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We aim to investigate the association between

oral health and hyperuricemia in Korean adults. Al MElls Feliele
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Methods ’ Individuals with poor oral health or inadequate oral care
7,817 9,740 g were found to have a higher incidence of hyperuricemia.

T4

We selected 17,557 subjects from the Korea Participants with better oral health scores exhibited a
National Health and Nutrition Examination = ‘ lower incidence of hyperuricemia.
Survey database for the years 2016—-2019.

The association between oral health and hyperuricemia
was more pronounced in male participants.

| = |

) We demonstrated that oral health status and behaviors are associated with hyperuricemia, particularly in males.
Conc|u5|on Further complementary studies are necessary to confirm the definitive association between oral health and
hyperuricemia.

Background/Aims: Hyperuricemia plays an essential role in the gout. Despite the clinical significance of hyperuricemia, a
direct relationship between oral health and hyperuricemia has not been established. We aim to investigate the association
between oral health and hyperuricemia.

Methods: We selected 17,557 subjects from the Korea National Health and Nutrition Examination Survey database for the
years 2016-2019. Oral health-related variables included the number of dental caries, regular tooth brushing, use of second-
ary oral products, and regular dental examinations. The odds ratio (OR) and 95% confidence intervals (Cls) for hyperuricemia
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were calculated using a multivariable-adjusted logistic regression model.

Results: Oral health status with dental caries and oral health behaviors, including tooth brushing, secondary oral products,
and regular dental examination, were significantly associated with hyperuricemia in all participants. The adjusted OR and
95% Cls for hyperuricemia comparing more than three dental caries with no dental caries were 1.28 (1.08-1.52). The adjust-
ed OR and 95% Cls for hyperuricemia in regular tooth brushing, use of secondary oral products, and regular dental exam-
ination were 0.78 (0.67-0.91), 0.91 (0.83-1.00), and 0.86 (0.78-0.95), respectively. Notably, the association between oral
health and hyperuricemia was more prominent in male subjects. In addition, when subjects were grouped by the oral health
scoring system, the prevalence of hyperuricemia was lower in groups with better oral health scores.

Conclusions: We demonstrated that oral health status and behaviors are associated with hyperuricemia, particularly in
males. Further studies are necessary to confirm the association between oral health and hyperuricemia.

Keywords: Oral health; Hyperuricemia; Cross-sectional study

INTRODUCTION

Hyperuricemia is @ metabolic disease in which uric acid lev-
els remain excessively high. Hyperuricemia plays an essential
role in the development of gout and is well- known as a
prerequisite of gout. In addition, hyperuricemia has import-
ant clinical implications because it is considered a risk factor
for coronary heart disease, hypertension, insulin resistance,
stroke, and death [1-4]. Nevertheless, the prevalence rate of
hyperuricemia is 11.4% in Korea and 12.7% in the United
States [5,6] and the prevalence of gout is increasing rapidly
in Korea [7].

The oral cavity is a complex environment with various mi-
croorganisms [8]. Unless appropriately managed, inflamma-
tory conditions, such as dental caries and periodontitis, may
occur. Furthermore, oral health is known to be related to
pneumonia, cardiovascular diseases, and other oral diseases
[9,10]. Oral health is critically affected by oral hygiene and
can be improved through regular self-management. There-
fore, it would be important to investigate specific diseases
related to oral health and prevent them [11].

Despite the clinical importance of hyperuricemia, little is
known about its prevention. Although several self-managed
interventions can improve oral health, a direct relationship
between oral health and hyperuricemia has not been es-
tablished. Therefore, we aim to investigate the association
between oral health and hyperuricemia in Korean adults us-
ing the nationwide population-based Korea National Health
and Nutrition Examination Survey (KNHANES) database.
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METHODS

Data source and study population

The KNHANES is a cross-sectional survey and a nationally
representative database of the Korean population managed
by the Korea Centers for Disease Control and Prevention
(KCDC) [12]. The KNHANES database includes physical ex-
aminations, blood test results, and health-related interviews,
including oral health behaviors. To conduct the KNHANES,
trained staff interviewed subjects and applied standardized
health examination protocols [13]. This study used data from
the KNHANES 2016-2019 because this database contains
blood test results for uric acid levels. Informed consent was
obtained from all participants, and the KNHANES was ap-
proved by the Institutional Review Board of the KCDC. This
study used anonymized KNHANES data, and the protocol
was approved by the Institutional Review Board of Dong-A
University Hospital (DAUHIRB-EXP-21-106).

From 23,335 subjects in the KNHANES 2016-2019 da-
tabase, we excluded 3,255 subjects without uric acid data.
Subjects under the age of 20 (n = 2,063), pregnant (n = 69),
or with missing values (n = 391) were also excluded. Finally,
this study included 17,557 subjects (7,817 males and 9,740
females). Subsequently, we investigated the association be-
tween oral health and uric acid. A flow of the study popula-
tion is shown in Figure 1.

Definition of oral health-related variables

The oral health examination program comprised oral exam-
inations conducted by trained dentists and self-report ques-
tionnaires. The number of dental caries was categorized as

https://doi.org/10.3904/kjim.2023.425
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Subjects in KNHANES with oral survey 2016-2019 (n = 23,335)

Excluded those without uric acid data (n = 3,255)
with aged < 20 years (n = 2,063)

Excluded those with pregnancy (n = 69)

with missing values (n = 391)

\/

Subjects eligible for inclusion criteria
(unweighted n = 17,557 [ weighted n = 19,071,293)
Male (unweighted n = 7,817 | weighted n = 8,925,336)
Female (unweighted n = 9,740 [ weighted n = 10,145,956)

Figure 1. Flow of the study population. KNHANES, Korea Nation-
al Health and Nutrition Examination Survey.

0, 1-2, or > 3. Oral health-related questionnaires included
questions on the time of day when subjects brushed their
teeth and used secondary oral products, as well as the pres-
ence of regular dental examination as oral health behaviors.
The time of day for tooth brushing was classified as before
or following breakfast, lunch, and dinner or before bedtime
and after snack. We calculated the frequency of daily tooth
brushing. The number of tooth brushing was categorized
as <1, 2, or >3. The secondary oral products included the
following: dental floss, mouthwash, interdental brushes,
electric toothbrushes, irrigation devices, tongue cleaners,
end-tufted brushes, and special devices for dentures. The
presence of regular dental examinations within a year was
also evaluated.

To evaluate the association between oral health and hy-
peruricemia, we devised and calculated the oral health score
by scoring the oral health-related variables available in the
database and summing them together. A schematic dia-
gram of the oral health score is presented in Supplementary
Table 1. Unlike a few other scoring systems for the eval-
uation of oral health [14,15], the oral health score in this
study comprises the numbers of dental caries and efforts
to maintain oral hygiene. Therefore, we hypothesized that
the oral health score in this study is related to oral hygiene.
For example, A higher oral health score suggests better oral
hygiene, and a lower oral health score indicates poor oral
hygiene.

Clinical variable measurements and
definitions

Body mass index (BMI) was calculated using the formula
weight (kg) divided by height squared (m?2). All subjects fast-
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ed for at least eight hours before blood sampling. Blood
samples were processed and refrigerated immediately for
transportation to the Central Testing Institute (NeoDin Med-
ical Institute, Seoul, Korea). Uric acid, fasting glucose, total
cholesterol, triglycerides, high-density lipoprotein cholester-
ol (HDL-C), and creatinine were measured using a Hitachi
Automatic Analyzer 7600-210 (Hitachi, Tokyo, Japan). The
estimated glomerular filtration rate (GFR) was calculated us-
ing the modification of diet in renal disease equation [16].
Hyperuricemia was defined as a serum uric acid level > 7.0
mg/dL in males and > 6.0 mg/dL in females [17].

Hypertension status was categorized into three groups:
(a) hypertension was defined as systolic blood pressure (SBP)
> 140 mmHg, diastolic blood pressure (DBP) > 90 mmHg,
or antihypertensive medication use; (b) prehypertension was
defined as 120 mmHg < SBP < 140 mmHg or 80 mmHg
< DBP < 90 mmHg; and (c) normal hypertension status was
defined as SBP < 120 mmHg and DBP < 80 mmHg [18]. Dia-
betes status was categorized into three groups: (a) diabetes
was defined as fasting blood sugar (FBS) > 126 mg/dL or tak-
ing anti-diabetic medication; (b) pre-diabetes was defined as
100 mg/dL < FBS < 126 mg/dL; and (c) normal status was
defined as FBS < 100 mg/dL [19]. Using the dyslipidemia cri-
teria for Koreans, dyslipidemia status was categorized into
two groups with cutoff values as follows: total cholesterol >
240 mg/dL, triglycerides > 200 mg/dL, and HDL-C < 40 mg/
dL [20]. Furthermore, we extracted information on cancer
and depression status from the survey.

Income level was divided into four groups according to
the standard income quartile of the sample population. The
higher the income quartile is, the greater the income. Smok-
ing status was categorized into current smokers, ex-smok-
ers, and non-smokers. Alcohol consumption status was
categorized into two groups: (a) non-consumers, with no
alcohol consumption in the past year or less than once a
month, and (b) consumers, with alcohol consumption more
than once a month. Physical exercise status was categorized
into two groups: (a) the regular exercise group, in which
participants performed moderately hard exercise for at least
150 minutes a week, hard exercise for at least 75 minutes
a week, or mixed exercise equivalent to the above level
(1 minute of hard exercise equivalent to 2 minutes of mod-
erately hard exercise); and (b) the non-regular exercise
group, in which participants performed physical activity less
than the above-mentioned level.
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Table 1. Baseline characteristics of subjects according to uric acid level

Variable No hyperuricemia Hyperuricemia e
(n =15,196/16,328,652) (n=2,361/2,742,640)

Age (yr) 50.0+0.3 470£0.6 <0.001
Sex < 0.001

Male 42.8(0.5) 70.7 (1.3)

Female 57.2 (0.5) 29.3(1.3)
Income (quartile) 0.26

1st 24.0(0.7) 25.6 (1.3)

2nd 25.2 (0.6) 23.6(1.2)

3rd 25.4(0.6) 26.6 (1.3)

4th 25.5(0.8) 24.2 (1.4)
BMI (kg/m?) 23.6+0.0 259+ 0.1 <0.001
SBP (mmHg) 118.1+0.2 1217 £0.5 <0.001
DBP (mmHg) 753+ 0.1 784 +0.3 < 0.001
Uric acid (mg/dL) 4.8+0.0 75+0.0 < 0.001
Fasting blood glucose (mg/dL) 100.5+0.3 101.6 £0.5 0.05
Total cholesterol (mg/dL) 191.6+04 198.4+1.0 <0.001
Triglyceride (mg/dL) 124.7 £ 1.1 182.1 £ 4.0 < 0.001
HDL-C (mg/dL) 529£0.2 47104 <0.001
GFR (mL/min/1.73 m?) 92.5+0.3 83.5 0. < 0.001
Hypertension < 0.001

Normal 46.4(0.7) 32.3(1.4)

Pre-hypertension 25.2 (0.5) 29.7 (1.3)

Hypertension 28.4(0.6) 38.1(1.5)
Diabetes <0.001

Normal 58.0(0.7) 47.0(1.3)

Pre-diabetes 30.2 (0.6) 41.0(1.2)

Diabetes 11.9(0.4) 12.0 (0.8)
Dyslipidemia 38.4(0.6) 55.3(1.5) < 0.001
Cancer 2.0(0.1) 1.5(0.3) 0.17
Depression 2.5(0.2) 2.4(0.4) 0.89
Smoking < 0.001

Non-smoker 61.2 (0.6) 429 (1.4)

Ex-smoker 23.7 (0.5) 34.3(1.2)

Current smoker 15.1 (0.4) 229(1.4)
Alcohol drinking 435 (0.5) 57.4 (1.4) < 0.001
Regular exercise 57.1 (0.6) 53.9(1.3) 0.02
The number of dental caries < 0.001

0 74.6 (0.7) 68.3 (1.5)

1-2 18.8 (0.5) 23.0(1.4)

>3 6.5(0.3) 8.7(0.8)
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No hyperuricemia

Hyperuricemia

VETTEL (n =15,196/16,328,652) (n = 2,361/2,742,640) VeI
The number of tooth brushing < 0.001
<1 8.7 (0.4) 12.2(0.8)
2 36.7 (0. 37.3(1.4)
>3 54.6 (0. 50.4 (1.5)
The use of secondary oral products 57.7 (0. 53.9(1.4) 0.007
Regular dental examination 38.6 (0.6) 347 (1.4) 0.008

Values are presented as mean + standard error or percentage (standard error).
The numbers of groups are expressed as unweighted and weighted numbers (unweighted n/weighted n).
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; GFR,

glomerular filtration rate.

Statistical analysis

Al statistical analyses were performed using a complex sam-
ple design in SPSS ver. 22.0 (IBM Corp., Armonk, NY, USA)
and R 4.3.0 (R Foundation for Statistical Computing, Vienna,
Austria). The characteristics of the subjects were analyzed
according to their uric acid levels. Continuous variables are
presented as the means and standard deviations, and cate-
gorical variables are presented as the number of cases with
percentages. Continuous variables are presented as the
means with standard errors, and categorical variables are
presented as the percentages with standard errors. Logistic
regression analysis was performed, and odds ratios (ORs)
with 95% confidence intervals (Cls) for hyperuricemia were
calculated to investigate the association between oral health
and hyperuricemia. The multivariable-adjusted logistic re-
gression analysis was adjusted for age, sex, income level,
BMI, GFR, hypertension status, diabetes status, dyslipidemia
status, cancer status, depression status, smoking status,
alcohol consumption status, and regular exercise status. A
p value < 0.05 was considered statistically significant.

RESULTS

Baseline characteristics of the study
population

The baseline characteristics of the subjects according to their
uric acid levels are presented in Table 1. There were signif-
icant differences between the groups with no hyperurice-
mia and those with hyperuricemia, except for the exercise
variable. The mean uric acid levels in each group were 4.8

https://doi.org/10.3904/kjim.2023.425

and 7.5 mg/dL, respectively. The hyperuricemia group in-
cluded young males. In addition, compared to the no hyper-
uricemia group, the hyperuricemia group had higher BMI,
SBP, DBP, total cholesterol, and triglyceride levels but lower
HDL-C and GFR levels. Comorbidities, including hyperten-
sion, diabetes, and dyslipidemia, were more common in the
hyperuricemia group. A greater number of dental caries and
a lower number of tooth brushing were more common in
the hyperuricemia group. The use of secondary oral prod-
ucts and regular dental examinations were more frequent in
the no hyperuricemia group. The baseline characteristics of
the subjects divided into male and female are presented in
Supplementary Table 2 and 3.

Association between oral health and
hyperuricemia

The associations between oral health and hyperuricemia
are presented in Table 2. The multivariable-adjusted logis-
tic regression analyses were performed. Oral health status
with dental caries and oral health behaviors, including tooth
brushing, the use of secondary oral products, and regular
dental examination, were significantly associated with hy-
peruricemia in all the participants. The adjusted OR and
95% Cls for hyperuricemia comparing more than three
dental caries with no dental caries were 1.28 (1.08-1.52).
The adjusted OR and 95% Cls for hyperuricemia com-
paring more than three tooth brushing with under one
tooth brushing were 0.78 (0.67-0.91). The adjusted ORs
and 95% Cls for hyperuricemia associated with secondary
oral products and regular dental examinations were 0.91
(0.83-1.00) and 0.86 (0.78-0.95), respectively. When the
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Table 2. ORs with 95% Cls for the association between oral health and hyperuricemia

Hyperuricemia (uric acid > 7.0 mg/dL in male, > 6.0 mg/dL in female)

Variable -
Crude OR 95% Cl pvalue  Adjusted OR?  95% Cl p value
All subjects (n = 17,557/19,071,293)
The number of dental caries
0 1 1
1-2 1.33 1.20-1.48 < 0.001 114 1.01-1.28 0.03
>3 1.51 1.30-1.76 < 0.001 1.28 1.08-1.52 0.004
The number of tooth brushing
<1 1 1
2 0.74 0.65-0.85 <0.001 0.84 0.72-0.98 0.02
>3 0.63 0.55-0.72 <0.001 0.78 0.67-0.91 0.002
The use of secondary oral products
No 1 1
Yes 0.85 0.78-0.92 < 0.001 0.91 0.83-1.00 0.05
Regular dental examination
No 1 1
Yes 0.85 0.78-0.93 <0.001 0.86 0.78-0.95 0.004
Male subjects (n = 7,817/8,925,336)
The number of dental caries
0 1 1
1-2 1.18 1.04-1.35 0.01 1.10 0.96-1.27 0.17
>3 1.29 1.07-1.55 0.006 1.28 1.04-1.56 0.02
The number of tooth brushing
<1 1 1
2 1.03 0.87-1.22 0.74 0.86 0.71-1.03 0.09
>3 1.03 0.88-1.21 0.71 0.81 0.67-0.97 0.02
The use of secondary oral products
No 1 1
Yes 1.15 1.03-1.28 0.02 0.99 0.88-1.11 0.84
Regular dental examination
No 1 1
Yes 0.92 0.82-1.03 0.16 0.87 0.77-0.98 0.03
Female subjects (n = 9,740/10,145,956)
The number of dental caries
0 1 1
1-2 1.31 1.09-1.58 0.005 1.15 0.94-1.41 0.18
>3 1.37 1.02-1.83 0.04 1.21 0.88-1.66 0.25
The number of tooth brushing
<1 1 1
2 0.55 0.43-0.70 < 0.001 0.77 0.59-1.02 0.07
>3 0.43 0.34-0.55 <0.001 0.80 0.61-1.06 0.13
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Hyperuricemia (uric acid > 7.0 mg/dL in male, > 6.0 mg/dL in female)

Variable :
Crude OR 95% ClI p value Adjusted OR?  95% Cl p value

The use of secondary oral products

No 1 1

Yes 0.67 0.58-0.78 < 0.001 0.87 0.73-1.03 0.10
Regular dental examination

No 1 1

Yes 0.76 0.65-0.89 < 0.001 0.94 0.79-1.12 0.48

OR, odds ratio; Cl, confidence interval.

3| ogistic model was adjusted for age, sex, income level, body mass index, glomerular filtration rate, hypertension, diabetes, dyslipi-
demia, cancer, depression, smoking, alcohol consumption, and exercise status.

Al Score
Bad 0

AOR (95% Cl)
1.00 (reference) ]
1 0.61 (0.39 t0 0.97) 0.04 < 0.001
2 0.57 (0.37 to 0.87)

3 0.57 (0.38 to 0.86) 0.008
4 )
5 )

)

p-value  pfor trend

0.01 —_—

0.50 (0.33 to 0.76
0.48(0.32t00.73

0.001 B a—

< 0.001 —_—

Good 6 0.42 (0.27 to 0.64) < 0.001 —_—
Male  Score AOR (95% Cl) p-value p for trend .
Bad 0 1.00 (reference) i:
1 0.75 (0.44 to 1.29) 0.30 0.001 —I—:—>
2 0.73 (0.44 to 1.20) 0.21 —I—é—
3 070(043t01.14) 0.5 —_—
4 0.63 (0.39 to 1.02) 0.06 —I—i-
 / 5  060(037t0098) 004 —
Good 6 0.56 (0.34 to 0.94) 0.03 —_— E
Female Score AOR (95% Cl) p-value  p for trend H
Bad 0 1.00 (reference) i:
1 0.30 (0.13 t0 0.71) 0.006 0.04 —=—-— .
2 0.28 (0.12 to 0.61) 0.001 —_— E
3 0.29 (0.14 to 0.64) 0.002 — 1
4 0.27 (0.12 to 0.58) 0.001 —— E
5 0.28 (0.13 to 0.60) 0.001 —_— E
Good 6 0.23 (0.10 t0 0.50) < 0.001 — H
01025 05 075 1 125
“— —>

o -
hyperuricemia Hyperuricemia

Figure 2. ORs with 95% Cls for the association between oral
health score and hyperuricemia. AOR, adjusted odds ratio; Cl,
confidence interval.

study was expanded to include sex stratification, the male
group exhibited a significant association with oral health
and hyperuricemia. In addition, subgroup analysis accord-
ing to pre- and post-menopausal women can be found in
Supplementary Table 4. There was no consistent correlation
between oral health and hyperuricemia depending on pre-
and post-menopausal women.

https://doi.org/10.3904/kjim.2023.425

Association between the oral health score and
hyperuricemia

We calculated the oral health score using oral health sta-
tus and behaviors. The association between the oral health
score and hyperuricemia incidence is presented in Figure 2.
There was a significant tendency between the oral health
score and hyperuricemia regardless of the study popula-
tion (p for trend < 0.05). Specifically, the adjusted OR and
95% Cls for hyperuricemia comparing score 6 with score
0 were 0.42 (0.27-0.64) for all subjects, 0.56 (0.34-0.94)
for male subjects, and 0.23 (0.10-0.50) for female subjects.
The subgroup analysis between pre- and post-menopausal
women for the association between the oral health score
and hyperuricemia incidence is described in Supplementa-
ry Table 5. When the female population was divided into
pre- and post-menopausal states, the adjusted OR and
95% Cls for hyperuricemia comparing score 6 with score
0 were 0.20 (0.05-0.81) for premenopausal women and
0.28 (0.11-0.76) for postmenopausal women, respectively.
In addition, the subgroup analysis based on age is described
in Supplementary Table 6. When the study population was
divided by age (over 65 yr), the adjusted OR and 95% Cl for
hyperuricemia comparing score 6 with score 0 were 0.55
(0.31-0.98) for those under 65 years of age and 0.40 (0.18-
0.86) for those above 65 years of age.

DISCUSSION

This study investigated the association between oral hygiene
and hyperuricemia using a large-scale, cross-sectional study
with KNHANES data. The number of dental caries was asso-
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ciated with hyperuricemia, and oral hygiene behaviors, such
as regular tooth brushing, the use of secondary oral prod-
ucts, and regular dental examination, were also related to
hyperuricemia in all subjects. Furthermore, we applied the
oral health score by grading oral health-related variables and
summing them together. As a result, a significant associa-
tion between the oral health score and hyperuricemia was
also confirmed. According to the sex-based subgroup anal-
ysis, a higher oral health score was associated with a lower
incidence of hyperuricemia regardless of sex. In detail, a sta-
tistically significant relationship between higher oral health
scores and a lower incidence of hyperuricemia was observed
in the male subgroup. However, in the female group, only a
small difference between oral health score groups 1~6 was
observed, and the group with an oral health score of Ohad a
remarkably greater incidence of hyperuricemia. There were
no significant differences in trend between the premeno-
pausal and postmenopausal subgroup analyses. According
to the age-based subgroup analysis, a similar correlation
between the oral health score and hyperuricemia was main-
tained in both groups, but this correlation was statistically
valid only in the elderly group (aged 65 to 80 yr).

Although several previous studies exist, the association
between oral disease and hyperuricemia has remained con-
troversial. Recently, Byun et al. [21] analyzed the relation-
ship between periodontitis and hyperuricemia in a large
population and reported that the two diseases were not
significantly correlated. On the other hand, Banu et al. [22]
reported that blood uric acid levels in patients with peri-
odontitis were greater than those in normal subjects. The
former study may have had data reliability issues because
it used data acquired over an extended period (from 2004
to 2016). In the latter study, there may have been problems
with including a limited number of patients as samples. In
this study, we used data from the KNHANES 2016-2019
database with the same protocol within a relatively short
period. We secured a sufficient number of subjects for sta-
tistical analysis, which could be a strength of this study.

Although a clear mechanism underlying the relationship
between oral hygiene and hyperuricemia is unknown, sev-
eral perspectives can be derived from previous studies. First,
the change in the oral microbiota caused by poor oral hy-
giene can be mentioned, as the oral microbiota is known for
its association with various diseases [23]. In a previous study,
Prevotella intermedia, which is known as one of the caus-
ative bacteria of tooth decay and periodontitis, was found
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to be abundant in the oral microbiota of gout patients [24].
In addition, the color of the root of the tongue, which may
be related to oral health and oral microbiota, is indicative of
hyperuricemia [25]. Furthermore, it has been reported that
abnormal findings of the oral microbiota are also associated
with severe asthma, cardiovascular disease, diabetes, and
rheumatoid arthritis [26-32]. Most importantly, Sheng et al.
[33] recently reported that hyperuricemia is associated with
changes in the gut microbiota. As the composition of the
oral microbiota is known to affect the composition of the
gut microbiota [34], poor oral hygiene may cause changes
in the oral microbiota, which may explain the association
between oral hygiene and hyperuricemia [35]. Second, oral
disease itself is known to be associated with metabolic dis-
orders. Consistent with the results of this study, a previous
meta-analysis study also revealed an association between
periodontitis and hypertension [36]. In addition, Kobayashi
et al. [37] reported that oral hygiene is associated with met-
abolic syndrome. According to a recent randomized con-
trolled trial, the risk of metabolic syndrome was lower in
the group with oral hygiene intervention than in the group
without intervention [38]. Taken together, these findings
suggest that oral hygiene may be related to hyperuricemia
and metabolic disorders.

This study has several limitations. First, the oral health-re-
lated variables did not include the presence of periodontitis,
a common clinical manifestation of an individual’s oral hy-
giene. However, in patients with periodontitis, dental exam-
inations and radiological examinations are necessary. Fur-
thermore, since the severity of periodontitis may vary from
patient to patient, we quantitatively evaluated the patient’s
oral health status by counting the number of dental caries.
Second, oral health status and behaviors were investigated
using a self-report questionnaire. Third, there is a possibility
that unadjusted covariates were not analyzed in this study.
Fourth, as our categories of the oral health score comprise
efforts to prevent oral diseases, there is a possibility that in-
dividuals in the low oral health score group have lower con-
cerns about their health status, resulting in hyperuricemia.
Finally, this cross-sectional study aimed to determine the
association between oral hygiene and hyperuricemia but
could not establish a cause-and-effect relationship. We ex-
pect that a future study will be able to identify the predeces-
sor relationship between oral hygiene and hyperuricemia.

In conclusion, we demonstrated that oral health status
and behaviors are associated with hyperuricemia, especial-
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ly in males. In addition, when subjects are grouped by the
oral health scoring system, the prevalence of hyperuricemia
is lower in groups with better oral health scores. Further
complementary studies are needed to confirm a definitive
association between oral health and hyperuricemia.

KEY MESSAGE

1. We demonstrated that oral health status and be-
haviors are associated with hyperuricemia, espe-
cially in males.

2. When subjects are grouped by the oral health
scoring system, the prevalence of hyperuricemia is
lower in groups with better oral health scores.
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Supplementary Table 1. The schematic table for oral health
score

Oral health-related variable Score

The number of dental caries

0 2

1-2 1

>3 0
The number of tooth brushing

<1 0

2 1

>3 2
The use of secondary oral products

No 0

Yes 1
Regular dental examination

No 0

Yes 1
Oral health score

Total 6
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Supplementary Table 2. Baseline characteristics of male subjects according to uric acid level

Variable No hyperuricemia Hyperuricemia B
(n =6,207/6,986,441) (n=1,610/1,938,895)

Age (yr) 50.0+04 440+ 0.6 < 0.001
Income (quartile) 0.15

1st 23.3(0.9) 25.4(1.6)

2nd 25.9(0.8) 23.8(1.5)

3rd 25.4(0.8) 275 (1.5)

4th 25.4 (1.0 23.2(1.6)
BMI (kg/m?) 24.2 +0.1 26.0+0.1 < 0.001
SBP (mmHg) 120.2 £ 0.3 121.7 £0.5 0.004
DBP (mmHg) 772 +0.2 79.8+0.4 < 0.001
Uric acid (mg/dL) 55+0.0 7.8+0.0 < 0.001
Fasting blood glucose (mg/dL) 103.9+05 100.6 £ 0.5 < 0.001
Total cholesterol (mg/dL) 189.0 + 0.6 198.7 +1.3 < 0.001
Triglyceride (mg/dL) 1456+ 1.9 1921 +£5.0 <0.001
HDL-C (mg/dL) 487 +0.2 459+ 04 < 0.001
GFR (mL/min/1.73 m?) 90.1+0.3 849+0.6 < 0.001
Hypertension 0.003

Normal 38.0(0.9) 31.6(1.7)

Pre-hypertension 30.4 (0.7) 33.3(1.7)

Hypertension 31.6(0.8) 35.2(1.7)
Diabetes < 0.001

Normal 51.2 (1.0) 49.5(1.7)

Pre-diabetes 34.1(0.9) 411 (1.5)

Diabetes 14.7 (0.6) 9.4(0.8)
Dyslipidemia 447 (0.8) 55.7 (1.8) < 0.001
Cancer 1.3(0.1) 1.4 (0.4) 0.72
Depression 1.6 (0.2) 1.3(0.4) 0.54
Smoking 0.99

Non-smoker 25.2 (0.9) 25.4(1.5)

Ex-smoker 44.9(0.9) 449(1.7)

Current smoker 29.8 (0.8) 29.7 (1.8)
Alcohol drinking 59.5(0.9) 68.3(1.6) < 0.001
Regular exercise 53.7 (0.9) 496 (1.6) 0.02
The number of dental caries 0.07

0 70.3(0.9) 66.0 (1.9)

1-2 21.7(0.7) 24.4(1.7)

>3 8.0(0.5) 9.6 (1.0)
The number of tooth brushing 0.66

<1 13.0 (0.6) 12.5 (1.0)

2 39.2(0.8) 38.1(1.7)

>3 47.8 (0.9) 49.4(1.7)
The use of secondary oral products 51.2(0.9) 52.9(1.6) 0.35
Regular dental examination 37.4(0.9) 35.5(1.8) 0.32

Values are presented as mean = standard error or percentage (standard error).

The numbers of groups are expressed as unweighted and weighted numbers (unweighted n/weighted n).

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; GFR,
glomerular filtration rate.
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Supplementary Table 3. Baseline characteristics of female subjects according to uric acid level

KJIM™

No hyperuricemia

Hyperuricemia

Variable (n = 8,989/9,342,211) (n = 751/803,745) pvalue
Age (yr) 50.0+0.3 54.2+09 < 0.001
Income (quartile) 0.72

1st 24.5(0.7) 26.2 (1.9)

2nd 24.6 (0.7) 23.0(2.0)

3rd 25.4(0.7) 24.3(2.0)

4th 25.5(0.9) 26.6 (2.5)
BMI (kg/m?) 23.2+0.1 25702 < 0.001
SBP (mmHg) 116.5+0.3 121.7 £ 0.9 < 0.001
DBP (mmHg) 739+0.2 75.2+05 0.01
Uric acid (mg/dL) 43+0.0 6.7 +0.0 < 0.001
Fasting blood glucose (mg/dL) 98.0+0.3 103.9+09 < 0.001
Total cholesterol (mg/dL) 193.5+0.4 197.8 + 1.7 0.02
Triglyceride (mg/dL) 109.0+ 1.0 1579 +5.4 <0.001
HDL-C (mg/dL) 56.0+0.2 498 £0.7 < 0.001
GFR (mL/min/1.73 m?) 943+0.3 80.2+1.2 < 0.001
Hypertension < 0.001

Normal 52.8(0.8) 34.0(2.2)

Pre-hypertension 21.3(0.6) 20.9(2.0)

Hypertension 25.9(0.7) 451 (2.3)
Diabetes < 0.001

Normal 63.1 (0.8) 409 (2.4)

Pre-diabetes 27.2 (0.6) 40.7 (2.3)

Diabetes 9.7 (0.4) 18.4(1.6)
Dyslipidemia 33.6(0.7) 54.5(2.4) < 0.001
Cancer 2.6(0.2) 1.6 (0.5) 0.13
Depression 3.2(0.2) 5.3(1.0) 0.02
Smoking 0.03

Non-smoker 88.1(0.5) 849 (1.5)

Ex-smoker 7.8(0.4) 8.7(1.2)

Current smoker 41(0.3) 6.4(1.2)
Alcohol drinking 31.6 (0.7) 31.2 (2.5) 0.89
Regular exercise 59.7 (0.7) 64.1 (2.0) 0.04
The number of dental caries 0.15

0 77.9 (0.8) 73.8(2.3)

1-2 16.7 (0.6) 19.7 (2.0)

>3 5.4 (0.4) 6.5(1.2)
The number of tooth brushing <0.001

<1 5.5(0.3) 11.5(1.4)

2 34.8(0.7) 35.4(2.3)

>3 59.7 (0.8) 53.0 (2.5)
The use of secondary oral products 62.5(0.7) 56.3 (2.4) 0.008
Regular dental examination 39.5(0.7) 32.9(2.3) 0.007

Values are presented as mean + standard error or percentage (standard error).
The numbers of groups are expressed as unweighted and weighted numbers (unweighted n/weighted n).

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; GFR,

glomerular filtration rate.
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Supplementary Table 4. Additional analysis between pre- and post-menopausal women for the association between oral
health score and hyperuricemia

Hyperuricemia (uric acid > 7.0 mg/dL in male, > 6.0 mg/dL in female)

Variable -
Crude OR 95% Cl p value Adjusted OR? 95% Cl p value
Pre-menopausal women subjects
(n =4,930/5,581,335)
The number of dental caries
0 1 1
1-2 1.36 1.02-1.82 0.005 1.07 0.78-1.46 0.68
>3 1.87 1.26-2.77 0.04 1.19 0.77-1.85 0.44
The number of tooth brushing
<1 1 1
2 0.45 0.27-0.72 < 0.001 0.52 0.30-0.89 0.02
>3 0.47 0.30-0.75 < 0.001 0.68 0.41-1.16 0.16
The use of secondary oral products
No 1 1
Yes 0.87 0.68-1.12 0.27 1.02 0.78-1.34 0.88
Regular dental examination
No 1 1
Yes 0.85 0.67-1.09 0.20 0.97 0.75-1.27 0.85
Post-menopausal women subjects
(n=4,810/4,564,621)
The number of dental caries
0 1 1
1-2 1.33 1.04-1.70 0.02 1.22 0.93-1.59 0.18
>3 1.08 0.69-1.69 0.73 1.03 0.63-1.67 0.15
The number of tooth brushing
<1 1 1
2 0.64 0.48-0.86 0.003 0.94 0.68-1.31 0.32
>3 0.46 0.35-0.62 < 0.001 0.89 0.63-1.26 0.71
The use of secondary oral products
No 1 1
Yes 0.64 0.53-0.78 < 0.001 0.86 0.69-1.08 0.20
Regular dental examination
No 1 1
Yes 0.75 0.60-0.92 0.007 1.02 0.81-1.30 0.85

OR, odds ratio; Cl, confidence interval.
3| ogistic model was adjusted for age, sex, income level, body mass index, glomerular filtration rate, hypertension, diabetes, dyslip-
idemia, cancer, depression, smoking, alcohol consumption, and exercise status.
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Suuplementary Table 5. Subgroup analysis between pre- and post-menopausal women for the association between oral
health score and hyperuricemia

Hyperuricemia (> 6.0 mg/dL in female)

Variable -
Crude OR 95% Cl p value Adjusted OR? 95% Cl p value
Pre-menopausal women subjects
(n =4,930/5,581,335)
Oral health score
0 1 1
1 0.36 0.10-1.36 0.13 0.21 0.05-1.01 0.05
2 0.22 0.07-0.73 0.01 0.16 0.04-0.69 0.01
3 0.22 0.07-0.71 0.01 0.21 0.05-0.83 0.02
4 0.21 0.07-0.65 0.007 0.22 0.06-0.88 0.03
5 0.17 0.05-0.54 0.003 0.20 0.05-0.81 0.02
6 0.15 0.05-0.48 0.001 0.20 0.05-0.81 0.02
p for trend 0.001 0.80
Post-menopausal women subjects
(n=4,810/4,564,621)
Oral health score
0 1 1
1 0.48 0.19-1.22 0.12 0.36 0.12-1.01 0.05
2 0.37 0.16-0.88 0.01 0.37 0.14-0.98 0.04
3 0.36 0.16-0.83 0.02 0.39 0.15-0.98 0.04
4 0.27 0.12-0.62 0.02 0.33 0.13-0.85 0.02
5 0.25 0.11-0.58 0.002 0.40 0.15-1.02 0.06
6 0.16 0.06-0.37 0.001 0.28 0.11-0.76 0.01
p for trend <0.001 0.23

OR, odds ratio; Cl, confidence interval.
3| ogistic model was adjusted for age, sex, income level, body mass index, glomerular filtration rate, hypertension, diabetes, dyslip-
idemia, cancer, depression, smoking, alcohol consumption, and exercise status.
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Supplementary Table 6. Subgroup analysis based on age (65 years) for the association between oral health score and hy-

peruricemia
Variable Hyperuricemia (uric acid > 7.0 mg/dL in male, > 6.0 mg/dL in female)
Crude OR 95% Cl p value Adjusted OR? 95% Cl p value
Age, < 65 yr (n = 13,055/15,670,683)
Oral health score
0 1 1
1 0.70 0.40-1.21 0.21 0.71 0.38-1.30 0.27
2 0.58 0.35-0.96 0.04 0.66 0.37-1.16 0.15
3 0.52 0.31-0.85 0.01 0.65 0.37-1.14 0.14
4 0.48 0.29-0.79 0.003 0.66 0.38-1.15 0.15
5 0.42 0.26-0.69 < 0.001 0.67 0.38-1.17 0.16
6 0.31 0.19-0.51 <0.001 0.55 0.31-0.98 0.04
p for trend < 0.001 0.12
Age 65-80 yr (n = 3,749/3,400,610)"
Oral health score
0 1 1
1 0.52 0.25-1.09 0.08 0.35 0.15-0.79 0.01
2 0.43 0.22-0.83 0.01 0.36 0.17-0.74 0.006
3 0.54 0.29-1.01 0.05 0.44 0.22-0.89 0.02
4 033 0.17-0.62 <0.001 0.31 0.15-0.63 0.001
5 0.29 0.15-0.57 < 0.001 0.27 0.13-0.57 < 0.001
6 0.40 0.20-0.81 <0.001 0.40 0.18-0.86 0.02
p for trend < 0.001 0.03

OR, odds ratio; Cl, confidence interval.

3| ogistic model was adjusted for age, sex, income level, body mass index, glomerular filtration rate, hypertension, diabetes, dyslip-
idemia, cancer, depression, smoking, alcohol consumption, and exercise status.

®In the subgroup analysis based on age, subjects over 80 years were excluded because their age was coded as 80 for deidentifica-
tion.
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