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Abstract
Background: Proper moisture is an essential condition for maintaining the homeostasis of the body,
enhancing immunity, and preventing constipation, and it is an indispensable substance for maintaining
human life and health. The bacteria that cause oral disease are affected by water intake. Therefore, this
study aims to compare the relationship between dental caries and periodontal disease according to the
amount of water drank per day.

Methods: Among the data of the National Health and Nutrition Survey conducted annually by the Korea
Centers for Disease Control and Prevention, the data for 7 years (2010-2017) were analyzed. Out of a
total of 64,758 people, 134 people in the ‘< 1 cup’ group, 27,223 people in the ‘1-4 cups’ group, and 25,877
people in the ‘5 cups ≤’ group were selected as subjects.

Results: As a result, the prevalence of periodontal disease increased by 1.018 times, the prevalence of
dental caries increased by 1.032 times, and the experience of dental caries increased by 1.075 times each
time a person drank one less cup of water per day. Even in model 2, for which age and gender were
adjusted, there was a signi�cant effect. In addition, there was signi�cant impact in Model 3, which
adjusted oral health behavior, except for permanent caries prevalence. Based on the above results, oral
health behaviors and state were positive in those who consumed a lot of water per day.

Conclusions: Therefore, it is considered that the government’s active promotion of water intake
recommendations and policies should be prepared so that water intake can become a habit to improve
oral health. 

Background
Water accounts for 60% of an adult's weight. About 70% of the water is distributed within the cells, while
the rest is distributed outside the cells in the form of epilepsy, plasma, lymphatic �uid, and other body
�uids [1]. This water transports nutrients and waste products as major components of blood, and acts as
a solvent for various biochemical reactions in the body [2]. In addition, it controls body temperature in the
form of sweat, digests food as a component of various digestive �uids, and acts as a lubricant to
smoothly move joints and internal organs in the form of synovial �uid and mucus [3,4]. Water also plays
a role in protecting the internal organs and fetus in the cerebrospinal �uid and amniotic �uid of pregnant
women. Therefore, proper moisture is an essential condition for maintaining the homeostasis of the body,
enhancing immunity, and preventing constipation, and it is an indispensable substance for maintaining
human life and health [5]. However, if the balance of water is broken or the body lacks too much water,
the human body exhibits a dehydration reaction. If 2% of the total amount of water in the body decreases,
we feel thirst, and if it decreases by 2-4%, muscle fatigue is easily induced, and motor and cognitive
functions are reduced. If more than 10% is lost, fatal organ damage and clinical shock can result and put
life at risk, whereas a loss of more than 15-20% can worsen dehydration, thereby leading to death [6,7].
Without water, humans can only survive for 2-4 days [5,8,9]; therefore, maintaining adequate moisture is



Page 3/15

very important. Since 5-10% of water must be exchanged every day, the amount of water required per day
depends on body weight, temperature, activity, and body calorie consumption [10-13]. As such, the total
amount of water intake that must be supplied to our body from the outside is 1-3 L, thereby indicating a
wide range [14,15]. Although it is recommended to consume 30 mL per kg of body weight [16] or 1 mL of
water per kilocalorie [13], the amount of water that adults consume through water or beverages per day is
reported as an average of 2 L [17]. Moreover, as the age increases, the intake of water decreases, thus
leading to exposure to many diseases [18]. Lack of water can cause not only systemic problems, but also
various health-related symptoms in the oral cavity, such as dry mouth, burning in the mouth due to thirst,
or low saliva secretion, unlike ordinary people. If these symptoms persist, it can become an environment
that causes oral disease [19].

Dental diseases are largely classi�ed into dental caries and periodontal diseases, both of which are
caused by microbial infection. Among more than 500 kinds of bacteria present in the oral cavity, the
microbe that is most closely related to dental caries is Streptococcus mutans (S. mutans), a decisive
causative agent that induces tooth decay by damaging the hard structure of the teeth [20-22]. Also,
Prevotella intermedia (P. intermedia), one of the major pathogens of periodontal disease, is known to be a
powerful causative agent of adult periodontitis, pregnancy gingivitis, and ulcerative gingivitis, and it has
been reported to be found in oral lesions [23,24]. These bacteria are affected by the amount of water
intake. In particular, P. intermedia among oral microbes decreased as the amount of water intake
increased [25]. In the study of Hong [26], it was reported that less P. intermedia causing periodontal
disease was detected in the group drinking 3 to 4 glasses of water per day, and in the study of Jung et al
[25], it was reported that dental caries-causing S. mutans was detected in the group with the least water
in-take. However, these differences were not signi�cant results and need to be re-con�rmed. Therefore, it
is necessary to check the relationship between dental caries and periodontal disease according to the
amount of water drank per day. Until now, most studies have been conducted on the relationship between
water intake and systemic diseases [3-9], and on water intake relationships in elderly [18, 25].
Furthermore, there are almost no studies on the relationship between oral health behavior and oral health
state in all age groups. Therefore, this study aims to compare demographic characteristics, oral health
behaviors, and oral health state according to the amount of water intake by using the 7-year data of the
National Health and Nutrition Survey, which represents the Korean people, and to identify the substantial
impact of water intake on periodontal diseases and dental caries in order to use the results as
fundamental data to con�rm the importance of water intake.

Methods

1. Study Subjects
Among the data of the National Health and Nutrition Survey conducted annually by the Korea Centers for
Disease Control and Prevention, the data for 7 years (2010-2017) were analyzed. Of the total 64,758
people, 53,234 were selected, excluding those who taking medicine, people with systemic diseases and
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smokers.  Depending on the intake of water, 134 people in the ‘< 1 cup’ group, 27,223 people in the ‘1-4
cups’ group, and 25,877 people in the ‘5 cups ≤’ group were classi�ed. There are no other ingredients
added to the water, and the standard for 1 cup is 200ml. The National Health and Nutrition Survey is a
government-designated statistics based on Article 17 of the Statistics Act (approval no. 117002). In the
5th round, the 1st year survey is 2010-02CON-21-C, 2nd year survey, 2013-12EXP-03-5C, and 3rd year
survey, 2012-01EXP-01-2C. In the 6th round, the 1st year survey is 2013-07CON-03-4C and the 2nd year
survey is 2013-12EXP-03-5C. From the 3rd year, it was conducted without deliberation by the Research
Ethics Review Committee, as it corresponds to the research conducted by the State for public welfare
directly pursuant to Subparagraph 1 of Article 2 (2). 

2. Data Collection

2.1. Demographic characteristics
The survey year, gender, age, marriage, education, economy, and income were checked through the health
survey of the National Health and Nutrition Survey. Economy was classi�ed into currently employed and
unemployed, and income was classi�ed into ‘low’, ‘middle-low’, ‘middle’, ’middle-high’, and ‘high’.

2.2. Oral health behavior
For oral health behavior, toothbrushing timing consisted of 9 items, and the use of oral health products
consisted of 5 items, with 1 for yes and 0 for no. The dental treatment consisted of 9 items, with 1 for the
case of getting treatment and 0 for the case of not getting treatment.

2.3. Oral health status
For oral health status, chewing inconvenience and experience in toothache were checked, with 1 for yes
and 0 for no. Speech problem and chewing problem were measured on a 5-point scale, and the higher the
score, the less serious the problem. Self oral health consciousness was measured on a 5-point scale, and
the lower the score, the better. Dental caries and periodontal disease ware directly examined by a public
health dentist in the province at the mobile examination center. The periodontal disease was recorded as
having periodontal disease if the periodontal pocket is more than 3mm deep using probe. Permanent
tooth caries and experience of permanent tooth caries were recorded by checking tooth caries using
explorer. The presence of the disease was marked as 1, and the absence of the disease was marked as 0. 

3. Statistical Analyses
Data analysis was conducted by using IBM SPSS ver. 21.0 (IBM Co., Armonk, NY, USA), and complex
sampling analysis with strati�cation variables, colony variables, and weights assigned was applied to all
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analyses. The comparison of demographic characteristics and oral health behaviors according to 134
people in the ‘< 1 cup’ group, 27,223 people in the ‘1-4 cups’ group, and 25,877 people in the ‘5 cups ≤’
group was conducted by using a complex sample chi-squared test. Logistic regression analysis and
linear regression analysis were performed in order to determine the effect of daily water intake on oral
health state, and ‘Don’t Know’, ‘Not Applicable’, and ‘Missing Values’ in 8, 9, 88, and 99 were all excluded.
The number of subjects in all tables was presented with an unweighted frequency, and the signi�cance
level of the statistical test was set to 0.05.

Results
The ratio of the ‘< 1 cup’ group was highest in 2012, and the ratio of the ‘1–4 cups’ group was highest in
2014. The ratio of the ‘5 cups ≤’ group was highest in 2017. In the ‘< 1 cup’ group the ratio of '21–40
years old' was higher, and in the ‘1–4 cups’ group and ‘5 cups ≤’ group the ratio of '41–60 years old' was
higher. In the ‘< 1 cup’ group and the ‘1–4 cups’ group, the ratio of women was higher than that of men,
and in the ‘5 cups ≤’ group, the ratio of men was higher than that of women. As for marriage, the ratio of
married people was higher in all groups. In the ‘< 1 cup’ group, middle-low income was highest. In the ‘1–4
cups’ group and the ‘5 cps ≤’ group, low income was highest. As for education, in the ‘< 1 cup’ group,
university graduate was highest, and in the ‘1–4 cups’ group, elementary school graduate was highest. In
the ‘5 cups ≤’ group, high school graduate was highest. In terms of economic activities, employed was
higher than currently unemployed regardless of the group. There were signi�cant differences in all items
of demographic characteristics (Table 1) (p < 0.05).
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Table 1
Demographic characteristics according to daily water intake N (%)

    < 1 cup (N = 
134)

1–4 cups (N = 
27,223)

5 cups ≦ (N = 
25,877)

p

Year 2010 24 (16.5) 3,690 (11.7) 3,644 (12.5) 0.000

  2011 23 (12.9) 3,577 (12.1) 3,478 (12.5)  

  2012 25 (17.8) 3,561 (12.8) 3,020 (12.0)  

  2013 19 (14.6) 3,488 (13.0) 3,095 (11.9)  

  2014 18 (15.2) 3,347 (13.2) 2,897 (11.9)  

  2015 10 (9.7) 3,063 (12.5) 3,029 (12.7)  

  2016 6 (6.0) 3,300 (12.7) 3,267 (12.9)  

  2017 9 (7.3) 3,197 (12.1) 3,447 (13.7)  

Age ≦ 20 21 (15.7) 7879 (26.1) 4620 (16.0) 0.000

  21–40 34 (38.2) 5048 (26.2) 6370 (17.7)  

  41–60 35 (27.0) 6758 (28.8) 8374 (35.0)  

  61 ≦ 44 (19.1) 7538 (18.8) 6513 (15.1)  

Gender Male 57 (46.0) 10,189 (42.0) 13,060 (58.2) 0.000

  Female 77 (54.0) 17,034 (58.0) 12,817 (41.8)  

Married Single 42 (42.7) 9,910 (39.3) 7,461 (34.0) 0.000

  Married 92 (57.3) 17,271 (60.7) 18,389 (66.0)  

Income Low 23 (20.4) 5,424 (21.2) 4,932 (20.3) 0.024

  Middle-low 34 (25.7) 5,567 (20.7) 5,082 (20.1)  

  Middle 25 (17.5) 5,358 (19.7) 5,263 (20.1)  

  Middle-high 27 (18.5) 5,484 (19.8) 5,133 (19.6)  

  High 22 (17.9) 5,170 (18.7) 5,290 (19.9)  

Education Elementary
school

37 (19.9) 12,089 (35.8) 7,620 (21.5) 0.000

  Middle school 17 (15.0) 2,666 (11.1) 3,023 (12.0)  

  High school 25 (25.6) 5,554 (26.5) 7,320 (34.6)  

  University 43 (39.5) 5,612 (26.6) 6,767 (31.9)  

Economic Employed 65 (61.2) 10,041 (55.2) 12,653 (63.5) 0.000
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    < 1 cup (N = 
134)

1–4 cups (N = 
27,223)

5 cups ≦ (N = 
25,877)

pactivity

Unemployed 47 (38.8) 9,475 (44.8) 8,851 (36.5)  

*By complex sample chi-square test, p < 0.05

In terms of toothbrushing, brushing before dinner and before going to bed was highest in the ‘< 1 cup’
group, and all items except for this were highest in the ‘5 cups ≤’ group. There were signi�cant
differences in all items except for brushing before lunch and brushing before going to bed. As for the use
of oral health products, the use of electric toothbrushes was highest in the ‘< 1 cup’ group, and all items
except for this were highest in the ‘5 cups ≤’ group, and there were signi�cant differences in all items. In
dental treatment, simple caries treatment, surgical treatment, trauma treatment, and prosthetic treatment
were highest in the ‘< 1 cup’ group, and all items except for this were highest in the ‘5 cups ≤’ group.
There were signi�cant differences in all items except oral examination, simple caries treatment, trauma
treatment, and prosthetic treatment (Table 2) (p < 0.05).
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Table 2
Oral health behavior according to daily water intake N (%)

  < 1 cup 1–4 cups 5 cups ≦ p

Toothbrushing I brushed my teeth yesterday. (N = 
50,489)

119
(98.2)

25,635
(98.0)

24,735
(98.9)

0.000

I brushed my teeth before breakfast.
(N = 14,206)

35
(31.2)

6,698
(29.2)

7,473
(32.8)

0.000

I brushed my teeth after breakfast. (N 
= 17,358)

74
(61.2)

17,637
(65.9)

17,358
(66.9)

0.037

I brushed my teeth before lunch. (N = 
650)

2 (1.3) 286 (1.2) 362 (1.4) 0.103

I brushed my teeth after lunch. (N = 
22,915)

54
(46.3)

11,373
(45.1)

11,488
(47.5)

0.000

I brushed my teeth before dinner. (N = 
1,143)

4 (3.6) 490 (2.1) 649 (2.8) 0.000

I brushed my teeth after dinner. (N = 
30,042)

59
(49.5)

14,533
(56.0)

15,450
(61.5)

0.000

I brushed my teeth after a snack. (N = 
1,394)

1 (0.8) 624 (2.5) 769 (3.0) 0.000

I brushed my teeth before going to
bed. (N = 20,841)

52
(45.0)

10,696
(44.2)

10,093
(43.6)

0.493

Oral health
products

Use of oral health products (N = 
2,953)

7
(18.7)

1,292
(22.8)

1,654
(25.0)

0.041

Use of �oss (N = 7,855) 16
(24.0)

3,536
(21.6)

4,303
(24.2)

0.000

Use of interdental brush (N = 7,026) 8 (6.9) 3,095
(18.1)

3,923
(21.5)

0.000

Use of mouthwash (N = 6,931) 11
(12.6)

3,008
(17.9)

3,912
(21.2)

0.000

Use of electric toothbrush (N = 1,938) 9
(10.8)

862 (5.2) 1,067
(5.9)

0.004

Dental

treatment

(within the last
year)

I went to the dentist. (N = 21,320) 44
(39.8)

10,685
(40.9)

10,591
(42.1)

0.041

I had an oral examination. (N = 
15,681)

27
(65.2)

7,852
(73.3)

7,802
(73.9)

0.343

I had periodontal treatment. (N = 
3,831)

5 (8.5) 1,693
(15.7)

2,133
(19.3)

0.000

I had simple caries treatment. (N = 
6,495)

13
(36.7)

3,345
(31.6)

3,137
(30.4)

0.248
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  < 1 cup 1–4 cups 5 cups ≦ p

I had pulp treatment. (N = 3,724) 5
(15.2)

1,763
(16.8)

1,956
(19.1)

0.005

I had oral health care. (N = 8,057) 12
(33.2)

3,760
(37.5)

4,285
(42.9)

0.000

I had surgical treatment. (N = 2,607) 5
(16.9)

1,201
(11.7)

1,401
(13.6)

0.001

I had trauma treatment. (N = 458) 1 (2.7) 226 (2.3) 231 (2.4) 0.935

I had prosthetic treatment. (N = 4,427) 12
(20.2)

2,158
(18.3)

2,257
(19.3)

0.265

*By complex sample chi-square test, p < 0.05

Chewing inconvenience was highest in the ‘1–4 cups’ group, and the experience in toothache was highest
in the ‘< 1 cup’ group. It was con�rmed that speech and chewing problems were less in the ‘5 cups ≤’
group, and self oral health consciousness was worst in the ‘< 1 cup’ group. There were signi�cant
differences in all items. In addition, the prevalence of periodontal disease increased by 1.018 times, the
prevalence of dental caries increased by 1.032 times, and the experience of dental caries increased by
1.075 times each time a person drank one less cup of water per day. Even in model 2, for which age and
gender were adjusted, there was a signi�cant effect. In addition, there was signi�cant impact in Model 3,
which adjusted oral health behavior, except for permanent caries prevalence (Table 3) (p < 0.05).
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Table 3
Oral health status according to daily water intake N(%)

  < 1 cup 1–4
cups

5 cups ≦ p

Oral
health

status

Chewing inconvenience (N 
= 10,180)

22 (21.2) 5,148
(22.8)

5,010 (20.5) 0.000

Experience in toothache (N 
= 11,254)

37 (35.1) 5,551
(30.4)

5,666 (32.9) 0.000

†Speech problem 4.26 ± 0.01 4.33 ± 
0.01

4.41 ± 0.01 0.000

†Chewing problem 3.74 ± 0.13 3.70 ± 
0.01

3.80 ± 0.01 0.000

†Self oral health
consciousness

3.34 ± 0.10 3.28 ± 
0.01

3.31 ± 0.01 0.022

Oral
disease

Prevalence of periodontal
disease

Permanent caries
prevalence

Permanent caries
experience

  OR (95% CI) p OR (95% CI) p OR (95% CI) p

Model 1 1.018 (1.006 ~ 
1.029)

0.002 1.032 (1.023 ~ 
1.041)

0.000 1.075 (1.062 ~ 
1.089)

0.000

Model 2 1.018 (1.006 ~ 
1.029)

0.003 1.022 (1.013 ~ 
1.032)

0.000 1.060 (1.046 ~ 
1.073)

0.000

Model 3 1.097 (1.017 ~ 
1.184)

0.017 1.001 (0.970 ~ 
1.033)

0.947 0.952 (0.911 ~ 
0.996)

0.032

*By complex sample chi-square test, †by complex sample linear regression analysis, by complex
sample logistic regression analysis, Model 1: crude model, Model 2: adjusted for age and gender,
Model 3: adjusted for oral health behavior

Discussion
As interest in immunity increases following the COVID-19 pandemic, interest in the effect of water intake
on immune function and systemic diseases is growing [27]. Recently, it has been suggested that mild
dehydration can lead to changes in various cognitive functions, such as concentration, arousal, and
short-term memory [28]. On the other hand, Benton [29] argued that there are very few studies on the
effect of dehydration on cognitive function, and confounding factors such as fatigue and body
temperature related to dehydration are not well controlled, thereby making it di�cult to draw a de�nite
conclusion. While studies on water, systemic diseases, and mental disorders continue, studies con�rming
the relationship between water and oral disease are mostly those related to bacteria [25] and those
limited to the elderly [18, 25]. For this reason, it is necessary to expand these studies. Therefore, this study
expanded and investigated subjects by using the data from the National Health and Nutrition Survey
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representing Korea, and analyzed the relationship between water and oral disease through the data from
2010 to 2017.

Women’s water intake was lower than that of men, which is the same result as in the studies that were
conducted in the US and Canada [30–32], and it is considered to be a complex result by female hormones
[33]. However, the difference in water intake according to gender is thought to require further research. In
addition, it is necessary to consider the socioeconomic aspects to increase water intake, as the water
intake was small at high income, education, and unemployed state.

In regard to toothbrushing among the oral health behaviors, water intake was high in all groups except for
before dinner and before going to bed, and in all groups using oral health products except for the use of
electric toothbrushes, in which water intake was high.
This indicates that oral health behavior is good in the group that consumes a lot of water per day, which
is consistent with the study of Nam et al.
[19] that water intake behavior and oral care behavior are related.
However, there is no relationship between tongue brushing, number of brushing, brushing time, and use of
auxiliary oral hygiene products among the oral health behaviors.
As a result, further research is deemed necessary. In addition, it was found that the group with high water
intake received relatively simple treatments and preventive treatments, and the group with low water
intake received more serious treatments.
It is thought that people receive a lot of treatment to maintain and promote oral health due to a lot of
interest in health, including water intake.

In the oral health status, the group who consumed less water per day had high experience of toothache
and perceived that they had a bad oral health status.
In addition, the group with high water intake had no speech problems, chewing problems and chewing
inconvenience.
As such, it was con�rmed that oral health and water intake are highly related as oral health problems
were low in the group who consumes a lot of water per day.
In fact, the prevalence of periodontal disease increased by 1.018 times, the prevalence of dental caries
increased by 1.032 times, and the experience of dental caries increased by 1.075 times each time a
person drank one less cup of water per day.
Although this was analyzed by adjusting for the age, gender and oral health behavior affecting water
intake and oral disease, the result was found to be signi�cant, thereby con�rming the importance of water
intake for oral disease.

Since dental caries and periodontal disease are multifactorial diseases in which several factors act in
combination, water intake cannot be limited as the cause of increasing or decreasing the likelihood of
oral disease. However, it is thought that the recommended intake should be included in the dietary
guidelines for preventing oral diseases in consideration of the importance of water intake.



Page 12/15

Strengths and limitations
The limitation of this study is that there are very few previous studies on water intake and oral health
behaviors and state for all age groups, so it was somewhat di�cult to compare and interpret the results
of this study. There is also a limitation that it did not include systemic diseases and various lifestyles.

However, the relationship between water intake and oral health behavior and state in Korean people was
analyzed through the representative data from the National Health and Nutrition Survey in order to
motivate water intake.
Moreover, this study has its signi�cance in providing data that can be used for direction setting when
establishing policies or business plans for the recommendation of water intake at the national level.
Research on the relationship between water intake and oral health is needed continuously, and follow-up
studies to establish the standard of proper water intake in order to lower oral disease are considered to be
necessary.

Conclusions
Based on the above results, people who consumed more water were at lower risk of dental caries and
periodontal disease. Also, people who consumed more water were at lower risk of oral health status.
Therefore, it is considered that the government’s active promotion of water intake recommendations and
policies should be prepared so that water intake can become a habit to improve oral health.
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