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Abstract: This study aimed to verify the relationship between handgrip strength and oral health
using data from the Korea National Health and Nutrition Examination Survey, representing Korean
adults. Data from the seventh survey (2016-2018) conducted by the Korea Centers for Disease Control
and Prevention were utilized, and 10,607 final study participants were recruited according to the
selection and exclusion criteria. A complex sample logistic regression analysis was performed to
confirm the relationship between handgrip strength and dental caries according to the sex of the
study participants. On analyzing the correlation in men, “C1 (DMFT: 11-32),” when compared to “C4
(DMFT: 0-3),” in Model 1 without adjustment for potential confounders, was 2.92 (95% confidence
interval [CI]: 2.15-3.97) times more likely to be associated with lower handgrip strength, and a
statistically significant result was detected (p < 0.001). Additionally, significant odds ratios (ORs) were
confirmed for all adjusted models. In women, the ORs in Model 1 without adjustment for potential
confounders were 1.41 times (95% CI: 1.14-1.75) and demonstrated a significant result; however,
the results were not significant in all adjusted models 2—4. Resultantly, a significant association was
detected between dental caries and handgrip strength in Korean adults.
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1. Introduction

Modern individuals’ interest in health is persistently increasing owing to the improve-
ment in education level and economic leeway, and several studies related to health have
been reported [1-3]. Systemic diseases, including chronic diseases, frequently occur in
individuals [4] and are becoming increasingly important for general health.

Particularly, general health and various areas of life are associated with handgrip
strength. Handgrip strength is an index that predicts muscle strength and is an important
biomarker of disease and health [2]. The motor functions of the hand are classified into
manipulation, support, and prehension [5]. Particularly, handgrip force, which indicates the
power to hand-grip an object, consists of the coordination of the four fingers and thumb [6].
Handgrip strength reportedly decreases with age, causing discomfort in daily life [1].

According to previous studies, low handgrip strength is related to various chronic
diseases, including cardiovascular disease and diabetes mellitus. In another study, the
mortality rate was 79% higher in the group with low handgrip strength than that in the
group with high handgrip strength, and when the handgrip strength increased by 1 kg,
the mortality rate was reduced by 4% [7]. Additionally, handgrip strength is reportedly
not only associated with the prevalence of hypertension and circulatory disease [3], but
also with health-related quality of life [8]. Thus, it was possible to confirm the relationship
between handgrip strength and general health in previous studies [2,9,10].

Because oral health is closely associated with systemic diseases and substantially influ-
ences physical health [11-13], it is critical to maintain oral health. In particular, treatment
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and prevention of dental caries, a representative oral disease, is essential [11,12]. Thorough
management of dental plaque is critical to maintain oral health [14]. Moreover, physical and
chemical dental biofilm management can prevent the adhesion and accumulation of dental
plaque [15]. Tooth brushing is recommended as the most effective and convenient method
for managing biofilms on teeth [14-16]. According to the brushing force and frequency,
a significant difference in the occurrence of caries has been noted. Moreover, there is a
difference in the occurrence of periodontal diseases and gingivitis depending on the brush-
ing method, time, force, and frequency [17]. As brushing requires coordination between
hand and arm movements, handgrip strength can be an important physical factor in oral
hygiene management [18]. According to research, handgrip strength not only directly or
indirectly affects the brushing effect but is also related to the accumulation and degree of
dental plaque [14]. Decreased hand agility and handgrip strength are factors that increase
the maturation of dental plaque and are reportedly related to oral hygiene [19,20].

Although studies on the relationship between handgrip strength and periodontal
disease have been reported [21], those evaluating the relationship between dental caries
and handgrip strength are scarce. Therefore, this study aimed to use data from the National
Health and Nutrition Examination Survey to verify the relationship between dental caries
and handgrip strength in Korean adults.

2. Materials and Methods
2.1. Study Subjects and Data Collection

The dataset used in this study, KNHANES (2016-2018), is an annual survey conducted
by the Centers for Disease Control and Prevention and the Ministry of Health and Welfare
to monitor the general health and nutritional status of the people. The Institutional Review
Board (IRB) of the Centers for Disease Control and Prevention has approved this national
investigation (IRB number: 2018-01-03-P-A). Trained interviewers and examiners collected
data from study participants through health interviews, health screenings, and nutritional
surveys. All research procedures were conducted in accordance with the Declaration of
Helsinki. In this study, data from 10,607 persons, excluding missing values among 16,489
respondents, were used.

2.2. Handgrip Strength

A digital handgrip strength dynamometer (T.K.K 5401, Japan) was used to measure
the maximum force. Measurements were performed after the legs were spread to the width
of the pelvis, the front region was observed, and the hips were raised straight such that
they prevented the arms from reaching the body. While maintaining the patient’s basic
posture, the dynamometer was squeezed with the thumb and four fingers, and the patient
was instructed to pull the handgrip forcefully for 3 s. Handgrip strength was measured
thrice alternately with both hands, and the average of the three values of the right handgrip
strength was used. Based on the “Asian working group for sarcopenia,” the measured
values were reclassified into above-average (men: 26 kg or more, women: 18 kg or more)
and below-average groups (men: less than 26 kg, women: less than 18 kg) [22].

2.3. Dental Caries

A trained dentist examined dental caries using a mouth mirror under fluorescent
lighting. This assessment was performed using the method proposed by the World Health
Organization [20], and the DMFT scores were classified into four groups: C1 (11-32),
C2 (7-1), C3 (4-6), and C4 (0-3).

2.4. Assessment of Confounders

Sex and age, constitution index (body mass index (BMI)), smoking, education level,
drinking, marital status, physical activity, hypertension, diabetes, economic level, brushing
frequency, interdental toothbrush use, and electric toothbrush use were assessed using the
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National Health and Nutrition Examination Health Questionnaire Survey. The presence or
absence of dental visits and oral examinations for 1 year were also noted.

Based on age, the participants were divided into five groups: “20-29”, “30-39”,
“40-49”, “50-59”, and “>60 years.” Obesity was categorized as “yes” if BMI was 25 kg/ m?
or higher and “no” when BMI was lower than 25 kg/m?. Education levels were categorized
as “less than elementary school graduates,” “middle school graduates,” “high school grad-
uates,” and “more than college graduates.” Smoking was classified into “non-smokers”,
“small smokers (less than 10 cigarettes a day),” and “heavy smokers (>10 cigarettes a day)”
with reference to previous studies [23]. Participants were divided into “drinkers (=1 cup)”
and “non-drinkers (0 cups)” based on whether they consumed alcohol. The participants’
marital status was classified as “married” or “unmarried,” and physical activity as “inac-
tive” or “active.” The presence or absence of hypertension and diabetes was categorized
as “yes” or “no” depending on whether or not it was diagnosed by a physician. Quartile
household income was divided into the “lower,” “ middle-lower,” “middle-upper,” and
“upper” groups. Brushing frequency was divided into “one time or more,” “two times,’
and “three times or more,” and the possibility of a 1-year dental visit was divided into
“done” and “did not”. Whether oral examination was possible was divided into “done”
and “not done.” The participants” use of an electric toothbrush was divided into “used”
and “not used,” and the presence or absence of interdental toothbrush use was also divided
into “used” and “not used.”

i

7

2.5. Data Analysis

IBM SPSS ver. 25.0 (IBM Co., Armonk, NY, USA) was used for the analyses. In
this study, a composite sample cross-analysis was performed to understand the general
characteristics of the study participants and the distribution of handgrip strength due to
dental caries. Moreover, composite sample logistic regression was performed to confirm
the relationship between handgrip strength and dental caries.

3. Results
3.1. General Characteristics

The general characteristics of the study participants were the same as those in Table 1.
Of the 10,607 participants, 4691 were men and 5916 were women, with an average age of
49.9 years. In terms of age, 60 years and older were the most common (p < 0.001). The
income quartile tended to be lower in the order of middle-upper, upper, middle-lower, and
lower; however, no statistically significant difference was detected. The education level was
highest for university graduates and gradually decreased in the order of high, junior high, and
elementary school education (p < 0.001). Regarding marital status, there were more married
than unmarried (p < 0.001). There were more non-smokers than smokers and more drinkers
than non-drinkers (p < 0.001). Regarding the physical activity state, there were more inactive
people than active people (p < 0.001). The prevalence was lower in patients with and without a
diagnosis of hypertension or diabetes (p < 0.001). There were also significantly more people of
normal weight than those who were obese (p < 0.001). There was also a significant difference
in the survey on oral examination and interdental toothbrush use.

Table 1. General characteristics according to sex.

Male Female e *
Variabl Total (N -Value
ariables otal (N) N (%) N (%) p
Age
20-29 1316 643 (15.0) 673 (11.4)
30-39 1661 736 (15.6) 925 (15.3)
40-49 2017 854 (16.7) 1163 (19.0) <0.001
50-59 2059 853 (18.4) 1206 (22.5)

60 over 3554 1605 (34.3) 1949 (31.9)
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Table 1. Cont.

Male Female .
Variables Total (N) N %) N ) p-Value
Income (4th quartile)
Lowest quartile 1812 766 (16.1) 1046 (17.3)
Lower middle quartile 2661 1148 (24.1) 1513 (25.1) 0142
Upper middle quartile 3082 1379 (29.6) 1703 (28.6) )
Highest quartile 3052 1398 (30.2) 1654 (29.0)
Educational level
Primary school 1548 489 (9.9) 1059 (17.0)
Middle school 1193 515 (11.0) 678 (11.5) 0.001
High school 3120 1376 (28.9) 1744 (30.7) <0-
College 4746 2311 (50.2) 2435 (40.8)
Married status
Yes 8685 3618 (75.6) 5067 (85.7) 0.001
No 1922 1073 (24.4) 849 (14.3) <0
Smoking status
None 8642 3028 (65.1) 5614 (94.6)
Small smoker 480 314 (6.8) 166 (3.1) <0.001
Heavy smoker 1485 1349 (28.1) 136 (2.3)
Drinking status
Yes 7878 3922 (83.6) 3956 (67.8) 0.001
No 2729 769 (16.4) 1960 (32.2) <0
Physical activity
Inactive 9533 4009 (84.9) 5524 (93.0) 0.001
Active 1074 682 (15.1) 392 (7.0) <0
Hypertension
Yes 2340 1153 (24.8) 1187 (19.0) 0.001
No 8267 3538 (75.2) 4729 (81.0) <0
Diabetes
Yes 951 496 (10.4) 455 (7.3) 0.001
No 9656 4195 (89.6) 5461 (92.7) <0
Obesity
Yes 3644 1892 (39.7) 1752 (29.0) 0.001
No 6963 2799 (60.3) 4164 (71.0) <0
Daily tooth brushing
12 2948 1548 (32.9) 1400 (23.8)
2 3903 1678 (35.3) 2225 (37.7) <0.001
3< 3756 1465 (31.8) 2291 (38.5)
Dental clinic visit
Yes 6169 2703 (57.2) 3466 (58.7) 0142
No 4438 1988 (42.8) 2450 (41.3) ’
Oral examination
Yes 3837 1621 (34.4) 2216 (37.8) 0.002
No 6770 3070 (65.6) 3700 (62.2) )
Use of electric toothbrush
Yes 497 236 (4.8) 261 (4.8) 0.888
No 10,110 4455 (95.2) 5655 (95.2) )
Use of interdental brush
Yes 2007 757 (16.2) 1250 (20.9) 0.001
No 8600 3934 (83.8) 4666 (79.1) <0-

* Obtained from chi-square test. Bold type denotes statistical significance at p-value < 0.05.
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3.2. Dental Caries and Handgrip Strength by Sex

The dependent variable was handgrip strength (high/low), and the independent
variable was dental caries (four groups of permanent teeth with caries experience). As
shown in Table 2, the proportion of low handgrip strength increased as the f DMFT scores
increased for both men and women, demonstrating a significant difference (p < 0.001).

Table 2. Handgrip strength and dental caries according to sex.

Male Female
Variables p-Value * p-Value *
N (%) N (%) N (%) N (%)
DMEFT Reduction @ Normal Reduction @ Normal
0-3 101 (23.3) 1339 (31.9) 255 (19.0) 943 (21.2)
4-6 73 (18.6) 940 (22.0) 251 (19.5) 961 (20.5)
7-10 71 (15.5) 1082 (26.1) <0.001 362 (26.5) 1396 (30.6) <0.001
11-32 176 (42.6) 909 (20.0) 481 (35.0) 1267 (27.7)

* Obtained from chi-square test. Bold type denotes statistical significance at p-value < 0.05. # Cut-off value of
handgrip strength (<26 kg in males and <18 kg in females).

3.3. Relationship between Dental Caries and Handgrip Strength by Sex

Table 3 shows the relationship between dental caries and handgrip strength according
to sex. It was 2.92 (2.15-3.97) times more likely that men had lower handgrip strength in
“C1” than that of “C4” in Model 1 with no adjustments, with the results being significant
(p < 0.001). In the age-adjusted Model 2, the possibility that the handgrip strength of “C1”
was lower than that of “C4” was 2.15 (1.56-2.96) times higher, and statistically significant
results were obtained. Model 3, adjusted for age, income quartile education level, and
marital status, was 1.79 (1.29-2.47) times more likely to have less handgrip strength in
“C1” than that of “C4,” confirming statistically significant results (p < 0.001). Model 4 was
adjusted for age, income quartile, education level, marital status, hypertension, diabetes,
smoking, drinking frequency, and physical activity, and the possibility that “C1” is associ-
ated with lower handgrip strength than that of “C4” was 1.62 (1.17-2.26) times higher, and
the result was statistically significant (p = 0.002). Model 5, adjusted for all variables, was
1.61 (1.15-2.26) times more likely to have less handgrip strength in “C1” than “C4.” This
showed statistically significant results (p = 0.003). In women, the OR in Model 1 without
adjusting for the variables showed a significant result at 1.41 (1.14-1.75) times; however,
this difference was not significant in corrected Models 2—4.

Table 3. Association between dental caries and handgrip strength according to sex.

Male Female
Model
OR 95% CI p-Value * OR 95% CI p-Value *
Modell @ 2.92 2.15~3.97 <0.001 1.41 1.14 ~1.75 <0.001
Model2 2.15 1.56 ~2.96 <0.001 1.22 0.98 ~1.52 0.129
Model3 € 1.79 1.29 ~ 247 <0.001 1.18 0.94 ~ 147 0.387
Model4 4 1.62 1.17 ~2.26 0.002 1.16 0.93 ~1.46 0.452
Model5 © 1.61 1.15~2.26 0.003 1.16 0.93 ~1.45 0.481

Dependent variable: handgrip strength (reference: normal).
Data are presented as 95% confidence intervals.

* Obtained from Logistic regression. OR: odds ratio, * Modell: consisted of a crude association, ® Model2: adjusted
for age, ¢ Model3: adjusted for age, income, educational level, married status, d Model4: adjusted for age, income,
educational level, married status, hypertension, diabetes, smoking, alcohol frequency, obesity, physical activity, €
Model5: adjusted for age, income, educational level, married status, hypertension, diabetes, smoking, alcohol
frequency, obesity, physical activity, dental clinic visit, oral examination, daily tooth brushing, use of electric
toothbrush, use of interdental brush. Bold values denotes statistical significance at p < 0.05.
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4. Discussion

This study aimed to demonstrate the relationship between dental caries and handgrip
strength. As hypothesized in this study that handgrip strength is associated with the
caries of permanent teeth, men demonstrated significance for all models, and women
did not exhibit significant results for any models, except Model 1.There are previous
studies showing differences by gender in oral health-related indicators: the number of daily
brushings and degree of interest in caries prevention is reportedly higher in women than in
men, and oral supplement use was also higher in women than in men [24]. According to
a previous study that analyzed handgrip strength according to gender, it was confirmed
that the older group had stronger grip strength. This is because women in their 20s who
participated in the study were mainly white-collar workers who did not engage in physical
labor or muscular activity, those aged in their 30s and 40s were primarily housewives and
those in their 50s were mainly field workers. However, in the case of men, all age groups
were engaged in production jobs, and the results of the study showed that muscle strength
decreased with increasing age. For this reason, differences in grip strength according to age
and gender were confirmed. [25]. According to previous studies on oral health management
by sex, women were more active than men in oral health management and prevention,
such as the number of times of tooth brushing and interest in caries prevention according
to sex. Women who care about their appearance are more active in oral health care and
prevention than men as they value esthetics. This reveals differences in maintaining and
promoting oral health according to sex [24,26].

There were few studies on this subject, and previous studies examined the relationship
between handgrip strength and other oral health indicators. When the difference between
oral health and handgrip strength is divided by sex, remaining teeth and handgrip strength
are related in men; however, periodontal disease and handgrip strength are unrelated, and
in women, no correlation was observed between the oral index and handgrip strength. This
is because the reason for extraction differed depending on sex. Many women were offered
dentures for esthetic reasons at an early age when their teeth were extracted. For men,
the number of remaining teeth was likely an alternative measure of the degree of lifetime
exposure to inflammation that had a detrimental effect on muscle mass and strength over
time [27]. This result is similar to the sex-dependent difference in significance probability
observed in this study. We also confirmed the results of previous studies showing that
brushing force is not related to the removal of bacterial membranes on the tooth surface [28].

Previous studies examining the association between handgrip strength and oral indi-
cators have shown that low handgrip strength promotes premature hand fatigue, which
leads to reduced brushing time and severe periodontal disease. Poor oral hygiene increases
the likelihood of periodontal diseases. This proves that low handgrip strength is a risk
factor contributing to the development of periodontal disease [14]. According to Vinish
Aravindakshan, poor oral health and periodontal disease are associated with low handgrip
strength. Additionally, the significant relationship between periodontitis and handgrip
strength persisted after adjusting for age and sex, but not for the remaining variables [21].
We speculate that these results differed because the activity of dental caries decreases as age
increases, but periodontal disease further increases. Additionally, a previous study showed
that elderly people with reduced hand agility and handgrip strength have a reduced oral
health behavior utilization rate (brushing) and are vulnerable to poor oral health [29].
Previous research on the relationship between grip strength and oral health supports our
hypothesis and results. Plaque removal is essential to prevent tooth decay and periodontal
disease, the major causes of tooth loss [30]. Plaque removal is performed by hand and arm
movements, and it is difficult to physically remove plaque because the decrease in grip
strength affects not only brushing teeth but also the patient’s ability to perform oral care
such as interdental brushing [31]. Therefore, low handgrip strength can also affect dental
caries. According to previous studies, decreased handgrip strength was associated with
disability, sarcopenia, and limited dexterity [31,32], and another study reported a relation-
ship between limited or inadequate dexterity and poor oral care [33]. However, handgrip
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References

strength cannot fully explain the prevalence of dental caries. This is because various oral
health behaviors such as the use of oral hygiene products and medical care can become
potential risk factors for dental caries. In Model 5 of Table 3, we analyzed whether potential
confounding factors such as frequency and method of brushing, use of oral hygiene prod-
ucts such as interdental and electric toothbrushes, dental clinic visits, and oral examinations
had additional effects on the relationship between handgrip strength and dental caries.
Compared with Model 4, excluding these confounding factors, their effects could hardly be
confirmed. Therefore, a more well-designed further study to comprehensively analyze the
prevalence of dental caries according to these potential confounding factors will be needed.
The disadvantages of this study are as follows: First, this is a cross-sectional study that can
confirm the relationship between handgrip strength and dental caries but cannot explain
a clear causal relationship between them. In addition, when analyzing the relationship
between handgrip strength and dental caries, a detailed analysis of potential risk factors
such as the frequency and method of oral hygiene product use and dental clinic visits
was not performed. Further study on this will be needed. Despite these limitations, the
advantages of this study are as follows: First, unlike previous studies that used residual
teeth, dental prostheses, and periodontal disease as oral health indicators to examine the
relationship between handgrip strength and oral health, this study used a tooth decay
index to examine the relationship between oral health and handgrip strength. This is also
the first study to confirm the relationship between handgrip strength and dental caries
using data from a large population of Korean adults based on the National Health and
Nutrition Examination Big Data.

5. Conclusions

A significant association was detected between dental caries and handgrip strength
in Korean adults, and a follow-up study will be needed to clarify the causal relationship
between them.
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