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ABSTRACT
Objectives: Stress is the cause of several illnesses, in older people, stress may also cause various 
social problems. The oral health of older adults is closely related to the quality of life, and 
chewing ability is particularly important for their general health. The purpose of this study was 
to investigate the relationship between stress, the number of teeth remaining, and the chewing 
ability, which reflects the oral health status among older adults. Methods: This study evaluated 
the stress level and chewing ability of adults older than 65 years using the 6th (2014-2015) Korea 
National Health and Nutrition Examination data. The total number of remaining teeth was 
determined based on the data of the teeth conditions. Results: There was an association between 
stress and chewing ability among older adults. The odds ratio of chewing function increased by 
2.67 times (crude OR=2.67; 95% CI=1.88-3.79) with increased stress. After adjusting, the odds ratio 
increased to 2.74 times (adjusted OR=2.74; 95% CI=1.88-3.98). Conclusions: Reducing stress may 
facilitate effective oral health management and improve the overall quality of life in older adults. 
The findings of this study may help in the discovery of various approaches s to reducing stress in 
older adults and provide relevant information for oral health education.
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Introduction
Stress is a psychological reaction, like anxiety or threat that a person feels when faced 

with a physically or mentally difficult situation [1]. It can also cause symptoms such as 
headaches and fatigue, and negatively affect the physical, mental and social condition of an 
individual, as well as their quality of life [2]. Stress can occur at any time throughout human 
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life and has a slow rate of recovery, especially in the elderly [3]. The main causes of stress in the 
elderly include illness and financial loss [4]. Since elderly people lacks the ability to cope with stress, they 
are greatly impacted by it. In addition, it had been reported that the worse the health status, higher is 
the stress level [5]. Unexpected changes such as difficult economic conditions, loss of physical and 
mental function, and loss of their roles, are the common causes of stress in the elderly [6]. Physical 
aging and vulnerability to disease work as a stress for older people [7].

Functional disorders that affect oral functions including food intake, pronunciation, and aesthetics 
can adversely affect overall life [8]. In terms of oral health, stress is associated with dental caries, 
periodontal disease, and dry mouth [9,10]. The subjective oral health was reported to be poor in cases 
with high levels of stress [3]. Goyal et al. [11] reported that stress induced Cortisol release has a significant 
effect on periodontal disease and Akhter et al. [12] also reported that stress can be a potential risk factor 
for periodontal disease. Periodontal disease is a chief factor of tooth loss, which affects the chewing 
ability. In addition, an active masticatory ability can help reduce pain and stress [13]. Stress is also a 
potentially important factor in temporomandibular joint disorder (TMD) [14]. Hwang et al. [15] reported 
an association between stress and chewing discomfort, while Jung et al. [16] reported no relationship 
between the total number of tooth loss and perceived stress. Choi and Cho [3] also confirmed the 
relationship between stress and oral health.

However, few studies have previously examined an association between stress and chewing function 
in older adults [17,18]. Therefore, this study aimed to investigate whether stress in older adults affects 
number of residual teeth and chewing function using the Korea National Health and Nutrition 
Examination Survey (KNHANES) VI data that can represent the elderly people.

Methods

1. Study participants
This study was conducted using health questionnaires and the oral examination raw data downloaded 

raw data from the 2nd and 3rd year (2014-2015) of the 6th Korea National Health and Nutrition 
Examination Survey. Among the KNHANES VI data, data from the 2nd and 3rd year (2014-2015) with 
the same variable were investigated. Data were analyzed by creating a plan file with weights. The 
subjects were aged 65 or older. Of the 3,134 subjects, 2,002 were selected as the final subjects, excluding 
those who did not participate in the survey or oral examination. This study was approved by Institutional 
Review Board of the 00 University (KNU - 2019 - 0121).

2. Socio-demographic and stress level
The general variables included gender, age, economic activity, residence type, home income, and 

education level. The health-related variables included drinking, smoking, hypertension, and diabetes. 
Stress perception was assessed on a four-point Likert scale. 1 point is ‘very much’, 2 points is ‘many’, 3 
points is ‘a little’, and 4 points is ‘almost none’. The stress level then was divided into three categories (a 
lot of (1-2 points), a little (3 points), and almost no (4 points)). The item values in the questionnaire were 
applied as they are. Lower scores indicate higher stress perception.
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3. Oral examination-related variables
Oral examinations were directly investigated by the dentist. The masticatory level of the participant was 

surveyed using 5 points Likert scale. The number of residual teeth was used as a variable for determining 
the tooth condition. The teeth denoted as ‘Decayed missing tooth surface’ marked with ‘4’, ‘Non-decayed 
missing tooth surface’ marked with ‘5’, ‘un-erupted tooth surface’ marked with ‘8’ were changed to be 
marked as ‘0’ and were regarded as having no teeth. The other teeth denoted by 1, 2, 3, 6, and 7 were 
marked as ‘1’ [19]. The number of each tooth was then summed and the total number of teeth was divided 
into 2 groups (<20, ≥20) [20]. The chewing levels were assessed on a 5 point scale (very uncomfortable, 
uncomfortable, fair, comfortable, very comfortable) using questionnaires. The chewing levels were 
divided into two groups: ‘poor’ group of 1-2 points and ‘good’ group of 3-5 points. The item values in the 
questionnaire were applied as they are.

4. Statistical analysis
Data were analyzed using complex samples. Frequency analysis was conducted to determine the 

distribution of stress and the general characteristics according to the oral health status. Linear regression 
analysis was performed to determine the differences between the general characteristics and the oral 
health condition according to the degree of stress. In addition, logistic regression analysis was conducted to 
investigate the effectiveness of stress on the residual teeth and chewing level. This study was analyzed using 
the SPSS (SPSS 23.0 for windows, IBM, USA) program and the statistical significance level was set to 0.05.

Results

1. Characteristics of the participants according to stress
The stress level of the elderly was 3.00 ± 0.05 in the 65-69 years group, 3.06 ± 0.05 in the 70-74 years 

group, and 3.17 ± 0.04 in the 75 years and older group. The older group (≥75) had lower stress levels. The 
lower the education level, the higher were the stress levels. The degree of chewing was divided into the 
‘not good’ and ‘good’ groups, and the degree of stress was estimated to be higher in the ‘not good’ group 
than in the ‘good’ group with a statistically significant difference (p<0.05). When the degree of stress was 
divided into three groups, ‘a lot of’, ‘a little’, and ‘almost no’, there were statistically significant differences 
in the age, gender, education, smoking, drinking, and chewing (p<0.05) <Table 1>.

2. Characteristics of the participants according to oral health status
The older the elderly living alone, the lower the household income, the lower the education level, and the 

fewer teeth remaining in the smoker. There was also a significant difference in the number of residual 
teeth according to the degree of stress. In addition, the higher the age, the lower the household income, the 
lower the education level, and the higher the stress, the worse was the degree of mastication. The two 
groups with ＜20 or ≥20 residual teeth showed statistically significant differences in the age, home income, 
education, smoking, and diabetes (p<0.05). The two groups with ‘not good’ or ‘good’ chewing levels showed 
significant differences in the age, household income, education level, and stress (p<0.05) <Table 2>.
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Table 1. Characteristics of the participants according to stress                                                                 Unit : N(%)

Variables
Stress

Mean±SD p* A lot of A little Almost no p**

Age 0.001 <0.001
65-69 3.00±0.05 145(38.3) 444(43.1) 171(27.6)
70-74 3.06±0.05 124(30.3) 320(28.3) 186(29.4)
≥ 75 3.17±0.04 106(31.4) 272(28.6) 234(43.0)

Gender <0.001 <0.001
Male 3.21±0.04 106(25.5) 476(46.0) 290(49.1)
Female 2.97±0.03 269(74.5) 560(54.0) 301(50.9)

Economic activity 0.981 0.902
Yes 3.08±0.04 119(31.5) 354(32.7) 190(31.8)
No 3.07±0.02 256(68.5) 682(67.3) 401(68.2)

Residence types 0.541 0.061
Alone 3.08±0.06 90(21.9) 194(16.3) 137(21.1)
Spouse 3.10±0.04 146(35.8) 479(42.5) 262(41.0)
Others 3.05±0.03 139(42.3) 363(41.2) 192(38.0)

Home income 0.921 0.247
Low 3.07±0.07 187(49.5) 431(42.8) 288(48.6)
Middle-low 3.07±0.08 98(25.1) 325(30.2) 158(25.6)
Middle-high 3.06±0.08 55(15.9) 168(16.8) 85(14.5)
High 3.11±0.07 35( 9.5) 112(10.2) 60(11.3)

Education <0.001 <0.001
Elementary 3.02±0.06 283(76.1) 568(56.1) 353(62.3)
Middle 3.10±0.07 42(11.0) 165(15.1) 83(13.0)
High 3.15±0.08 36( 9.0) 218(20.9) 92(15.0)
≥College 3.27±0.06 14( 3.9) 85(7.9) 63(9.7)

Smoking 0.002 0.002
Do(done) 3.15±0.03 115(28.8) 412(39.6) 230(90.4)
None 3.03±0.04 260(71.2) 624(60.4) 361(59.6)

Drinking 0.037 0.001
Do(done) 3.10±0.02 254(65.1) 801(77.0) 429(73.6)
No 3.00±0.05 121(34.9) 235(23.0) 162(26.4)

Hypertension 0.151 0.392
Have 3.05±0.03 221(57.3) 545(52.7) 308(51.9)
No 3.11±0.04 154(42.7) 491(47.3) 283(48.1)

Diabetes 0.908 0.173
Have 3.07±0.05 81(23.9) 194(18.8) 125(21.7)
No 3.08±0.05 294(76.1) 842(81.2) 466(78.3)

Residual teeth 0.772 0.280
＜20 3.07±0.03 148(41.3) 369(36.5) 226(39.6)
≥20 3.08±0.04 227(58.7) 667(63.5) 365(60.4)

Chewing level <0.001 <0.001
Not good (1-2) 2.93±0.04 219(60.4) 453(43.2) 211(36.4)
Good (3-5) 3.19±0.03 156(39.6) 583(56.8) 380(63.6)

The date were analyzed by reflecting complex weighted sample design. *by linear regression, **by chi-square test    
N: unweighted (%: weighted)
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Table 2. Characteristics of the participants according to oral health status 

Variables
Residual teeth Chewing level

Mean±SD p* <20 ≥20 p* Mean±SD p* Poor(1-2) Good(3-5) p*

Age <0.001 <0.001 0.003 0.003
65-69 22.10±0.47 206(26.9) 554(44.0) 3.14±0.08 294(33.2) 466(40.8)
70-74 19.63±0.51 242(29.7) 388(28.6) 2.92±0.09 288(29.4) 342(28.7)
≥ 75 17.82±0.38 295(43.4) 317(27.4) 2.88±0.06 301(37.4) 311(30.5)

Gender 0.908 0.799 0.050 0.128
Male 20.00±0.37 314(42.6) 558(43.2) 3.06±0.07 371(40.9) 501(44.6)
Female 19.93±0.25 429(57.4) 701(56.8) 2.93±0.04 512(59.1) 618(55.4)

Economic activity 0.810 0.713 0.134 0.087
Worker 19.88±0.40 243(31.7) 420(32.5) 2.91±0.07 310(34.3) 353(30.4)
Non-worker 20.00±0.27 500(68.3) 839(67.5) 3.02±0.05 573(65.7) 766(69.6)

Residence types 0.035 0.122 0.007 0.059
Alone 19.20±0.53 164(19.6) 257(18.3) 2.78±0.09 204(21.2) 217(16.9)
Spouse 20.40±0.45 311(37.7) 576(42.6) 3.05±0.07 372(38.1) 515(42.9)
Others 19.84±0.34 268(42.7) 426(39.1) 3.02±0.06 307(40.7) 387(40.2)

Home income <0.001 0.005 <0.001 <0.001
Low 18.79±0.67 370(50.7) 536(42.9) 2.78±0.12 460(53.0) 446(40.2)
Middle-low 20.72±0.67 208(26.0) 373(29.0) 3.08±0.13 237(25.2) 344(29.9)
Middle-high 20.65±0.74 112(15.8) 196(16.0) 3.18±0.14 121(14.1) 189(17.4)
High 21.90±0.60 53( 7.5) 154(12.1) 3.39±0.11 65( 7.7) 142(12.5)

Education <0.001 <0.001 <0.001 <0.001
Elementary 19.13±0.62 507(69.5) 697(57.1) 2.81±0.13 626(71.5) 578(54.2)
Middle 20.30±0.74 104(13.0) 186(14.1) 3.12±0.14 101(11.2) 189(15.6)
High 21.49±0.65 98(12.9) 248(19.2) 3.32±0.13 109(11.8) 237(20.8)
≥College 22.51±0.56 34( 4.6) 128( 9.6) 3.45±0.11 47(5.5) 115(9.4)

Smoking 0.005 0.009 0.487 0.269
Smoking 19.25±0.35 301(41.7) 456(35.3) 2.96±0.06 355(39.2) 402(36.6)
Non-smoking 20.37±0.40 442(58.3) 803(64.7) 3.01±0.07 528(60.8) 717(63.4)

Drinking 0.299 0.109 0.353 0.795
Yes 20.07±0.25 533(71.3) 951(75.2) 3.01±0.04 650(73.4) 834(73.9)
No 19.61±0.44 210(28.7) 308(24.8) 2.94±0.08 233(26.6) 285(26.1)

Hypertension 0.812 0.103 0.137 0.360
Yes 19.99±0.28 408(55.7) 666(51.9) 2.94±0.05 485(54.6) 589(52.3)
No 19.90±0.36 335(44.3) 593(48.1) 3.04±0.07 398(45.4) 530(47.7)

Diabetes 0.059 0.007 0.708 0.508
Yes 19.20±0.45 165(24.3) 235(18.4) 2.96±0.08 186(21.5) 214(20.0)
No 21.14±0.49 578(75.7) 1,024(81.6) 3.00±0.09 697(78.5) 905(80.0)

Stress 0.023 0.280 <0.001 <0.001
A lot of 19.48±0.62 148(20.9) 227(18.5) 2.53±0.11 219(26.4) 156(13.9)
A little 20.46±0.46 369(47.8) 667(51.8) 2.99±0.08 453(48.8) 583(51.4)
Almost no 19.39±0.38 226(31.3) 365(29.7) 3.28±0.07 211(24.8) 380(34.7)

The date were analyzed by reflecting complex weighted sample design. *by linear regression, **by chi-square test  
N: unweighted (%: weighted)
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Table 3. Logistic regression analysis for association between stress and oral health status 

Variables Division
Residual teeth Chewing level

Crude Adjusted Crude Adjusted
Stress Almost no 1 1 1 1

A little 0.88(0.69-1.12) 1.03(0.79-1.33) 1.33(1.06-1.67)* 1.52(1.19-1.93)*

A lot of 1.07(0.80-1.45) 1.10(0.80-1.51) 2.67(1.88-3.79)* 2.74(1.88-3.98)*

Age 65-69 1 1
70-74 1.65(1.26-2.15)* 1.25(0.97-1.61)
≥ 75 2.49(1.87-3.31)* 1.48(1.14-1.91)*

Gender Female 1 1
Male 0.79(0.55-1.15) 0.92(0.63-1.34)

Economic activity Worker 1 1
Non-worker 0.87(0.69-1.08) 0.76(0.61-0.96)*

Residence type Spouse 1 1
Others 0.99(0.75-1.31) 1.19(0.88-1.60)
Alone 1.30(1.02-1.66)* 1.21(0.95-1.55)

Home income High 1 1
Middle-high 1.56(0.96-2.51) 1.28(0.83-1.96)
Middle-low 1.37(0.89-2.11) 1.31(0.86-1.99)
Low 1.46(0.93-2.30) 1.75(1.17-2.61)*

Education ≥College 1 1
High 1.29(0.79-2.10) 0.82(0.53-1.27)
Middle 1.80(1.09-2.98)* 1.01(0.63-1.61)
Elementary 2.18(1.34-3.53)* 1.70(1.08-2.66)*

Smoking habit Non-smoking 1 1
Smoking 1.92(1.39-2.66)* 1.46(1.05-2.04)*

Drinking No 1 1
Yes 0.86(0.66-1.13) 1.09(0.84-1.42)

Hypertension No 1 1
Yes 0.98(0.80-1.20) 1.01(0.81-1.26)

Diabetes No 1 1
Yes 1.36(1.06-1.76)* 1.07(0.80-1.43)

The date were analyzed by reflecting complex weighted sample design; Adjusted for age, sex, residence types, economic 
activity, home income, education, smoking, drinking, hypertension, diabetes.    
*p<0.05 by Logistic regression; OR (95%CI)=odds ratio; CI=confidence interval; 

3. Association between stress and oral health status
The odds ratio of the poor chewing level was 1.33 times higher in the ‘a little stress’ group than the 

‘almost no stress’ group and 2.67 times higher in the ‘a lot of stress’ group than the ‘almost no stress’ 
group, which was statistically significant (p<0.05). In addition, after adjusting for the age, gender, 
economic activity, residence type, home income, education, drinking or smoking, hypertension and 
diabetes. The odds ratio of the poor chewing level was 1.52 times higher in the ‘a little stress’ group than 
the ‘almost no stress’ group and 2.74 times higher in the ‘a lot of stress’ group than the ‘almost no stress’ 
group, which was statistically significant (p<0.05) <Table 3>.
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Discussions
Lee and Yoon [8] examined the stress level according to various general characteristics and reported 

that the higher the education level and the higher the household income, the higher was the stress level. 
However, Cho et al. [21] reported that the lower the educational background and the lower the 
household income, the more severe was the stress level.

The increased average lifespan has resulted in serious social problems like early retirement of the 
aging population, which and lead to depression or a sense of alienation due to the increased time spent 
in isolation physical and mental damage. And the natural death of those around them can be a major 
stressor for the elderly [22]. Since stress can accumulate negative emotional states such as anxiety and 
depression, a countermeasure is needed [23]. Although the correlation between stress and various 
diseases has been previously studied, no clear solution has been found [24]. In order to relieve the stress 
of the elderly, there are various programs related to the community as well as the individual. In this 
regard, it is thought that everyone should be interested so that the elderly can share information with 
each other.

In addition, negligence of oral health due to stress can increase the incidence of oral diseases like 
dental caries and periodontitis, which can make the chewing and swallowing of food uncomfortable, 
and also interfere with daily life due to abnormal taste and difficulty in pronunciation [25]. Conditions 
like excessive mental strain or stress can increase the prevalence of oral conditions, including dry 
mouth, oral mucosal disease and halitosis [26]. Decreased salivary flow in the elderly causes bad breath, 
which in turn can cause mental damage in the form of psychological atrophy and anxiety and thus, 
result in stress and lead to social avoidance and disrupt interpersonal relationships [27]. Cho et al. [19] 
investigated an association between stress and the number of residual teeth in adults over 40 years old, 
there was no significant difference between stress and the number of residual teeth, as in this study 
(p>0.05). Rai et al. [28] reported that salivary stress markers and stress were significantly related with 
periodontal disease, and ignoring to brush teeth during stress was related with missing teeth.

Roohafza et al. [18] reported that masticatory ability was significantly correlated with depression, 
anxiety , and stress. Furthermore males reported significantly higher level for masticatory ability than 
females. And they reported that participants with higher score of anxiety, depression, and stress suffer 
lower masticatory ability. Petrowski et al. [29] reported that psychosocial stress was related with an rise 
in chewing frequency measured with sound-based devices.

The discomfort in chewing was found to affect not only the oral health but also the overall quality of 
life. Poor chewing ability in the elderly can decrease their ability to perform daily activities, thus 
worsening their quality of life and increasing the occurrence of mental illnesses such as depression [30]. 
And Miyake et al. [31] reported that chewing attenuates morphologic changes and stress-induced 
functional in the hippocampus. Therefore, it is necessary to overcome the discomfort in chewing 
function.
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This study was based on the National Health and Nutrition Survey to represent the elderly in Korea. 
However, because this study is a cross-sectional study, it can’t explain the causal relationship whether 
the chewing level is uncomfortable due to high stress, or whether it is more stressed due to the 
uncomfortable chewing level. And even after adjusting covariates the value was increased seems that 
there was a difference in the number of subjects. In addition, there were limitations because it was 
investigated using subjective measuring tools for stress and chewing level.

Therefore, more objective measurement tools need to be utilized and more in-depth follow-up 
studies are needed.

Conclusions
This study was examined their stress level and chewing ability from elderly people over 65 years old 

using the 2nd and 3rd year (2014-2015) of the 6th Korea National Health and Nutrition Examination 
Survey data. The results are below.

1. The degree of stress according to the general characteristics was significantly different in age, gender, 
education, smoking, drinking, and chewing level (p<0.05).

2. The chewing level according to general characteristics was significantly different in age, income(home), 
education, and stress (p<0.05).

3. The stress in the elderly is related to the chewing level. When there was a lot of stress, The odds ratio 
of poor chewing level was 2.67 times, and the risk ratio was 2.74 times after adjusting age, sex, residence 
types, economic activity, home income, education, smoking, drinking, hypertension, diabetes.

We hope to improve the overall quality of life of older adults by exploring various methods to reduce 
the stress of the elderly and also focusing on oral health as well as general health. This study is expected 
to be a useful resource for improving mental health and oral health in the elderly.
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