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Abstract: This study aims to determine the association between UpH (<5.5), Community Periodontal
Index (CPI), and the number of remaining teeth—cumulative indicators of oral health—using data
from the 7th Korea National Health and Nutrition Examination Survey (KNHANES, 2016–2018),
which represents the Korean population. Data from 12,689 adults aged 19 years and older who
had periodontal examinations were analyzed. Logistic regression analysis was performed after
adjusting for demographic, health, and health-related behavioral factors as covariates to determine
the association between UpH, CPI, and the number of remaining teeth. This study found that UpH
(<5.5) was associated with CPI and the number of remaining teeth. For UpH (<5.5), the odds ratio
for CPI (≥4 mm) was 1.19 times (95% CI: 1.06–1.33). The risk of tooth loss was 1.25 times (95%
CI: 1.06–1.48) for those with 0–19 remaining teeth and 1.20 times (95% CI: 1.07–1.34) for those with
20–27 teeth. The results revealed an association between UpH, CPI, and the number of remaining
teeth. However, further longitudinal research on UpH and oral status is necessary.

Keywords: Community Periodontal Index (CPI); Korea National Health and Nutrition Examination
Survey (KNHANES); oral health; urine

1. Introduction

Urine pH (UpH) refers to urine acidity. On average, UpH is slightly acidic with a pH
of 6.0, and acidic urine means a pH of less than 5.5 [1]. It is known to be influenced by
systemic factors such as an individual’s diet, insulin resistance, hydration status, diuretics,
and chronic kidney disease medications [2–5].

Previous studies have reported that UpH (<5.5) is associated with metabolic syndrome
(Mets), obesity, diabetes development, and insulin resistance [6–8]. In addition, a retro-
spective cohort study of predictors of acidic urine and Mets has found that acidic urine
is associated with a higher risk of developing Mets [9]. These results suggest that insulin
resistance may be involved in the reduction in ammonium excretion in the proximal tubule,
which acts as a buffer for urine [6].

Additionally, previous studies with gout patients have suggested that insulin resis-
tance plays an important role in acidic urine [10], and longitudinal analysis has indicated
that it is a risk factor for the new onset of Mets within 5 years among participants with
acidic urine [9]. Therefore, acidic urine seems to be influenced by the participant’s systemic
condition related to insulin resistance and a healthy lifestyle. Research on metabolic dis-
orders and insulin resistance using UpH has been conducted. However, there is limited
research on the oral cavity and other organs using UpH.
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Previous studies related to the oral cavity have reported that insulin resistance is
associated with an increased risk of inflammation of the gingival and periodontal tissues in
the oral cavity. Alternatively, it has been suggested that the presence of periodontal tissue
inflammation may reflect undetected insulin resistance [11].

A previous study reported that tooth loss is considered a cumulative indicator of
lifelong oral health among the indicators of oral health [12]. Among the various bacteria
that contribute to periodontitis, virulence factors of Porphyromonas gingivalis have been
suggested to be the main cause of tooth loss [13]. Through multiple virulence factors, the
bacterium interferes with the host’s immune system, triggers an inflammatory response,
and induces insulin resistance [14]. Notably, oral inflammation is correlated with systemic
diseases, such as diabetes, non-alcoholic fatty liver disease, and cardiovascular diseases [15].

According to these findings, insulin resistance might lead to acidic urine induction and
periodontal tissue inflammation. However, research on the association between UpH (<5.5)
and oral disease is scarce. Therefore, understanding the association between Community
Periodontal Index (CPI) and tooth loss according to the level of UpH will contribute to the
study of oral systemic conditions and biological markers.

This study was conducted based on the research hypothesis that UpH (<5.5) would be
associated with CPI and tooth loss, which are indicators of oral health.

Therefore, this study aims to determine the association between UpH (<5.5), CPI, and
the number of remaining teeth using data from the 7th Korea National Health and Nutrition
Examination Survey (KNHANES, 2016–2018), which represents the Korean population.

2. Materials and Methods
2.1. Study Participants

This study utilized the 7th KNHANES, a nationally representative cross-sectional
survey conducted from 2016 to 2018. Year 1 and 2 (2016–2017) data of the 7th KNHANES
were collected without an Institutional Review Board (IRB) review in accordance with
the Bioethics and Safety Act, and year 3 (2018) data were collected with approval from
the IRB of the Korea Disease Control and Prevention Agency (IRB No. 2018-01-03-P-A).
Out of a total of 16,489 individuals, 13,199 individuals who were over the age of 19 were
analyzed. Out of a total of 16,489 participants who took part in the health survey and
screening examination, 13,199 participants aged 19 years and older were extracted. Among
them, 12,689 participants who underwent periodontal tissue examination were selected for
the analysis. In the results, the discrepancy in the total frequency is due to missing data.
This study utilized data from the 7th Korea National Health and Nutrition Examination
Survey, and the results of oral examinations were analyzed.

2.2. Number of Teeth

The measurement of the dependent variable, tooth count, was conducted by highly
trained public health dentists using standardized methods. The training was provided
through orthodontic lectures, training using tooth models, web-based photo and human
oral examination simulations, and on-site training to ensure the reliability of the oral
examination. The number of remaining teeth was calculated after excluding the third
molars. The number of remaining teeth of the participants was categorized into three
groups: ≤19, 20–27, and 28 teeth, according to the classification of previous studies [16].

2.3. Community Periodontal Index (CPI)

Periodontal examinations for CPI, a dependent variable, were performed by highly
trained public health dentists with ongoing quality control. The examinations were con-
ducted according to the CPI screening criteria set forth by the World Health Organization
(WHO) [17]. Periodontal pocket depths were measured at six sites (maxillary right poste-
rior, maxillary anterior, maxillary left posterior, mandibular right posterior, mandibular
anterior, and mandibular left posterior). Periodontal pocket depth was measured using
the WHO probe, with markings at 3.5 mm and 5.5 mm. The CPI criteria were as follows:
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0 (healthy and no signs of inflammation), 1 (gingival bleeding), 2 (calculus), 3 (shallow
pocket; >3.5 mm and ≤5.5 mm), and 4 (deep pocket; >5.5 mm). For the CPI record, index
teeth or teeth remaining in the sextant were evaluated, and the highest score was recorded.
In this study, we defined a pocket depth of <4 mm (CPI 0–2) and ≥4 mm (CPI 3, 4).

2.4. Urine Ph

Urine samples were collected in the morning after fasting overnight. UpH was mea-
sured using a Urisys 2400 analyzer (Roche, Mannheim, Germany). The measured values
were categorized into 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5, and 9.0. Based on previous studies,
the samples were classified as <5.5 and ≥5.5 [18,19].

2.5. Covariates

Each variable was reclassified as follows. Demographic factors included gender, age,
household income level, and education. Age was categorized into 19–29, 30–39, 40–49,
50–59, and 60+. Household income quartiles were categorized into three groups: high,
middle (mid-high and mid-low), and low. Education level was categorized into less than
an elementary school diploma, middle school diploma, high school diploma, and college
degree or higher.

For health factors, having diabetes means a fasting blood glucose of ≥126 mg/dL,
diagnosis by a physician, taking glycemic control medication, or injecting insulin [20]. The
body mass index (BMI) was categorized into underweight (<18.5 kg/m2), normal weight
(18.5–22.9 kg/m2), overweight (23–24.9 kg/m2), and obese (>25 kg/m2).

For health-related behavioral factors, current smoking status was divided into non-
smoking (smoking less than five packs) and smoking (smoking more than five packs) [21,22].
Drinking status was divided into non-drinking (lifetime non-drinking or drinking less than
one drink per month in the past year) and drinking (drinking more than one drink per
month in the past year) [23]. Daily toothbrushing frequency was divided into ≤ 1 times/day,
and ≥2 times/day.

2.6. Statistical Analysis

The KNHANES data were collected using a complex sample design, and a composite
sample analysis was conducted after applying weights, stratification variables (kstrata),
and primary sampling unit (psu).

A cross-analysis was conducted on UpH, CPI, and the number of remaining teeth ac-
cording to the general characteristics of the participants. The association between UpH and
the number of remaining teeth was assessed using the Multinomial logistic regression mod-
els. The association between UpH and CPI was evaluated using logistic regression models.

Model 1 is the unadjusted model, and Model 2 is the adjusted model for gender, age,
household income, education, diabetes, BMI, smoking, drinking, and daily toothbrushing
frequency. Results are presented as odds ratios for tooth loss and CPI, with 95% confidence
intervals (CIs).

All statistical analyses were conducted using the SPSS Windows software version 20.0,
and significance was tested at a Type I error level of 0.05.

3. Results
3.1. Urine pH by General Characteristics

Table 1 shows the UpH by the general characteristics of the participants. The frequency
of UpH < 5.5 was higher in females than in males (p = 0.126) and increased with age
(p < 0.05). It was higher among those with a middle household income and those with a
college degree or higher, but this was not statistically significant. It was higher among those
without diabetes at 88.6% (p < 0.001), in the obese group at 37.5%, and in the non-smoking
group at 80.5% (p < 0.001). It was as high as 90.4% in the group brushing teeth two times or
more a day (p < 0.05), 66.1% in the group with CPI (<4 mm), and 44.4% in the group with
20–27 teeth (p < 0.001).
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Table 1. Characteristics of the study population stratified by urine pH.

Characteristics

Urine pH
p-Value **<5.5 ≥5.5

n % * n % *

Sex (n = 12,643) Man 2222 44.0 3413 42.5 0.126
Woman 2680 56.0 4328 57.5

Age (n = 12,643) 19–29 493 10.8 977 13.2 0.005
30–39 747 14.6 1240 15.8
40–49 964 18.7 1354 17.0
50–59 1009 21.4 1429 19.5
≥60 1689 34.4 2741 34.5

House income
(n = 12,606) Lower 1000 19.9 1482 18.9 0.575

Median 2500 50.7 4037 52.1
Upper 1390 29.4 2197 29.0

Education ≤Primary school 993 20.9 1523 19.3 0.291
(n = 12,106) Middle school 485 10.4 720 10.1

High school 1443 31.5 2431 33.3
≥College 1757 37.2 2754 37.3

Diabetes
(n = 12,643) Absence 4302 88.6 7098 91.9 <0.001

Presence 600 11.4 643 8.1

BMI Underweight 167 3.5 312 4.2 <0.001
(n = 12,347) Normal 1716 36.8 2974 40.2

Overweight 1059 22.2 1742 23.0
Obesity 1850 37.5 2527 32.6

Smoking
(n = 12,543) Non-smoker 3891 80.5 6393 83.7 <0.001

Smoker 977 19.5 1282 16.3

Alcohol drinking
(n = 12,549) Non-drinker 2254 46.5 3568 46.3 0.806

Drinker 2615 53.5 4112 53.7

Tooth
brushing/day ≤1 482 9.6 652 8.2 0.034

(n = 12,274) ≥2 4274 90.4 6866 91.8

CPI <4 mm 3092 66.1 5247 71.3 <0.001
(n = 12,178) ≥4 mm 1608 33.9 2231 28.7

Number of teeth 0–19 831 17.1 1218 15.3 <0.001
(n = 12,643) 20–27 2170 44.4 3237 41.2

28 1901 38.5 3286 43.5

* Weighted %; ** p-Value was calculated by complex sample chi-square test.

3.2. CPI by General Characteristics

Table 2 shows the periodontal tissue condition by the general characteristics of the
participants. The CPI (≥4 mm) was higher in men and increased with age (p < 0.001). It was
higher among those with a middle household income at 52.3% and high school graduates
at 30.4%, but this was not statistically significant (p < 0.001).

It was higher among those without diabetes at 84.5%, in the obese group at 40.5%
(p < 0.001), in the non-smoking group at 76.2%, and in the group brushing teeth two times
or more a day at 88.1% (p < 0.001). It was 57.5% in the group with UpH ≥ 5.5 and 53.2% in
the group with 20–27 remaining teeth (p < 0.001).
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Table 2. Characteristics of the study population stratified by CPI.

Characteristics

CPI
p-Value **<4 mm ≥4 mm

n % * n % *

Sex (n = 12,689) Man 3417 37.8 2128 52.1 <0.001
Woman 5291 62.2 1853 47.9

Age (n = 12,689) 19–29 1501 17.8 61 1.7 <0.001
30–39 1806 20.0 294 7.1
40–49 1768 19.8 647 15.2
50–59 1466 17.8 1005 26.4
≥60 2167 24.5 1974 49.6

House income
(n = 12,656) Lower 1331 15.1 1009 25.0 <0.001

Median 4563 51.9 2069 52.3
Upper 2796 33.0 888 22.7

Education ≤Primary school 1172 13.4 1147 29.8 <0.001
(n = 12,110) Middle school 654 7.8 522 14.7

High school 2827 34.7 1134 30.4
≥College 3686 44.0 968 25.1

Diabetes
(n = 12,689) Absence 8134 93.7 3358 84.5 <0.001

Presence 574 6.3 623 15.5

BMI Underweight 379 4.5 96 2.3 <0.001
(n = 12,390) Normal 3523 42.2 1210 32.0

Overweight 1839 21.4 955 25.2
Obesity 2760 31.8 1628 40.5

Smoking
(n = 12,571) Non-smoker 7344 85.4 2966 76.2 <0.001

Smoker 1292 14.6 969 23.8

Alcohol drinking
(n = 12,580) Non-drinker 3921 45.3 1830 46.8 0.216

Drinker 4716 54.7 2113 53.2

Tooth
brushing/day ≤1 611 6.6 470 11.9 <0.001

(n = 12,400) ≥2 7934 93.4 3385 88.1

UpH <5.5 3092 36.8 1608 42.5 <0.001
(n = 12,178) ≥5.5 5247 63.2 2231 57.5

Number of teeth 0–19 894 10.0 781 20.0 <0.001
(n = 12,689) 20–27 3469 39.7 2123 53.2

28 4345 50.3 1077 26.9

* Weighted %; ** p-Value was calculated by complex sample chi-square test.

3.3. Number of Remaining Teeth by General Characteristics

Table 3 shows the number of remaining teeth by the general characteristics of the
participants. The group with 0–19 remaining teeth had a higher frequency in women than
men, with increasing age, and in a lower household income and education level (p < 0.001).
It was higher among those without diabetes at 85.9% (p < 0.001) and in the obese group
at 37.0% (p < 0.001). It was higher in the non-smoking and non-drinking groups at 81.2%
(p = 0.132) and 60.6% (p < 0.001), respectively. It was as high as 80.2% in the group brushing
teeth two times or more a day (p < 0.05), 58.8% in the group with UpH ≥ 5.5, and 53.3% in
the group with CPI (<4 mm) (p < 0.001).
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Table 3. Characteristics of the study population stratified by number of teeth.

Characteristics

Number of Teeth
p-Value **0–19 20–27 28

n % * n % * n % *

Sex (n = 13,199) Man 1029 47.3 2373 40.3 2391 42.7 <0.001
Woman 1151 52.7 3223 59.7 3032 57.3

Age (n = 13,199) 19–29 2 0.1 393 7.4 1167 22.3 <0.001
30–39 11 0.6 745 13.0 1346 23.9
40–49 47 2.1 951 16.5 1421 25.1
50–59 226 10.8 1358 25.5 909 17.7
≥60 1894 86.4 2149 37.6 580 11.1

House income
(n = 13,161) Lower 1079 47.7 1086 19.2 476 9.1 <0.001

Median 881 42.1 2945 52.1 2985 54.4
Upper 209 10.1 1547 28.7 1953 36.5

Education ≤Primary school 1175 56.0 1136 20.3 318 6.5 <0.001
(n = 12,566) Middle school 300 15.3 680 13.0 253 5.1

High school 371 20.0 1768 33.9 1889 36.4
≥College 166 8.7 1750 32.8 2760 52.0

Diabetes
(n = 13,199) Absence 2988 85.9 5493 90.2 6077 96.7 <0.001

Presence 488 14.1 619 9.8 200 3.3

BMI Underweight 74 3.8 192 3.5 234 4.3 <0.001
(n = 12,880) Normal 714 34.4 2012 38.4 2195 41.5

Overweight 539 24.8 1247 22.8 1114 21.3
Obesity 772 37.0 2008 35.3 1779 32.8

Smoking
(n = 13,061) Non-smoker 1746 81.2 4520 82.2 4448 83.3 0.132

Smoker 381 18.8 1027 17.8 939 16.7

Alcohol drinking
(n = 13,069) Non-drinker 1308 60.6 2661 47.7 2113 39.9 <0.001

Drinker 823 39.4 2890 52.3 3274 60.1

Tooth
brushing/day ≤1 392 19.8 483 8.2 317 5.5 <0.001

(n = 12,759) ≥2 1525 80.2 5006 91.8 5036 94.5

Urine pH <5.5 874 41.2 2350 40.4 2196 35.7 <0.001
(n = 14,024) ≥5.5 1294 58.8 3519 59.6 3791 64.3

CPI <4 mm 894 53.3 3469 62.9 4345 81.0 <0.001
(n = 12,689) ≥4 mm 781 46.7 2123 37.1 1077 19.0

* Weighted %; ** p-Value was calculated by complex sample chi-square test.

3.4. Association between UpH and CPI

Table 4 shows the results of the association between UpH and CPI. In Model 1, not
adjusted for low UpH (<5.5), the odds ratio for CPI ≥4 mm was 1.27 times (95% CI
1.14–1.41). Model 2, adjusted for socioeconomic factors, showed an odds ratio for CPI
≥4 mm of 1.24 (95% CI 1.11–1.38), and Model 3, adjusted for socioeconomic and medical
factors, showed an odds ratio for CPI ≥ 4 mm of 1.20 (95% CI 1.07–1.33). Finally, in Model
4, adjusted for socioeconomic, medical, and health-related behavioral factors, the odds
ratio for CPI ≥ 4 mm was 1.19 (95% CI 1.06–1.33).
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Table 4. Multivariable association between UpH and CPI ≥ 4 mm.

Model 1 Model 2 Model 3 Model 4

UpH Unadjusted Adjusted Odds Ratio (95% Confidence Interval)

(1) <5.5 1.27
(1.14–1.41) **

1.24
(1.11–1.38) **

1.20
(1.07–1.33) *

1.19
(1.06–1.33) *

(2) ≥5.5 Reference Reference Reference Reference

Data are presented as OR (95% CI). OR: odds ratio; CI: confidence interval, * p < 0.01 and ** p < 0.001.

Model 1 unadjusted model. Model 2 adjusted for socioeconomic variables (sex, age,
household income, and education). Model 3 adjusted for the same factors as model
2 plus general health variables (diabetes mellitus and BMI). Model 4 adjusted for the
same factors as Model 3 plus health and behavior variables (smoking, alcohol drinking,
and toothbrushing).

3.5. Association between Urine pH and the Number of Teeth

Table 5 shows the results of the association between UpH and the number of teeth.
Model 1 for 0–19 teeth shows an odds ratio of tooth loss increase of 1.26 times in the
UpH ≥ 5.5 group compared to the UpH < 5.5 group. In Model 2, adjusted for all variables,
it increased 1.25 times (95% CI 1.06–1.48). Furthermore, in Model 1 for 20–27 teeth, the
odds ratio increased 1.21 times. In Model 2, the odds ratio of tooth loss was 1.20 times
(95% CI 1.07–1.34) in the UpH < 5.5 group.

Table 5. Association between exposure variable number of teeth 0–19 and 20–27.

28 versus 0–19 28 versus 20–27

Model 1 Model 2 Model 1 Model 2

UpH Unadjusted Adjusted OR
(95% CI) Unadjusted Adjusted OR

(95% CI)

(1) <5.5 1.26 (1.09–1.45) * 1.25 (1.06–1.48) * 1.21 (1.10–1.33) ** 1.20 (1.07–1.34) *
(2) ≥5.5 Reference Reference Reference Reference

Data are presented as OR (95% CI). OR: odds ratio; CI: confidence interval, * p < 0.01 and ** p < 0.001.

Model 1 unadjusted model. Model 2 adjusted for socioeconomic variables (sex, age,
household income, and education), general health variables (diabetes mellitus and BMI),
and health and behavior variables (smoking, alcohol drinking, and toothbrushing).

4. Discussion

This study analyzed the association between UpH (<5.5), which may indicate systemic
health status, CPI, and the number of remaining teeth using raw data from the 7th KN-
HANES, representing the Korean adult population. A total of 12,689 adults aged 19 years
and older who underwent periodontal examinations were examined. This is the first study
to examine the association of UpH (<5.5) with oral indicators (CPI and the number of
remaining teeth). Key findings from the study were as follows.

After adjusting for all variables, UpH (<5.5) was associated with CPI (≥4 mm) and
fewer remaining teeth. For UpH (<5.5), the odds ratio for CPI (≥4 mm) was 1.19 times (95%
CI: 1.06–1.33) while the risk of tooth loss was 1.25 times (95% CI: 1.06–1.48) for those with
0–19 remaining teeth and 1.20 times (95% CI: 1.07–1.34) for those with 20–27 teeth.

The results of this study show that there was no significant difference in the CPI by
alcohol consumption (Table 2). The covariate of alcohol drinking is defined as the monthly
alcohol intake. Non-drinkers were defined as individuals who had consumed less than
one drink per month in the past year, while drinkers were those who had consumed one
or more drinks per month in the past year. Therefore, it is presumed that such results
were retrieved because the degree of alcohol consumption was not categorized in detail.
Furthermore, regarding the number of remaining teeth according to alcohol consumption
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status, among the drinkers group, the percentage of individuals with 0–19 teeth was 39.4%,
and the percentage with 28 teeth was 60.1% (Table 3). As mentioned earlier, this could
be due to the issue of categorizing alcohol consumption, or alternatively, although not
mentioned in the data, it is possible that non-drinkers exhibited similar results due to
factors such as their older age and prevalence of systemic diseases.

This study also found that there was no significant difference in the number of re-
maining teeth by smoking status (Table 3). When considering the percentage distribution
by the number of remaining teeth, the proportion of non-smokers was higher at 83.3% in
the group with 28 teeth, while the proportion of non-smokers was lower at 81.2% in the
group with 0–19 teeth. Looking at the results of CPI (≥4 mm) by the frequency of daily
tooth brushing, the number of individuals with CPI (≥4 mm) was found to be higher in the
group who brushed their teeth two or more times a day.

If we consider the cross-analysis in terms of the proportion of vertical sums, individuals
who brushed their teeth two or more times a day accounted for 93.4% in the CPI (<4 mm)
group, while they accounted for a lower proportion of 88.1% in the CPI (≥4 mm) group.
Therefore, while theoretically valid when considering the proportions of the CPI (≥4 mm)
and CPI (<4 mm) groups, it seems that further analysis is needed for individuals who brush
their teeth two or fewer times a day.

In this study, UpH (<5.5) was associated with the Community Periodontal Index and
number of remaining teeth. The causal relationship cannot be established at this point due
to the inadequate literature on the association between UpH and oral health.

We considered insulin resistance as a major factor contributing to urine acidity [24,25].
Insulin resistance is the inability of the body’s cells and tissues to respond appro-

priately to normal levels of insulin. Causes include obesity, lack of exercise, advanced
glycosylation end products (AGEs), excess free fatty acids (FFAs), stress, smoking, alcohol,
or drugs [24,25]. It manifests in various outcomes, including a combination of metabolic
disorders, lipotoxicity, glucotoxicity, and inflammation [26]. As such, it is associated
with the pathophysiologic mechanisms of insulin resistance in the development of Mets,
cardiovascular disease, and inflammation [14].

Previous studies reported that periodontitis causes colonization of bacteria such as
Aggregatibacter actinomycetemcomitans and Porphyromonas gingivalis within the periodontal
pocket, and that bacteria and antigens introduced into the bloodstream via local epithelial
ulcers induce the release of inflammatory mediators. This triggers the inflammation
cascade [27–29].

Furthermore, research suggests a bidirectional relationship between periodontitis
and insulin resistance, where chronic systemic inflammation exacerbates periodontitis
by inducing the expression of tumor necrosis factor-α in periodontal tissues [30]. Such
exacerbation can contribute to tooth loss by promoting the resorption of periodontal tissues.

Since this study did not analyze the data based on the measurements of insulin
resistance, future research should be conducted for investigation in relation to insulin
resistance and type 2 diabetes.

The findings of this study were similar to those of cross-sectional studies on the associ-
ation between Mets and decreased masticatory capacity. Participants with poor masticatory
function, categorized based on the total number of functioning teeth and masticatory capac-
ity, had a more than 2.5-fold increased risk for diseases such as Mets (diabetes, hypertension,
abdominal circumference, and hypercholesterolemia) [31]. Similarly, metabolic syndrome
(MetS) and periodontitis exhibit a bidirectional relationship, arising from factors related to
immune and inflammatory responses [32].

The mechanism linking periodontitis and MetS involves the infiltration of proinflam-
matory cytokines from the gingiva into the bloodstream, leading to increased oxidative
stress, triggering insulin resistance and atherosclerotic changes, potentially resulting in the
development of MetS [33].
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Previous studies have noted that risk factors associated with UpH, such as insulin
resistance and MetS, can also be risk factors for oral diseases. This bidirectional relationship
partially explains the findings of this study.

This study has several strengths. This is the first study to analyze the association
between UpH, a readily measurable urinary parameter, and oral health (CPI and number
of remaining teeth). A representative raw dataset from the Korea National Health and
Nutrition Examination Survey was used.

This study also has the following limitations. First, as it was a cross-sectional study,
causal relationships could not be confirmed. Second, the number of remaining teeth
applied in this study may have varying definitions depending on the status of the subjects.
For example, the number of remaining teeth in individuals with poor oral health may
be inappropriate to reflect a healthy lifestyle. Therefore, in this study, the periodontal
status was also considered to complement the limitations of the number of remaining
teeth. Subsequently, it would be necessary to consider data that allows for a more specific
evaluation of the oral health status. Third, although UpH is associated with specific
conditions and medications, this aspect was not considered in this study. Therefore, bias
may occur as a result. Hence, future research designs need to consider specific conditions
and medication interactions related to UpH.

This study investigated the association between UpH, a readily measurable urinary
parameter, and oral health (CPI and number of remaining teeth). The findings of this
study suggest that UpH could serve as a valuable tool for predicting and screening for oral
diseases in both clinical and community settings following further systematic research. Ad-
ditionally, this parameter holds the potential to contribute to preventive health promotion
programs aimed at addressing non-communicable diseases. In the research domain, UpH
could be a useful biomarker in various biomarker research, including clinical, longitudinal,
and cohort studies.

5. Conclusions

Based on the results of this study, UpH (<5.5) was associated with CPI and the number
of remaining teeth. Since UpH changes with Mets, insulin resistance, and a healthy lifestyle,
comprehensive healthcare is needed for systemic and oral health.

Author Contributions: Conceptualization, J.-E.P.; methodology, S.-Y.H. and J.-E.P.; software, S.-Y.H.;
validation, S.-Y.H.; formal analysis, J.-E.P.; investigation, S.-Y.H.; resources, S.-Y.H. data curation,
S.-Y.H.; writing—original draft preparation, J.-E.P. and S.-Y.H.; writing—review and editing S.-Y.H.;
visualization, S.-Y.H. supervision, J.-E.P.; project administration, J.-E.P.; funding acquisition, J.-E.P. All
authors have read and agreed to the published version of the manuscript.

Funding: The present research was supported by the research fund of Dankook University in 2023.

Institutional Review Board Statement: We used data from the Korea National Health and Nutrition
Examination Survey (KNHANES) VII (2016–2018), a nationally representative cross-sectional survey.
The first- and second-year surveys (2016–2017) were considered as research conducted by the nation
for public welfare and thus were exempted from review by the Institutional Review Board at the
Korea Disease Control and Prevention Agency (KDCA) per the Bioethics and Safety Act. The third-
year survey (2018) was reviewed in consideration of the collection of human-derived materials and
third-party disclosures of raw data (IRB No. 2018-01-03-P-A, 12 January 2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data from the KNHANES VII survey can be accessed and down-
loaded from the KNHANES homepage (URL: https://knhanes.kdca.go.kr/knhanes/eng/index.do
accessed on 15 January 2024).

Conflicts of Interest: The authors declare no conflicts of interest.

https://knhanes.kdca.go.kr/knhanes/eng/index.do


Healthcare 2024, 12, 740 10 of 11

References
1. Park, M.; Jung, S.J.; Yoon, S.; Yun, J.M.; Yoon, H.J. Association between the markers of metabolic acid load and higher all-cause

and cardiovascular mortality in a general population with preserved renal function. Hypertens. Res. 2015, 38, 433–438. [CrossRef]
2. Asplin, J.R.; Goldfarb, D.S. Effect of thiazolidinedione therapy on the risk of uric acid stones. Kidney Int. 2019, 95, 1022–1024.

[CrossRef] [PubMed]
3. Khairallah, P.; Isakova, T.; Asplin, J.; Hamm, L.; Dobre, M.; Rahman, M.; Sharma, K.; Leonard, M.; Miller, E., 3rd; Jaar, B.; et al.

Acid load and phosphorus homeostasis in CKD. Am. J. Kidney Dis. 2017, 70, 541–550. [CrossRef] [PubMed]
4. Kanbara, A.; Miura, Y.; Hyogo, H.; Chayama, K.; Seyama, I. Effect of urine pH changed by dietary intervention on uric acid

clearance mechanism of pH-dependent excretion of urinary uric acid. Nutr. J. 2012, 11, 39. [CrossRef] [PubMed]
5. Coe, F.L.; Worcester, E.M.; Evan, A.P. Idiopathic hypercalciuria and formation of calcium renal stones. Nat. Rev. Nephrol. 2016, 12,

519–533. [CrossRef] [PubMed]
6. Maalouf, N.M.; Sakhaee, K.; Parks, J.H.; Coe, F.L.; Adams-Huet, B.; Pak, C.Y. Association of urinary pH with body weight in

nephrolithiasis. Kidney Int. 2004, 65, 1422–1425. [CrossRef] [PubMed]
7. Taylor, E.N.; Curhan, G.C. Body size and 24-hour urine composition. Am. J. Kidney Dis. 2006, 48, 905–915. [CrossRef]
8. Cameron, M.A.; Maalouf, N.M.; Adams-Huet, B.; Moe, O.W.; Sakhaee, K. Urine composition in type 2 diabetes: Predisposition to

uric acid nephrolithiasis. J. Am. Soc. Nephrol. 2006, 17, 1422–1428. [CrossRef] [PubMed]
9. Hara, S.; Tsuji, H.; Ohmoto, Y.; Amakawa, K.; Hsieh, S.D.; Arase, Y.; Nakajima, H. High serum uric acid level and low urine pH as

predictors of metabolic syndrome: A retrospective cohort study in a Japanese urban population. Metabolism 2012, 61, 281–288.
[CrossRef] [PubMed]

10. Takahashi, S.; Inokuchi, T.; Kobayashi, T.; Ka, T.; Tsutsumi, Z.; Moriwaki, Y.; Yamamoto, T. Relationship between Insulin
Resistance and Low Urinary pH in Patients with Gout, and Effects of PPARα Agonists on Urine pH. Horm. Metab. Res. 2007, 39,
511–514. [CrossRef]

11. Andriankaja, O.M.; Muñoz-Torres, F.J.; Vivaldi-Oliver, J.; Leroux, B.G.; Campos, M.; Joshipura, K.; Pérez, C.M. Insulin resistance
predicts the risk of gingival/periodontal inflammation. J. Periodontol. 2018, 89, 549–557. [CrossRef] [PubMed]

12. Al-Maweri, S.A.; Ibraheem, W.I.; Al-Ak’hali, M.S.; Shamala, A.; Halboub, E.; Alhajj, M.N. Association of periodontitis and tooth
loss with liver cancer: A systematic review. Crit. Rev. Oncol. Hematol. 2021, 159, 103221. [CrossRef]

13. Benahmed, A.G.; Mujawdiya, P.K.; Noor, S.; Gasmi, A. Porphyromonas gingivalis in the Development of Periodontitis: Impact on
Dysbiosis and Inflammation. Arch. Razi Inst. 2022, 77, 1539–1551.

14. Jia, S.; Li, X.; Qin, D. Host insulin resistance caused by Porphyromonas gingivalis—Review of recent progresses. Front. Cell. Infect.
Microbiol. 2023, 13, 1209381. [CrossRef] [PubMed]

15. Martin-Gonzalez, C.; Martin-Folgueras, T.; Quevedo-Abeledo, J.; De Vera-Gonzalez, A.; Gonzalez-Delgado, A.; De Armas-Rillo,
L.; González-Gay, M.A.; Ferraz-Amaro, I. Apolipoprotein c-III is linked to the insulin resistance and beta-cell dysfunction that are
present in rheumatoid arthritis. Arthritis Res. Ther. 2022, 30, 126. [CrossRef] [PubMed]

16. Shin, H.S. The number of teeth is associated with diet quality in Korean adult population. Arch. Oral. Biol. 2020, 118, 104882.
[CrossRef] [PubMed]

17. WHO. Oral Health Surveys: Basic Methods, 4th ed.; WHO Publications: Geneva, Switzerland, 1997.
18. Shimodaira, M.; Okaniwa, S.; Nakayama, T. Fasting Single-Spot Urine pH Is Associated with Metabolic Syndrome in the Japanese

Population. Med. Princ. Pract. 2017, 26, 433–437. [CrossRef] [PubMed]
19. Chung, S.M.; Moon, J.S.; Yoon, J.S.; Won, K.C.; Lee, H.W. Low urine pH affects the development of metabolic syndrome,

associative with the increase of dyslipidemia and dysglycemia: Nationwide cross-sectional study (KNHANES 2013-2015) and a
single-center retrospective cohort study. PLoS ONE 2018, 24, e0202757. [CrossRef] [PubMed]

20. WHO. Definition and Diagnosis of Diabetes Mellitus and Intermediate Hyperglycemia: Report of a WHO/IDF Consultation; WHO Publica-
tions: Geneva, Switzerland, 2006. Available online: https://apps.who.int/iris/handle/10665/43588?search-result=true&query=
Definition+and+diagnosis+of+diabetes+mellitus&scope=&rpp=10&sort_by=score&order=desc (accessed on 12 January 2024).

21. Schoenborn, C.A.; Adams, P.F.; Peregoy, J.A. Health behaviors of adults: United States, 2008–2010. Vital Health Stat. 2013, 10,
1–184.

22. Park, S.W.; Kim, B.G.; Kim, J.W.; Park, J.W.; Kim, J.I. A cross-sectional study on the pulmonary function of residents in two
urban areas with different PM 10 concentrations: Data from the fourth Korea national health and nutrition examination survey
(KNHANES) 2007–2009. Ann. Occup. Environ. Med. 2018, 30, 47. [CrossRef] [PubMed]

23. Kim, S.O.; Bae, E.M.; Lee, Y.N.; Son, J.S. Association between consumption of sugar-sweetened beverages and risk of cardiovascu-
lar disease in Korean men: Analysis based on the Korea national health and nutrition examination survey 2014–2016. Korean J.
Fam. Med. 2021, 42, 212–218. [CrossRef] [PubMed]

24. Vlassara, H.; Striker, G.E. AGE restriction in diabetes mellitus: A paradigm shift. Nat. Rev. Endocrinol. 2011, 7, 526–539. [CrossRef]
[PubMed]

25. Goodpaster, B.H.; Sparks, L.M. Metabolic flexibility in health and disease. Cell Metab. 2017, 25, 1027–1036. [CrossRef] [PubMed]
26. Khalid, M.; Alkaabi, J.; Khan, M.A.; Adem, A. Insulin signal transduction perturbations in insulin resistance. Int. J. Mol. Sci. 2021,

22, 8590. [CrossRef] [PubMed]
27. Arigbede, A.O.; Babatope, B.O.; Bamidele, M.K. Periodontitis and systemic diseases: A literature review. J. Indian Soc. Periodontol.

2012, 16, 487–491. [CrossRef] [PubMed]

https://doi.org/10.1038/hr.2015.23
https://doi.org/10.1016/j.kint.2019.02.003
https://www.ncbi.nlm.nih.gov/pubmed/31010476
https://doi.org/10.1053/j.ajkd.2017.04.022
https://www.ncbi.nlm.nih.gov/pubmed/28645705
https://doi.org/10.1186/1475-2891-11-39
https://www.ncbi.nlm.nih.gov/pubmed/22676161
https://doi.org/10.1038/nrneph.2016.101
https://www.ncbi.nlm.nih.gov/pubmed/27452364
https://doi.org/10.1111/j.1523-1755.2004.00522.x
https://www.ncbi.nlm.nih.gov/pubmed/15086484
https://doi.org/10.1053/j.ajkd.2006.09.004
https://doi.org/10.1681/ASN.2005121246
https://www.ncbi.nlm.nih.gov/pubmed/16597681
https://doi.org/10.1016/j.metabol.2011.06.026
https://www.ncbi.nlm.nih.gov/pubmed/21864864
https://doi.org/10.1055/s-2007-982517
https://doi.org/10.1002/JPER.17-0384
https://www.ncbi.nlm.nih.gov/pubmed/29520795
https://doi.org/10.1016/j.critrevonc.2021.103221
https://doi.org/10.3389/fcimb.2023.1209381
https://www.ncbi.nlm.nih.gov/pubmed/37520442
https://doi.org/10.1186/s13075-022-02822-w
https://www.ncbi.nlm.nih.gov/pubmed/35637531
https://doi.org/10.1016/j.archoralbio.2020.104882
https://www.ncbi.nlm.nih.gov/pubmed/32835987
https://doi.org/10.1159/000481624
https://www.ncbi.nlm.nih.gov/pubmed/28934731
https://doi.org/10.1371/journal.pone.0202757
https://www.ncbi.nlm.nih.gov/pubmed/30142166
https://apps.who.int/iris/handle/10665/43588?search-result=true&query=Definition+and+diagnosis+of+diabetes+mellitus&scope=&rpp=10&sort_by=score&order=desc
https://apps.who.int/iris/handle/10665/43588?search-result=true&query=Definition+and+diagnosis+of+diabetes+mellitus&scope=&rpp=10&sort_by=score&order=desc
https://doi.org/10.1186/s40557-018-0258-4
https://www.ncbi.nlm.nih.gov/pubmed/30026954
https://doi.org/10.4082/kjfm.20.0114
https://www.ncbi.nlm.nih.gov/pubmed/34038989
https://doi.org/10.1038/nrendo.2011.74
https://www.ncbi.nlm.nih.gov/pubmed/21610689
https://doi.org/10.1016/j.cmet.2017.04.015
https://www.ncbi.nlm.nih.gov/pubmed/28467922
https://doi.org/10.3390/ijms22168590
https://www.ncbi.nlm.nih.gov/pubmed/34445300
https://doi.org/10.4103/0972-124X.106878
https://www.ncbi.nlm.nih.gov/pubmed/23493942


Healthcare 2024, 12, 740 11 of 11

28. Borgnakke, W.S. Does treatment of periodontal disease influence systemic disease? Dent. Clin. N. Am. 2015, 59, 885–917.
29. Hajishengallis, G. Immunomicrobial pathogenesis of periodontitis: Keystones, pathobionts, and host response. Trends Immunol.

2014, 35, 3–11. [CrossRef] [PubMed]
30. Nishimura, F.; Iwamoto, Y.I.; Mineshiba, J.; Shimizu, A.; Soga, Y.; Murayama, Y. Periodontal disease and diabetes mellitus: The

role of tumor necrosis factor-alpha in a 2-way relationship. J. Periodontol. 2003, 74, 97–102. [CrossRef] [PubMed]
31. Pérez-Sayáns, M.; González-Juanatey, J.R.; Lorenzo-Pouso, A.I.; Chamorro-Petronacci, C.M.; Blanco-Carrión, A.; Marichalar-

Mendía, X.; Somoza-Martín, J.M.; Suárez-Quintanilla, J.A. Metabolic syndrome and masticatory hypofunction: A cross-sectional
study. Odontology 2021, 109, 574–584. [CrossRef] [PubMed]

32. Cecoro, G.; Annunziata, M.; Iuorio, M.T.; Nastri, L.; Guida, L. Periodontitis, Low-Grade Inflammation and Systemic Health: A
Scoping Review. Medicina 2020, 56, 272. [CrossRef] [PubMed]

33. Preshaw, P.M.; Alba, A.L.; Herrera, D.; Jepsen, S.; Konstantinidis, A.; Makrilakis, K.; Taylor, R. Periodontitis and diabetes: A
two-way relationship. Diabetologia 2012, 55, 21–31. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.it.2013.09.001
https://www.ncbi.nlm.nih.gov/pubmed/24269668
https://doi.org/10.1902/jop.2003.74.1.97
https://www.ncbi.nlm.nih.gov/pubmed/12593603
https://doi.org/10.1007/s10266-020-00577-x
https://www.ncbi.nlm.nih.gov/pubmed/33428015
https://doi.org/10.3390/medicina56060272
https://www.ncbi.nlm.nih.gov/pubmed/32486269
https://doi.org/10.1007/s00125-011-2342-y
https://www.ncbi.nlm.nih.gov/pubmed/22057194

	Introduction 
	Materials and Methods 
	Study Participants 
	Number of Teeth 
	Community Periodontal Index (CPI) 
	Urine Ph 
	Covariates 
	Statistical Analysis 

	Results 
	Urine pH by General Characteristics 
	CPI by General Characteristics 
	Number of Remaining Teeth by General Characteristics 
	Association between UpH and CPI 
	Association between Urine pH and the Number of Teeth 

	Discussion 
	Conclusions 
	References

