confirmed by the dentists. Information on
alcohol consumption and smoking status was acquired through
self-assessment survey. The body mass index was considered as
the participant’s weight divided by the square of the participant’s
height. Regular exercise was defined as intense physical activity
performed more than 20minutes at least once a week. Body mass
index and laboratory results were applied with the most recent
dataset. Detailed definitions of comorbid diseases are described in
the supplementary material. (Supplementary method, which
demonstrates definition of variables, http://links.lww.com/MD/
G493).
The primary outcome was the occurrence of CKD (ICD-10

codes: N18.1, N18.2, N18.3, N18.4, N18.5, and N18.9), which
was defined as the disease entity being noted >2 times. The
included participants were followed to the occurrence of CKD,
death, or December 31, 2015. The diagnosis for CKD was used
and confirmed in previous studies.[24] The accuracy of diagnosis
for the risk factors including the CKD using the ICD-10 codes
was 85.0% to 94.1% in previous studies using the NHIS-HEALS
dataset.[24,25] Although the accuracy of diagnosis of vascular risk
factors using ICD-10 codes was 85.0%∼94.1% in previous
studies using the NHIS-HEALS dataset and overall sensitivity of
diagnosis for malignancy using ICD-10 codes was previously
found to be 92.8%, because we relied on ICD coding of the
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Table 1

Baseline characteristics of the study population.

Chang et al. Medicine (2021) 100:47 www.md-journal.com
principal diagnosis, we were not able to validate individual ICD
codes.[11,26,27]
Characteristics Total

No. of subjects 158,495
Age, y 52.3±8.8
Male sex 96,601 (60.9)
Earning levels
Fifth quintile (highest) 62,850 (39.7)
Fourth quintile 32,287 (20.4)
Third quintile 21,813 (13.8)
Second quintile 19,780 (12.5)
First quintile (lowest) 21,522 (13.6)
Covered by medical aid 243 (0.2)
Consumption of alcohol 74,670 (47.1)
Status of smoking
None 103,180 (65.1)
Former smoker 15,850 (10.0)
Current smoker 39,511 (24.9)
Physical activity 15,375 (9.7)
Anthropometric measurements
Body mass index, kg/m2 23.9±2.9
Systolic blood pressure, mmHg 126.2±17.1
Diastolic blood pressure, mmHg 79.2±11.1
Comorbidities
Hypertension 61,767 (39.0)
Diabetes mellitus 13,894 (8.8)
Dyslipidaemia 25,145 (15.9)
History of malignancy 12,423 (7.8)
Atrial fibrillation 647 (0.4)
Heart failure 1834 (1.2)
Laboratory findings
Total cholesterol, mmol/L 5.126±0.938
Fasting blood glucose level, mmol/L 5.367±1.576
Aspartate aminotransferase, U/L 26.0±16.0
Alanine aminotransferase, U/L 25.4±20.0
Gamma glutamyl transferase, U/L 38.0±52.5
Oral health status
Periodontal disease 21,109 (13.3)
Tooth loss
0 120,656 (76.1)
1–7 33,877 (21.4)
8–14 2352 (1.5)
2.3. Statistical analysis

Categorical variables are described as numbers (percent) and
continuous variables are noted as means± standard deviations.
To test the normality of the data, we used Shapiro-Wilk
normality test for continuous variables and each P value was
>0.05. Relationships between continuous variables were investi-
gated by independent t test or analysis of variance test, and
relationships between the categorical variables were assessed by
x2 test. The impact of oral hygiene indicators and behaviors on
the development of CKD were evaluated using Kaplan–Meier
analysis with log-rank tests. The Cox proportional hazard model
was utilized to identify associations between interested variables
and CKD occurrence. We identified the hazard ratios (HRs) and
95% confidence intervals (CIs). To confirm the association with
each oral hygiene indicators, multivariable regression analysis
were performed in after adjustments for age and sex (model 1);
age, sex, earning levels, consumption of alcohol, status of
smoking, physical activity, body mass index, vascular risk
factors, malignancy history, atrial fibrillation, and heart failure
(model 2); variables adjusted in model 2, systolic blood pressure,
and blood laboratory examination results (model 3). The linear
trend was estimated by number of teeth loss as a continuous
variable (none of teeth loss as 0, 1–7 teeth loss as 1, 8–14 teeth
loss as 2, 15–21 teeth loss as 3 and ≥22 teeth loss as 4) and
number of tooth brushings as a continuous variable (0–1 time per
day as 0, 2 times as 1, and≥3 times as 2).[11,23] Subgroup analyses
were investigated according to demographic data and vascular
risk comorbidities. The heterogeneity between oral hygiene
indicators and subgroups was estimated with a 2-sided Wald test
with adjusting variables used in model 3. Since the dataset
consists of a random sampling of general population, sample size
calculation to obtain statistical significance could not be
performed. Statistical analysis was performed with SAS software
(version 9.2, SAS Institute, Cary, NC). The P values with <.05
were considered as statistically significant.
15–21 765 (0.5)
≥22 845 (0.5)
Oral hygiene care
Dental clinic visit 67,306 (42.5)
Tooth brushing frequency (times/day)
0–1 23,314 (14.7)
2 70,710 (44.6)
≥3 64,471 (40.7)
Professional scaling 38,059 (24.0)

Data are expressed as the mean±SD, or n (%).
3. Results

The average age of the participants was 52.3years; 60.9% had
male sex, 39.0% was diagnosed with hypertension, 8.8% was
diagnosed with diabetes mellitus, and 24.9% were current
smokers. About 13.3% and 42.5% of participants had
periodontal disease and had visited dental clinic, respectively.
On the self-assessment survey report, 40.7% of the participants
brushed their teeth at least 3 times a day, and 24.0% of the
participants had professional scaling (Table 1).
During median 11.6years (11.3–12.2years for interquartile

range, from 2weeks to 12.9years) follow-up, the cohort included
3223 cases of new-onset CKD. The estimated 10-year event rate
was 1.80% for CKD. The Kaplan–Meier survival curves for CKD
are presented in Figure 1 according to oral hygiene indicators.
Periodontal disease and a large number of tooth loss were
positively related with an elevated risk of CKD occurrence
(P< .001). Meanwhile, the risk of CKD had a negative
correlation as the frequency of tooth brushing increased and
professional scaling (P< .001, for both parameters).
In multivariable models, periodontal disease was positively

related with the occurrence of CKD (HR [1.12]; 95% CI:1.02–
3

1.24; P= .016) in model 1, however, this association was
diminished in model 2 (HR [1.05]; 95% CI: 0.96–1.16; P= .288)
andmodel 3 (HR [0.96]; 95%CI: 0.96–1.17; P= .223). Increased
number of tooth brushings (≥3 times a day) was inversely
associated with development of CKD in model 1 (HR [0.86];
95% CI: 0.81–0.99: P= .030, P value for trend= .021), model 2
(HR [0.89]; 95% CI: 0.82–0.99; P= .040, P value for trend
= .041) and in model 3 (HR [0.90]; 95% CI:0.83–0.99; P= .043,
P value for trend= .043) (Table 2). Although relationship of other
oral health indicators (dental clinic visit, professional scaling and
tooth loss) with occurrence of CKD was noted in univariable
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Figure 1. Kaplan–Meier survival curves associated with oral health indicators and for risk of chronic kidney disease occurrence. The Kaplan–Meier curve shows
that risk of chronic kidney disease occurrence depends on periodontal disease (A) (P< .001) and tooth loss (B) (P< .001) were positively associated with an
increased risk of chronic kidney disease occurrence. Meanwhile, the risk of chronic kidney disease had a negative correlation with increased tooth brushing
frequency (C) (P< .001) and professional scaling (D) (P< .001), however, dental clinic visit (E) does not (P= .067).

Chang et al. Medicine (2021) 100:47 Medicine
analysis, these associations were weakened after adjusting
confounding factors in multivariable analysis (Table 2).
In the subgroup analysis, no statistical interaction was observed

between tooth brushing frequency and occurrence of CKD
regarding demographics or comorbidities (age, sex, alcohol
drinking, smoking status, exercise, and vascular risk factors) in
multivariable models 2 and 3 (Supplementary table 1 and 2, http://
links.lww.com/MD/G493, Tables that illustrate the subgroup
analysis). In contrast, participants with body mass index ≥25 and
tooth brushing frequency at least 3 times a day weremore strongly
associated with occurrence of CKD (P for interaction< .05)
(Supplementary table 1 and 2, http://links.lww.com/MD/G493,
Tables that illustrate the subgroup analysis).
4. Discussion

The main finding of our research is that increased tooth brushing
frequency, especially above 3 times a day, may attenuate the risk
of CKD occurrence. The cross-sectional relationship between
oral hygiene and CKD has been noted previously. In a case–
control study, participants with CKD had a higher frequency of
periodontal diseases such as gum bleeding, abnormal taste,
burning mouth, xerostomia, and candidiasis compared to those
of age- and sex-matched participants without CKD.[28] In
patients receiving peritoneal dialysis, frequent tooth brushing
was associated with a lower incidence of peritoneal dialysis-
related peritonitis.[29] Moreover, tooth brushing twice daily was
a favorable factor against periodontal disease in maintenance
hemodialysis patients.[30] In a longitudinal setting, poor oral
hygiene was found to be positively related to the risk of
cardiovascular disease in a European population.[31] In addition,
4

better oral hygiene care, including frequent tooth brushing and
professional scaling, were negatively related with the risk of
future cardiovascular events in healthy Asian adults.[23] Our
findings are consistent with these previous studies and also
suggest further evidence on the association between better oral
hygiene behavior and decreased risk for CKD occurrence.
In our study, periodontal disease was positively, and

professional scaling was negatively associated with CKD
occurrence in the univariable analysis. Periodontal disease was
a significant association factor for CKD in a Korean general
population survey study (odds ratio: 1.39).[32] Analyses of
12,947 adults representing the US population showed a positive
association between CKD and periodontal disease (odds ratio:
1.60).[33] In Asian general population cohort study, periodontal
disease was related with new-onset diabetes mellitus, which is a
major risk factor for the occurrence of CKD.[10] However, after
adjustment of several significant confounding factors, the
associations of periodontal disease and professional scaling with
the occurrence of CKD became insignificant. These results may
suggest that factors other than the periodontal disease and
professional scaling may underlie these associations with CKD.
Nevertheless, based on our findings that frequent tooth brushing
reduces the risk of CKD, along with the results of the univariable
analysis, oral hygiene improvement is likely to attenuate the risk
of CKD occurrence.
In our subgroup analysis, relatively obese participant with

frequent tooth brushing more significantly associated with
occurrence of CKD compared with non-obese participants.
Obesity is an important risk factor in the development and
progress of CKD.[34] Moreover, the tooth brushing frequency
and utilization of oral products for dental health was lower in
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individuals with obesity.[35] Although it is hard to give clear
evidence, it is plausible that obese participants may be not
frequently brush teeth, and these parts may have influenced the
more frequent occurrence of CKD, particularly in obese
participants.
Although our research could not exactly identify the mecha-

nism on which the relationship between oral hygiene and
occurrence of CKD, the following hypotheses may explain this
association. Periodontitis are closely related to systemic inflam-
mation,[36] one of the main causes of CKD. Gum ulcers in the
periodontal pockets allow oral bacteria to invade the systemic
circulation.[37] Oral bacterial pathogens are known to cause
alterations in the gut microbiota, which leads to indirect
induction of nephrotoxic toxins or a nephrotoxic microbiota
composition.[37] Furthermore, systemic inflammation caused by
poor oral hygiene has been associated with CKD. Serum
inflammatory markers including tumor necrosis factor-a,
interleukin-2, C-reactive protein, and interleukin-6 have been
positively correlated to the risk of CKD and were increased in
patients with poor oral hygiene.[38–42]

Meanwhile, regular and frequent tooth brushings are known
to lower the risk of periodontitis and reduce oral inflammatory
reactions.[9,15] In previous studies, frequent tooth brushing was
associated with decreased gingival pocket bacterial diversity,[43]

and decreased inflammatory biomarkers.[31] In addition, tooth
brushing improves oral hygiene trough reduction of dental
plaque,[44] and by reducing diversity of bacterial biofilm in oral
cavity.[45,46] As good oral hygiene can be maintained by daily
tooth brushing, our finding that frequent tooth brushing
decreases the risk of developing CKD may be ascribed to these
mechanisms.
Our study has several limitations. First, our dataset had not

considered genetic components. The genetic components of each
participant might be different, even if they were of the same race,
which might affect oral hygiene. Second, because our dataset
consists only of Asian populations, the conclusion of this research
cannot be generalized to other ethnicities. Third, although we
used the definition of CKD based on previous research, the causes
of CKD could not be identified in our study. Fourth, although
dentists have objectively determined whether periodontal disease
exists, it was not confirmed by unbiased methods such as dental
x-rays. Fifth, number of tooth brushing per day and professional
scaling were self-evaluated, so there is a possibility of recall bias.
Sixth, the NHIS-HEALS cohort dataset does not provide detailed
data about the participant’s education or occupation. Therefore,
income levels were the only adjustment variables that reflected
socioeconomic status. Seventh, because our study design is a
retrospective cohort study despite its longitudinal nature,
selection bias may exist. Finally, direct causal relationships
cannot be concluded, as association of frequent tooth brushing
with CKD can also be explained by the fact that people with
better oral hygiene may have healthier eating habits.
In conclusion, participants with improved oral hygiene (≥3

times a day) have shown less risk of CKD. Further investigations
are in need to investigate the effect of oral hygiene care for CKD.
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