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Abstract
Background

Tooth brushing is important for maintaining oral health and preventing periodontal diseases, which
commonly arise in patients with chronic kidney disease (CKD). However, the association between tooth
brushing frequency and kidney function decline remains unclear.

Methods

We conducted a retrospective longitudinal study at St Luke’s International Hospital, Japan, and
participants who underwent health examinations at the Centre for Preventive Medicine from 2005 to 2011
were included. Participants’ tooth brushing frequencies were assessed; multivariate analyses were
conducted using a generalized estimating equation to evaluate the association between tooth brushing
frequency and a composite renal outcome – composed of a 25% eGFR reduction, an eGFR of <15
mL/min/1.73 m², and a requirement for regular dialysis – after adjusting for potential covariates. We also
strati�ed participants by baseline CKD risk category to perform sub-analyses.

Results

Overall, 76,472 participants were included (mean age of 45.9 years) and 38,233 (50%) were male. During
follow-up, 8,219 participants (10.8%) experienced composite renal outcomes. Brushing teeth at least once
to twice a day was associated with signi�cantly lower incidences of composite renal outcomes than
brushing teeth less frequently (adjusted odds ratio [OR]: 0.26; 95% con�dence interval [CI]: 0.24–0.28 for
once to twice a day; adjusted OR: 0.65; 95% CI: 0.62–0.69 for after every meal). In our sub-analyses,
brushing at least once to twice a day related to a decreased likelihood of composite renal outcomes;
however, this effect was only observed within the low and moderate baseline risk groups.

Conclusion

Frequent tooth brushing bene�ts oral health and may prevent kidney function decline, which could have
implications for other systemic diseases. However, a longitudinal cohort study is required to con�rm
whether tooth brushing can prevent poor renal outcomes.

Introduction
Over the last decade, chronic kidney disease (CKD) has become a leading public health issue worldwide
[1]. Individuals with CKD have a higher mortality rate than the comparable healthy population, especially
those with advanced CKD requiring renal replacement therapy [2]. Furthermore, renal replacement therapy
leads to an increased burden of medical expenses on patients. 

Good oral hygiene, in which tooth brushing plays a major role, is clearly associated with periodontal
disease (PD) [3], and a reduced risk of cancer and cardiovascular events owing to its ability to prevent PD.
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[4, 5]. Moreover, robust evidence shows several factors such as smoking, diabetes, medications, obesity
and adverse pregnancy outcomes identi�ed as a risk factors for the development of periodontitis [6]. To
prevent PD, National Institute of Dental and Craniofacial Research recommends brushing teeth twice a
day with a �uoride toothpaste. PD is a common group of in�ammatory diseases affecting about half of
the global adult population, which can eventually lead to teeth loss. Notably, previous studies have
suggested that poor periodontal health is more prevalent and severe in adults with CKD [7]. The
relationship between PD and kidney function decline has been extensively studied in the elderly
population in particular [8].

Despite the evident connection between PD and CKD, studies on the relationship between these two
conditions have been lacking as they have only offered imprecise and inconsistent risk estimates [9-11].
Grubbs et al. performed a retrospective study with 761 elderly men, reporting that severe PD was
signi�cantly associated with kidney function decline, even after adjusting for age and well-known CKD
risk factors such as smoking status and history of diabetes mellitus or hypertension [12]. In 2018, meta-
analyses indicated an association between CKD and PD. The strength of this association increased when
severe PD was speci�cally considered [13]; however, the effects of tooth brushing on kidney function
decline in the general population have not yet been de�nitively demonstrated. Accordingly, studies are
necessary to determine whether preventing or treating poor oral health can be related to a decrease in the
incidence and/or severity of CKD.

To address the shortcomings of previous studies, we conducted a longitudinal cohort study to elucidate
the relationship between tooth brushing and kidney function in healthy individuals. To do so, we
evaluated the association between tooth brushing and kidney function decline among a general
population cohort over approximately 10 years. We hypothesized that individuals who practice less
frequent tooth brushing would experience greater kidney function decline.

Methods
A retrospective longitudinal cohort study was conducted at St Luke’s International Hospital, a large
teaching hospital in Tokyo, Japan. All participants who underwent health examinations at the hospital’s
Centre for Preventive Medicine between 2005 and 2011 and had an estimated glomerular �ltration rate
(eGFR) > 15 mL/min/1.73 m² were included. Participants who required regular dialysis, regardless of
whether it was hemo- or peritoneal dialysis, were excluded. The primary outcome was a composite renal
outcome that was compared with the frequency of tooth brushing. The St Luke’s Ethics Committee
Institutional Review Board approved this study (approval number: 18-R203 – Comprehensive approvals
for studies about social habits using this dataset).

Outcomes

The primary outcome was a composite renal outcome consisting of a 25% eGFR reduction from baseline,
an eGFR of <15 mL/min/1.73 m², and a requirement for regular dialysis [14-16]. The eGFR for each
patient was calculated based on the following formula for Japanese patients [17]:
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Male: eGFR = 194 × (serum creatinine)-1.094 × (age)-0.287

Female: eGFR = 194 × (serum creatinine)-1.094 × (age)-0.287 × 0.739

The baseline eGFR for each participant was de�ned as the eGFR measured at their �rst visit to the center
between 2005 and 2011. The eGFR was measured at every subsequent visit to the center for health
examinations. The initiation of regular dialysis was dependent on each physician’s decision; relevant
information was obtained from the electronic medical records or participants’ self-reports. Each patient
was followed until December 31, 2018.

Frequency of tooth brushing

All participants were asked about their tooth brushing frequency as part of a questionnaire during their
health examinations between 2005 and 2011. Each participant was asked to select one of the following
responses to the question regarding tooth brushing frequency: less than daily, once a day, once to twice a
day, or after every meal. Due to the small number of participants who brushed their teeth less than daily,
we combined this group of patients with those that brushed their teeth once a day; this was de�ned as
the reference group. Information about tooth brushing frequency was subsequently obtained at every visit
to the center and considered as a time-dependent variable.

Covariates

As a part of the questionnaire provided during health examinations, we obtained information about
participants’ demographics, medical histories, laboratory measures and physical examinations as
potential covariates for our study. Health habits including alcohol consumption (abstainer, occasional
drinker, regular drinker), smoking status (never smoker, former smoker, current smoker) and exercise
habits (almost none, 1-2 times a week, 3-5 times a week, almost every day) were also assessed. During
the health examinations, trained staff measured participants’ heights and weights and calculated their
body mass indexes (BMI). Each participant was categorized into one of three groups based on their BMI
and Asian criteria: underweight (BMI < 18.5 kg/m2), normal (BMI 18.5–24.9 kg/m2) or obese/overweight
(BMI ≥ 25.0 kg/m2) [18]. Information about comorbidities related to the progression of CKD such as
diabetes, hypertension [19], or cancer [20], was also obtained from participants’ self-reports. This
information was obtained at every health examination and considered as a time-dependent variable.

Finally, information regarding participants’ baseline kidney function was also evaluated and retained as a
potential covariate. The eGFR of each participant was calculated based on the Japanese formula
outlined above and used to categorize patients into a baseline CKD risk group (low risk, moderately
increased risk, high risk, very high risk) according to The Kidney Disease: Improving Global Outcomes
(KDIGO) 2012 Clinical Practice Guideline [21]. The baseline eGFRs and CKD risk group classi�cations
were used as covariates. 

Statistical methods
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First, we compared participants’ baseline characteristics with their tooth brushing frequency. We then
conducted multivariate analyses using a generalized estimating equation with the logit function and a
binomial distribution to evaluate the association between frequency of tooth brushing and composite
renal outcome, adjusting for potential covariates. We used different potential covariates in each of the
models: Model 1 was adjusted for participant age and sex, baseline eGFR, and baseline CKD risk
category; Model 2 was adjusted for health habits (alcohol consumption, smoking status, and exercise
habits) in addition to the covariates used in Model 1; Model 3 was adjusted for BMI in addition to the
covariates used in Model 2; and Model 4 was adjusted for comorbidities (hypertension, diabetes, and any
type of cancer) in addition to the covariates used in Model 3. Our �nal model was model 4, but we also
presented the results of other models as part of the sensitivity analysis to show that the results are
consistent with varying covariates. We also strati�ed the data by baseline CKD risk category to evaluate
the impact of tooth brushing frequency on composite renal outcomes in sub-analyses. All analyses were
performed using STATA 14 (STATA Corp., College Station, TX, USA).

Results
A total of 76,472 participants were included in this study. The mean age of the population was 45.9 ±
12.4 years, and 38,233 participants (50%) were male. Table 1 summarizes participants’ baseline
characteristics categorized by tooth brushing frequency. Participants who brushed their teeth after every
meal tended to be younger and female and also exhibited healthier habits, such as drinking less regularly
and exercising more, fewer were current smokers, and they had a lower BMI on average than those who
brushed their teeth less often. 

The �ndings regarding comorbidities were inconsistent across groups divided by tooth brushing
frequency. Those who brushed their teeth once to twice a day had a lower prevalence of cancer and
diabetes, whereas those who brushed their teeth after every meal exhibited a lower prevalence of
hypertension. In terms of kidney function, those who brushed their teeth at least once to twice a day had
a higher eGFR and milder stage of CKD than those who brushed their teeth once a day or less. However,
those who brushed their teeth after every meal tended to belong to a more severe CKD risk category,
suggesting more severe proteinuria, than those who brushed their teeth once to twice a day.

During the median follow-up period of 68.3 months (Interquartile range: 26.1–117.6 months), 8,219
(10.8%) patients experienced composite renal outcomes. Tooth brushing after every meal (adjusted odds
ratio [OR]: 0.65; 95% con�dence interval [CI]: 0.62–0.69) or once to twice a day (adjusted OR: 0.26; 95% CI:
0.24–0.28) was signi�cantly associated with a lower incidence of composite renal outcomes compared
to brushing teeth once a day or less according to the analysis by Model 4 (Table 2). In our sub-analyses
strati�ed by CKD risk category, tooth brushing once to twice a day or after every meal was associated
with a lower frequency of composite renal outcomes among those who belonged to the low baseline CKD
risk group (adjusted OR: 0.24, 0.66; 95% CI: 0.23–0.27, 0.62–0.70, respectively) or the moderate baseline
CKD risk group (adjusted OR: 0.34, 0.45; 95% CI: 0.25–0.45, 0.34–0.60, respectively). However, this
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positive relationship between tooth brushing and renal outcomes was not observed among participants
who belonged to the high or very high baseline CKD risk groups (Table 3).

Discussion
This study indicates that good oral health practices may be related to a decrease in the risk of kidney
function decline in a healthy population undergoing yearly medical examinations, independent of
additional risk factors such as other health habits and comorbidities. Frequent tooth brushing was
associated with a decreased risk of composite renal outcomes de�ned by a 25% eGFR reduction from
baseline values, an eGFR of <15 mL/min/1.73 m² (stage 5 CKD), and a requirement for regular dialysis.
Notably, those who brushed their teeth once to twice a day exhibited an elevated eGFR and milder CKD
staging compared to those who brushed their teeth after every meal. A previous study revealed that a
high concentration of salivary urea is associated with a bitter taste in patients with CKD [22], and patients
with CKD possibly brush their teeth more frequently because of the bitter taste, whereas our data show
that there was no large difference in the severity of CKD among the different groups classi�ed according
to the frequency of tooth brushing. In sub-analyses strati�ed by baseline CKD risk group, frequent tooth
brushing was associated with a lower frequency of composite renal outcomes in the low and moderate
risk groups. Interestingly, however, frequent tooth brushing was not associated with a lower frequency of
composite renal outcomes in the high or very high CKD risk groups.

 

Individuals with CKD may exhibit an increased prevalence of oral disease due to the interrelation of CKD
with in�ammation and malnutrition, leaving adults with CKD more prone to PDs [23]. According to a
recent systematic review, poor oral health is highly prevalent in adults with CKD and the average severity
of oral disease is increased in this population [24]. Furthermore, in adults treated with hemodialysis, poor
dental health was associated with early mortality, whereas preventative oral care practices were
associated with longer survival [25]. While a considerable amount of information about oral disease as a
determinant of health in individuals with CKD is available, the link between oral health and kidney
function decline is less clear because such studies were limited to PD and provided only imprecise risk
estimates. A previous study reported that a low frequency of tooth brushing was associated with risk
factors for CKD such as diabetes [26], whereas poor oral health was associated with renal
impairment [27]. Another study indicated that clinically successful, non-surgical periodontal treatment
both improved glycemic control and reduced the levels of renal impairment biomarkers and albumin in
the urine [28, 29]. Some studies have also indicated that periodontal treatment results in a signi�cant
improvement in median kidney function, as well as a reduction in the level of endothelial damage
biomarkers, in patients with severe chronic periodontitis [30]. 

There are two possible explanations as to why a low frequency of tooth brushing is associated with renal
impairment. The �rst explanation is that a low frequency of tooth brushing can lead to poor oral health,
the result of which is an increase in the prevalence of PD. As PD is a known risk factor for CKD risk
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factors such as diabetes and cardiovascular disease, poor oral health can therefore lead to adverse
outcomes in CKD mediated by endothelial dysfunction, atherosclerosis, thrombosis and chronic
in�ammation [31]. The second explanation is that PD directly causes alterations in the renal tissue. In
animal models, induced periodontitis caused morphological changes in the renal tissue, as well as
disruption of the brush border in the renal tubules. These alterations are both associated with increased
oxidative stress within the kidneys [32, 33]. Furthermore, the progression of periodontitis is associated
with poor prognostic factors for CKD patients because the progression of periodontitis is implicated in
malnutrition and protein-energy wasting syndrome [24]. Thus, PD, which can be mitigated by regular tooth
brushing, may be a predictive factor for progressive kidney disease [34, 35].

Interestingly, we found that tooth brushing once to twice a day was associated with better kidney function
than tooth brushing after every meal. The precise reason for this effect is unclear; however, there are
some possible contributing factors. Generally, more frequent tooth brushing is preferred for the effective
maintenance of good oral health and prevention of PD. However, one study reported that there is a
tendency for an increased incidence of dental caries among patients who brush their teeth 3 times daily
or more compared to those who brush their teeth twice daily or less [36]. Excessive tooth brushing can
also potentially cause dental erosion; thus, patients should reduce the frequency of tooth brushing to
avoid damaging the acquired pellicle [37]. Tooth brushing immediately after eating should particularly be
avoided as acidic food or drink may weaken tooth enamel, which can result in enamel removal after
brushing. Based on these factors, tooth brushing after every meal is likely excessive and may be
counterproductive to maintaining good oral hygiene and preventing PD. This, in turn, may contribute to
the kidney function decline observed in the patient group brushing after every meal compared to the
group brushing once to twice a day. 

With regards to our strati�ed sub-analyses by CKD risk category, we observed that brushing once to twice
a day related to a decreased likelihood of composite renal outcomes in the low and moderate baseline
risk groups. However, the positive effect of tooth brushing was not observed in the high and very high
baseline risk groups. We believe that this may be attributable to an irreversible disease stage in the high-
risk group, past which point preventative methods will not impact renal outcomes unless the preventative
action is directly targeting a major risk factor. Nonetheless, regular tooth brushing is an inexpensive
intervention that poses no risk of complications; therefore, more frequent daily tooth brushing, not
overbrushing, should be recommended to potentially mitigate further renal impairment.

This study has several limitations. First, there is a possible residual selection bias as all participants were
from a single center. The dataset we used consisted of data obtained from patients who visited for health
check-up, which is mainly voluntary, and those who visited to undergo screening examinations for chronic
diseases and cancer. A previous study revealed that socio-cultural differences in�uenced oral health and
dental disease [38]; therefore, it is possible that we are dealing with a group of patients who are more
health conscious than the general population. The number of patients assigned to the three groups
categorized according to the frequency of tooth brushing is not equal; however, this large-scale cohort
study provides a high-quality medical record database due to the low exclusion rate, which may mitigate
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the potential bias as all data were well controlled and reported. Second, there may be some overlap in
each group. For example, once a day may be classi�ed as "once a day or less" or "once or twice a day".
However, because frequency of brushing tooth can �uctuate in our long-term retrospective cohort study of
10 years or more, the data at the �rst visit does not have a signi�cant meaning in itself. On the other
hand, GEE we used in this study is more accurate than simple logistic regression because it enabled the
data of the annual tooth brushing frequency as a time-dependent variable.” Third, we could not assess or
adjust data according to access to dental care, exposure to �uoridation, or the use of dental �oss and
interdental cleansers, among other factors. It may be affected by the frequency of brushing teeth and
cultural and social levels; however, additional information on school education, work or income and has
not been measured in this retrospective study. Nevertheless, we strictly considered several possible
confounding factors such as age, sex, baseline eGFR, health habits, BMI, and comorbidities. Finally, a
25% eGFR reduction was used as a factor in the renal composite outcome. However, a 25% eGFR
reduction can also be observed with acute renal injury or normal variability (i.e. random error). To account
for this possibility, we integrated an eGFR of <15 mL/min/1.73 m² and dialysis initiation into the
composite renal outcome for our large-scale, long-term study. The number of enrolled patients with CKD
stage 4, having GFR values close to 15 ml/min /min/1.73 m², was 31, accounting for only 0.04% of all
participants. And also, the subgroup analysis of CKD risk categories has been shown to be associated
with tooth brushing frequency and renal composite outcome even in the low risk group shown by Table 4.
(Table 4 is not available in this version.) Therefore, we think that our study evaluated a possible true
association between kidney function decline and tooth brushing frequency.

In conclusion, our study demonstrated that a low frequency of tooth brushing was associated with poorer
composite renal outcomes over time; however, a longitudinal cohort study is required to con�rm whether
tooth brushing can prevent poor renal outcomes. Thus, once to twice a day tooth brushing practices may
have a positive impact on preventing CKD, which could have implications for other systemic diseases.
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Tables
Table1. Baseline participants’ characteristics by frequency of daily tooth brushing
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Once a day or not
everyday

Once to twice a
day

After every
meal

P value

(n=37,522) (n=5,068) (n=33,882)  
Year, mean (SD) 46.7 (12.2) 42.8 (12.9) 45.5 (12.3) <0.05
Follow-up duration, months,
median (IQR)

66.7 (25.1 –
120.6)

65.4 (31.7 –
79.9)

70.4 (26.9 –
119.6)

<0.05

Male, n (%) 23,970 (63.9) 2,951 (58.2) 11,312 (33.4) <0.05
Alcohol consumption, n (%) <0.05
Abstainer 13,559 (36.1) 2,055 (40.6) 14,494 (42.8)
    Occasional drinker 6,476 (17.3) 833 (16.4) 6,101 (18.0)
    Regular drinker 17,487 (46.6) 2,180 (43.0) 13,287 (39.2)  
Smoking, n (%) <0.05
    Never 19,571 (52.2) 2,968 (58.6) 23,826 (70.3)
    Former 9,423 (25.1) 1,215 (24.0) 6,351 (18.7)
    Current 8,528 (22.7) 885 (17.5) 3,705 (10.9)  
Exercise, n (%) <0.05
    Almost none 14,762 (39.3) 2,024 (39.9) 12,144 (35.8)
    1-2 times a week 14,100 (37.6) 1,871 (36.9) 12,415 (36.6)
    3-5 times a week 5,387 (14.4) 769 (15.2) 5,589 (16.5)
    Almost everyday 3,273 (8.7) 404 (8.0) 3,734 (11.0)  
Body mass index, n (%) <0.05
     Underweight 2,391 (6.4) 403 (8.0) 4,588 (13.5)
     Normal weight 25,864 (68.9) 3,509 (69.2) 24,896 (73.5)
     Obese/ overweight 9,266 (24.7) 1,156 (22.8) 4,397 (13.0)  
Medical history, n (%) <0.05
    Any cancer 1,397 (3.7) 160 (3.2) 1,351 (4.0)
    Hypertension 3,265 (8.7) 397 (7.8) 2,144 (6.3)
    Diabetes 1,110 (3.0) 22 (0.4) 588 (1.7)  
Kidney function
eGFR, mL/min/1.73m2 (SD) 80.5 (15.1) 82.9 (15.1) 82.1 (15.5) <0.05
    CKD risk category, n (%) <0.05
       Low risk 33,443 (89.3) 4,289 (85.1) 30,895 (91.4)
       Moderately increased risk  3,658 (9.8) 700 (13.9) 2,693 (8.0)
       High risk  293 (0.8) 42 (0.8) 191 (0.6)
       Very high risk 77 (0.2) 9 (0.2) 41 (0.1)  
    CKD stage, n (%) <0.05
        G1 8,838 (23.6) 1,493 (29.6) 9,235 (27.3)
        G2 26,208 (69.9) 3,298 (65.4) 22,771 (67.3)
        G3a 2,260 (6.0) 223 (4.4) 1,705 (5.0)
        G3b 144 (0.4) 25 (0.5) 100 (0.3)
        G4 21 (0.1) 1 (0.0) 9 (0.0)  
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* Statistically significant (P-value of < 0.05)

 

 
Table 2. Comparison of the incidences of composite renal outcome by frequency of daily
tooth brushing from multivariate generalized estimating equation.
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Univaliate
analysis Multivaliate analysis

 Model 1a Model 2b Model 3c Model 4d

Toothbrushing
 Once a day or not
everyday

Reference Reference Reference Reference Reference

 Once to twice a day
0.28 * (0.26 -

0.30)
0.26 * (0.24 -

0.28)
0.26 * (0.24 -

0.28)
0.26 * (0.24 -

0.28)
0.26 *(0.24 -

0.28)

 After every meal
0.75 * (0.71 -

0.78)
0.65 * (0.61 -

0.68)
0.64 * (0.61 -

0.68)
0.65 * (0.62 -

0.69)
0.65 *(0.62 -

0.69)

Year
1.02 * (1.01 -

1.02)
1.05 * (1.05 -

1.05)
1.05 * (1.05 -

1.05)
1.05 * (1.05 -

1.05)
1.06 (1.06 -

1.07)
Male 0.73 * (0.69 -

0.76)
0.82 * (0.78 -

0.86)
0.83 * (0.79 -

0.88)
0.8 * (0.76 -

0.85)
0.78 (0.74 -

0.83)
Baseline eGFR,
mL/min/1.73m2

1.05 * (1.05 -
1.05)

1.06 * (1.06 -
1.07)

1.06 * (1.06 -
1.07)

1.06 * (1.06 -
1.07)

1.06 (1.06 -
1.07)

Alcohol consumption NA
      Abstainers Reference Reference Reference Reference
      Occasional
drinkers

0.94 (0.89 -
1.01) 1.08 * (1.01 -

1.16)
1.08 * (1.01 -

1.16)
1.09 (1.01 -

1.16)
      Regular drinkers 0.79 * (0.76 -

0.83)
0.91 * (0.86 -

0.96)
0.91 * (0.86 -

0.96)
0.9 (0.86 -

0.95)
Smoking NA
     Never smokers Reference Reference Reference Reference
     Former smokers 0.95 * (0.90 -

0.99)
1.09 * (1.02 -

1.15)
1.08 * (1.02 -

1.15)
1.07 (1.02 -

1.16)
     Current smokers 0.96 (0.90 -

1.02)
0.95 (0.88 -

1.02)
0.94 (0.87 -

1.02)
0.19

Exercise NA
     Almost none Reference Reference Reference Reference
     1-2 times a week 0.99 (0.94 -

1.05) 1.13 * (1.07 -
1.20)

1.14 * (1.08 -
1.20)

1.14 * (1.08 -
1.21)

     3-5 times a week 1.09 * (1.02 -
1.16)

1.16 * (1.08 -
1.24)

1.17 * (1.09 -
1.25)

1.17 * (1.10 -
1.25)

     Almost everyday  1.13 * (1.05 -
1.22)

1.06 (0.98 -
1.15)

1.08 (0.99 -
1.17)

1.07 (0.99 -
1.16)

Body mass index NA NA
     Underweight 1.16 * (1.08 -

1.24)
0.96 (0.89 -

1.03)
0.98 (0.94 -

1.11)
     Normal weight Reference Reference Reference
     Obese/overweight 1.12 * (1.06 -

1.18)
1.27 * (1.20 -

1.34)
1.18 * (1.11 -

1.25)
Any cancer 1.27 * (1.18 -

1.37)
NA NA NA 1.02 (0.94 -

1.11)
Hypertension 1.82 * (1.72 -

1.92)
NA NA NA 1.62 * (1.51 -

1.72)
Diabetes 2.65 * (2.41 -

2.92)
NA NA NA 1.28 * (1.15 -

1.42)
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a Model 1 was adjusted for participants’ age and sex, baseline eGFR, and baseline chronic
kidney disease risk category 
b Model 2 was adjusted for health habits (alcohol consumption, cigarette smoking, and
exercise habits) in addition to the covariates of Model 1
c Model 3 was adjusted for body mass index in addition to the covariates of Model 2
d Model 4 was adjusted for comorbidities (hypertension, diabetes, and any type of cancer)
in addition to the covariates of Model 3. Values are odds ratios and adjusted odds ratios
(95% confidence interval)
* Statistically significant (P-value of < 0.05)

 

 
Table 3. Risk-based comparison of the incidences of composite renal outcome by frequency
of tooth brushing determined from the multivariate generalized estimating equation.

Adjusted odds ratios (95% confidence interval)
 P value

 Once a day or not
everyday

Once to twice a
day

After every meal

CKD risk category a      
Low risk Reference 0.21 * (0.19-0.23) 0.63* (0.60-0.67)

< 0.05 < 0.05
Moderately increased

risk 
Reference 0.31* (0.23-0.41) 0.46* (0.35-0.61)

< 0.05 < 0.05
High risk Reference 0.91 (0.46-1.79) 1.11 (0.58-2.12)

0.78 0.76
Very high risk  Reference 0.68 (0.31-1.49) 0.70  (0.36 –

1.38)
0.34 0.31

a CKD = chronic kidney disease; model was adjusted for participants’ age and sex, baseline
eGFR, health habits (alcohol consumption, cigarette smoking, and exercise habits), body
mass index, and comorbidities (hypertension, diabetes, and any type of cancer).
* Statistically significant (P -value of <0.05).
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Figure 1

Patient disposition
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