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Abstract: Food security is important for human health and quality of life. This study investigated the
association between food security and the number of remaining teeth in Korean adults. Raw data
from the Korea National Health and Nutrition Examination Survey (KNHANES) VII (2016–2018)
were analyzed, including data from 13,199 adults aged 19 years or older. The associations between
food security and number of teeth were assessed using multiple multinomial logistic regression
models after adjusting for demographic and health factors as covariates. In the model adjusted for
all socioeconomic, medical, and behavior variables, the odds ratio of tooth loss (16–20 teeth) was
3.80 (95% confidence interval [CI] 1.56–9.21) in the group of people that reported often feeling
insecurity regarding various food groups compared to those who reported feeling food security. The
results of this study demonstrated an association between food security and the number of remaining
teeth in Korean adults. Therefore, food security is essential for improving lifelong oral health.
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1. Introduction

Tooth extraction is the final approach when prophylactic and conservative treatments
for oral diseases are no longer possible [1]. The resulting tooth loss is considered a lifetime
cumulative indicator of poor oral health [2].

The most common oral diseases associated with tooth loss are periodontal disease
and dental caries. Periodontal disease is caused by bacterial accumulation on the surface
of the teeth and dysregulation of local and systemic immune responses. The damage
to connective tissue and loss of alveolar bone around the teeth can lead to tooth loss at
the terminal stage [3,4]. Dental caries is caused by acid produced through the bacterial
fermentation of dietary carbohydrates. Subsequently, hard dental tissues are demineralized
by acid, causing dental caries [5]. This can progress from early dental caries to severe tooth
destruction, eventually leading to tooth loss. Tooth loss is caused not only by biological
but also by socio-economic and health-related behavioral factors [6–8]. Therefore, oral
disease can result from not only the effects of biofilm on tooth surfaces but also from
complex factors.

Studies have reported associations between nutrition and oral health. A review of
nutrition and oral health suggested that malnutrition might negatively affect orofacial
components, oral mucosa, and dental diseases [9]. In addition, a study on the association
between the number of teeth and dietary quality (Healthy Eating Index) reported a positive
association between the number of teeth and dietary quality [10]. Hence, nutrition and
diet-related factors can significantly impact both oral and overall health. Nutritional intake

Int. J. Environ. Res. Public Health 2023, 20, 2964. https://doi.org/10.3390/ijerph20042964 https://www.mdpi.com/journal/ijerph

https://doi.org/10.3390/ijerph20042964
https://doi.org/10.3390/ijerph20042964
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com
https://orcid.org/0000-0003-0182-9489
https://orcid.org/0000-0002-5897-5594
https://doi.org/10.3390/ijerph20042964
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com/article/10.3390/ijerph20042964?type=check_update&version=1


Int. J. Environ. Res. Public Health 2023, 20, 2964 2 of 10

is affected by household access to food and the environment. Therefore, nutritional intake
should be assessed according to food security.

Food security includes household access to and the sufficiency and sustainability of
food to meet the dietary needs of all household members [11]. Food insecurity is a risk factor
for non-infectious diseases and is also a physiological and psychological stressor through
various pathways [12]. In other words, food security does not simply mean that people
do not eat enough food. Food security is also an indicator predicting the socioeconomic
inequality and health of a population [13]. Thus, food insecurity can contribute to the
development of dental caries due to the consumption of low-quality foods and even higher
levels of free sugars. [14].

Recent studies have reported on the relationships between food security and dental
diseases. A study of Korean adults observed that food insecurity was associated with an
increased prevalence of dental caries [15]. In addition, a study involving schoolchildren
in western Brazil also reported a close association between food insecurity and dental
caries [16].

However, to our knowledge, no studies have evaluated the association between food
security and the number of remaining teeth. The number of remaining teeth can be used as
an indicator of the overall oral health status, including dental caries and periodontal disease.
In addition, multifaceted approaches and measures for oral health can be developed
through studies on the number of remaining teeth and food security. Therefore, the present
study investigated the association between dietary life conditions related to food security
and the number of remaining teeth in Korean adults based on an analysis of nationally
representative data in South Korea.

2. Materials and Methods
2.1. Study Participants

This study used the data from the 7th Korea National Health and Nutrition Exami-
nation Survey (KNHANES), a nationally representative cross-sectional survey conducted
from 2016 to 2018. The data from the KNHANES VII Survey can be accessed and down-
loaded from the KNHANES homepage (URL: https://knhanes.kdca.go.kr/knhanes/sub0
3/sub03_02_05.do, accessed on 21 November 2022). The first and second years of the 7th
KNHANES (2016–2017) collected data without requiring an institutional review board
(IRB) review and approval according to the Bioethics Act, while the third year (2018)
collected data after receiving approval from the IRB at the Korea Disease Control and
Prevention Agency (IRB No. 2018-01-03-P-A). Among 16,489 survey participants, data from
13,199 participants aged 19 years or older were extracted.

2.2. Number of Teeth

In the KNHANES, standardized oral examinations have been continuously performed
by highly trained dentists. The methods used to ensure the reliability of the oral examina-
tions by dentists include lectures for calibration, training using dental models, web-based
photo instruction and simulation of oral health examination with human subjects, field
instruction, and reproducing examinations.

The number of remaining teeth as a dependent variable was calculated after excluding
the third molar. The number of remaining teeth of participants was categorized into three
groups: ≤15 teeth, 16–20 teeth, and 21–28 teeth according to the classification used in
previous studies [17,18].

2.3. Food Security

Dietary life condition as an independent variable was analyzed using dietary condition
data from the food security survey of the 7th KNHANES. Each household diet manager
was surveyed. The participants were asked to select response items that indicated their
dietary life conditions in the past year, according to their overall household situation:
(1) All my family members ate sufficient quantities of various kinds of food as they want

https://knhanes.kdca.go.kr/knhanes/sub03/sub03_02_05.do
https://knhanes.kdca.go.kr/knhanes/sub03/sub03_02_05.do
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(1 = secure with various food), (2) my family members ate a sufficient amount of food
but could not eat various types of food (2 = secure without various food), (3) my family
sometimes lacked food due to financial difficulties. (3 = sometimes insecure), and (4) my
family often lacked food because of financial difficulties (4 = often insecure). Based on these
four response items, the participants’ dietary life condition was categorized.

2.4. Covariates

Each variable in this study was reclassified according to its analysis purpose. The
demographic factors included sex, age, household income level, and education level. Age
was categorized into 19–29, 30–39, 40–49, 50–59, and 60 years of age or older. Household
income was categorized into upper, middle (upper-middle, lower-middle), and lower.
Education level was categorized into primary school graduation or lower, middle school
graduation, high school graduation, and college graduation or higher. Regarding health
factors, diabetes was classified as a fasting blood glucose level ≥ 126 mg/dL, a diabetes
diagnosis by a doctor, or taking a drug for glycemic management or receiving insulin
injections [19]. Body mass index (BMI) was divided 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).

Regarding health-related behavioral factors, smoking status was divided into non-
smokers (<5 packs in their lifetime) and smokers (>5 packs in their lifetime) [20,21].
Drinking status was classified according to monthly drinking rate into non-drinkers (non-
drinkers in their lifetime or <1 drink per month in the past year) and drinkers (>1 drink
per month in the past year) [22]. The number of tooth brushings per day was divided
into ≤1, 2, and ≥3.

2.5. Statistical Analysis

The KNHANES used a complex sample design to collect data, and a complex sample
analysis of the collected data was performed after applying weights, stratification variables
(kstrata), and primary sample units (psu).

The number of teeth according to the general characteristics of the study participants
was analyzed using a Chi2 test. The number of teeth according to the general characteristics
was analyzed using t-tests and analysis of variance (ANOVA). Multiple multinominal
logistic regression models were used to determine the number of teeth according to food
security. Model 1 was unadjusted, while Model 2 was adjusted for sex, age, household
income, education level, diabetes, BMI, smoking, drinking, and number of tooth brushings
per day. The results of the analysis were expressed as the odds ratio of the number of teeth
and 95% confidence intervals (CIs). All statistical analyses in this study were performed
using IBM SPSS Statistics for Windows, Version 20.0 (IBM Corp., Armonk, NY, USA). The
tests of significance were based on a type I error level of 0.05.

3. Results
3.1. Categories of the Number of Teeth According to the General Characteristics of the Participants

The categories of the numbers of teeth according to the general participant characteris-
tics are shown in Table 1. Female sex, higher age, lower household income level, and lower
education level were associated with an increased proportion of participants with ≤15 teeth
(p < 0.001). In addition, the proportion of participants with ≤15 teeth was higher in those
without diabetes (77.4%, p < 0.001). The proportion of participants with ≤15 teeth was high
(36.2%) among those with normal weight and those with obesity (p < 0.001). The proportion
of participants with ≤15 teeth was also in non-smokers and non-drinkers (80.7%, p = 0.198
and 62.9%, p < 0.001, respectively). The proportion of participants who brushed their teeth
two times per day was also high (44.3%, p < 0.001).
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Table 1. Characteristics of the study population stratified by number of teeth.

Characteristics

Number of Teeth

p-Value **0–15 16–20 21–28

N % * N % * N % *

Sex
(n = 13,199) Man 774 47.6 341 44.8 4678 41.5 <0.001

Woman 858 52.4 414 55.2 6134 58.5
Age

(n = 13,199) 19–29 1 0.0 2 0.2 1559 15.1 <0.001

30–39 4 0.3 11 1.6 2087 18.7
40–49 19 1.2 32 4.0 2368 21.1
50–59 126 8.2 145 20.2 2222 21.6
≥60 1482 90.4 565 74.0 2576 23.6

House
income

(n = 13,161)
Lower 872 51.9 285 35.9 1484 13.8 <0.001

Median 628 39.9 349 47.9 5834 53.4
Upper 122 8.1 120 16.2 3467 32.9

Education ≤Primary school 936 60.4 326 43.0 1367 12.9 <0.001
(n = 12,566) Middle school 217 15.0 121 17.2 895 8.8

High school 253 18.1 167 25.9 3608 35.3
≥College 96 6.5 91 13.9 4489 43.0

Diabetes
(n = 13,199) Absence 1242 77.4 609 81.6 10,042 93.1 <0.001

Presence 390 22.6 146 18.4 770 6.9
BMI Underweight 60 4.2 19 2.4 421 4.0 <0.001

(n = 12,880) Normal 558 36.2 202 28.2 4161 40.2
Overweight 387 23.5 214 28.9 2299 21.9

Obesity 565 36.2 297 40.5 3697 33.9
Smoking

(n = 13,061) Non-smoker 1300 80.7 619 83.3 8795 82.7 0.198

Smoker 292 19.3 121 16.7 1934 17.3
Alcohol
drinking

(n = 13,069)
Non-drinker 1015 62.9 409 54.7 4658 43.6 <0.001

Drinker 579 37.1 333 45.3 6075 56.4
Tooth

brushing/day ≤1 325 23.0 89 10.6 778 6.8 <0.001

(n = 12,759) 2 619 44.3 313 42.4 4067 38.1
≥3 455 32.8 316 47.1 5797 55.0

* Weighted %; ** p–value was calculated by a complex sample chi-square test.

3.2. Number of Teeth According to General Characteristics

The mean numbers of teeth according to the general participant characteristics are
shown in Table 2. The number of teeth was 0.9 higher in women than in men. The number
of teeth decreased with increasing age (p < 0.001). Higher household income and education
level were associated with greater numbers of teeth (p < 0.001). The number of teeth was
lower in participants with diabetes (p < 0.001), those who were underweight (p = 0.011),
smokers (p = 0.016), and non-drinkers (p < 0.001). In addition, the number of remaining
teeth was higher with increasing numbers of tooth brushings per day (p < 0.001). Finally,
while the number of remaining teeth was the lowest (22.68) in those who reported that
they are food insecure and often lack food; however, the difference was not statistically
significant (p = 0.378).



Int. J. Environ. Res. Public Health 2023, 20, 2964 5 of 10

Table 2. Mean number of teeth and standard error of the study population.

Characteristics
Number of Teeth

p-Value *
Weighted Mean (SE)

Sex Man 21.22 (0.18) <0.001 †

Woman 22.12 (0.20)
Age 19–29 25.15 (0.35) <0.001

30–39 24.49 (0.36)
40–49 24.48 (0.35)
50–59 23.34 (0.35)
≥60 19.21 (0.36)

House income Lower 22.05 (0.38) <0.001
Median 23.88 (0.34)
Upper 24.08 (0.35)

Education ≤Primary school 21.80 (0.42) <0.001
Middle school 23.24 (0.40)
High school 23.88 (0.34)
≥College 24.41 (0.34)

Diabetes Absence 23.90 (0.14) <0.001 †

Presence 19.43 (0.29)
BMI Underweight 22.66 (0.47) 0.011

Normal 23.43 (0.35)
Overweight 23.61 (0.35)

Obesity 23.64 (0.34)
Smoking Non-smoker 21.93 (0.16) 0.016 †

Smoker 21.41 (0.24)
Alcohol drinking Non-drinker 20.59 (0.21) <0.001 †

Drinker 22.75 (0.17)
Tooth

brushing/day ≤1 22.11 (0.44) <0.001

2 23.85 (0.33)
≥3 24.04 (0.32)

Food security F1 = Secure with various food 23.70 (0.16) 0.378
F2 = Secure without various food 23.84 (0.18)

F3 = Sometimes insecure 23.12 (0.58)
F4 = Often insecure 22.68 (1.17)

* p-value was calculated by Analysis of Variance (ANOVA) in a complex sampling general linear model. † p-value
was calculated by a t-test complex sampling general linear model.

3.3. Food Security According to General Characteristics

Food security according to the general characteristics is shown in Table 3. Females
(58.7%) had better dietary habits than males (41.3%, p < 0.001), and those aged 60 or older
(32.5%) reported good food security (p < 0.001). The most common level of household
income was median (50.2%), followed by high (35.5%) and low (14.3%, p < 0.001). Food
security increased with the level of education (p < 0.001), from primary school graduate
or lower (16.1%), middle school graduate or lower (8.7%), high school graduate or lower
(32.2%), to university graduate or higher (43.4%). Non-diabetics (p < 0.001), those with
normal BMI (p = 0.211), non-smokers (p < 0.001), drinkers (p < 0.001), and those who brush
their teeth more than three times a day (p < 0.001) reported having good food security.
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Table 3. Characteristics of the study population stratified by food security.

Characteristics
Food Security

p-Value **F1 F2 F3 F4

N (%) * N (%) * N (%) * N (%) *

Sex (n = 11,489) Man 2612 (41.3) 2069 (40.1) 130 (44.9) 23 (37.5) <0.307
Woman 3554 (58.7) 2905 (59.9) 158 (55.1) 38 (62.5)

Age (n = 11,489) 19–29 709 (12.3) 561 (11.6) 17 (6.4) 3 (6.2) <0.001
30–39 1080 (17.1) 698 (13.7) 19 (7.7) 6 (7.2)
40–49 1214 (19.2) 832 (16.4) 37 (13.5) 4 (2.2)
50–59 1118 (19.0) 952 (20.1) 55 (18.5) 10 (19.4)
≥60 2045 (32.5) 1931 (38.2) 160 (53.8) 38 (65.0)

House income
(n = 11,468) Lower 894 (14.3) 1226 (24.3) 199 (68.2) 46 (73.6) <0.001

Median 3125 (50.2) 2694 (53.8) 82 (30.4) 10 (18.8)
Upper 2137 (35.5) 1044 (21.9) 6 (1.4) 5 (7.6)

Education ≤Primary school 1010 (16.1) 1216 (24.8) 137 (49.2) 31 (55.5) <0.001
(n = 11,003) Middle school 509 (8.7) 535 (11.3) 38 (13.6) 3 (4.4)

High school 1879 (32.2) 1513 (33.4) 67 (24.1) 19 (34.2)
≥College 2535 (43.0) 1475 (30.5) 32 (13.1) 4 (5.9)

Diabetes
(n = 11,489) Absence 5606 (91.5) 4445 (89.8) 247 (85.8) 44 (72.6) <0.001

Presence 560 (8.5) 529 (10.2) 41 (14.2) 17 (27.4)
BMI Underweight 232 (3.9) 204 (4.3) 9 (3.3) 6 (8.1) 0.211

(n = 11,206) Normal 2334 (39.6) 1837 (38.4) 99 (35.5) 21 (37.6)
Overweight 1388 (23.4) 1073 (21.8) 55 (21.4) 8 (15.3)

Obesity 2062 (33.1) 1737 (35.4) 118 (39.7) 23 (38.9)
Smoking

(n = 13,061) Non-smoker 5167 (84.6) 4110 (83.9) 205 (72.9) 43 (71.2) <0.001

Smoker 950 (15.4) 820 (16.1) 80 (27.1) 18 (28.8)
Alcohol
drinking

(n = 11,398)
Non-drinker 2745 (44.9) 2498 (50.9) 172 (58.7) 37 (58.2) <0.001

Drinker 3372 (55.1) 2437 (49.1) 113 (41.3) 24 (41.8)
Tooth

brushing/day ≤1 458 (7.0) 511 (10.3) 50 (19.3) 12 (19.0) <0.001

(n = 11,119) 2 2246 (37.2) 1985 (41.3) 116 (41.7) 28 (55.5)
≥3 3304 (55.8) 2296 (48.4) 98 (39.0) 15 (25.5)

* Weighted %; ** p–value was calculated by a complex sample chi-square test. F1 = secure with various food,
F2 = secure without various food, F3 = sometimes insecure, F4 = often insecure.

3.4. Associations between Food Security and the Number of Teeth

The associations between food security and the number of teeth are shown in Table 4.
In Model 1, with 0–15 teeth, the odds ratios of tooth loss in the groups of participants who
reported experiencing food insecurity often, sometimes, and only for certain food groups
compared to those without food insecurity were 5.52, 3.78, and 1.38, respectively. In Model
2, adjusted for all variables, the odds ratios were not significant.

In Model 1, with 16–20 teeth, the odds ratios of tooth loss in the groups of participants
who reported experiencing food insecurity often, sometimes, and only for certain food
groups compared to those without food insecurity were 5.36, 2.85, and 1.24, respectively. In
Model 2, the odds ratio of tooth loss in those who often experienced food insecurity was
3.80 (1.56–9.21) compared to those without food insecurity.
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Table 4. Association between food security and number of teeth. Results of multiple multinomial
logistic regression models.

Food Security
21–28 versus 0–15 21–28 versus 16–20

Model 1 Model 2 Model 1 Model 2

F4 = Often insecure 5.52 ***
(2.61–11.66)

1.79
(0.65–4.89)

5.36 ***
(2.30–12.47)

3.80 **
(1.56–9.21)

F3 = Sometimes insecure 3.78 ***
(2.65–5.40)

1.34
(0.81–2.21)

2.85 ***
(1.83–4.44)

1.44
(0.85–2.43)

F2 = Secure without
various food

1.38 ***
(1.20–1.59)

0.92
(0.76–1.10)

1.24 *
(1.04–1.48)

0.99
(0.80–1.22)

F1 = Secure with various food Reference Reference Reference Reference

Data are presented as OR (95% CI). OR: odds ratio; CI: confidence interval, * p < 0.05, ** p < 0.01 and
*** p < 0.001. Model 1 unadjusted model. Model 2 adjusted for socioeconomic variables (sex, age, and household
income, education), medical variables (diabetes mellitus, BMI) and behavior variables (smoking, alcohol drinking,
tooth brushing).

4. Discussion

This study analyzed the association between food security and the number of remain-
ing teeth using raw data from the 7th KNHANES, a nationally representative survey of
Korean adults.

The results of this study reveal that in the model adjusted for socioeconomic, medical,
and behavioral factors, the risk of tooth loss (16–20 remaining teeth) was 3.80-fold higher
(95% CI: 1.56–9.21) in the group of participants often experiencing food insecurity for
various food groups compared to the group with security. Therefore, severe food insecurity
was associated with tooth loss.

Food-related social and cultural norms affect individuals’ food choices, preferences,
beliefs, and behaviors [23]. The factors affecting individuals’ food choices are diverse. The
main cause of food insecurity in the present study was economic factors. Food prices
significantly affected food choices and purchases. Accordingly, households with food
insecurity make purchasing decisions based on food quantity rather than quality. This may
result in the consumption of refined, high-calorie, low-nutrient, and inexpensive food with
a long shelf life [24]. These foods may eventually affect overall nutritional status, such as
increased weight, reduced healthy mealtimes, and barriers to access fruits and vegetables
in parents with food insecurity [25]. In the long run, this situation can lead to nutritional
imbalances and adversely affect both overall and oral health.

The study was limited in identifying a causal relationship between food insecurity and
oral health status. A study on health imbalances and food insecurity in Canada reported
that diet quality-related food insecurity, such as high sugar intake, limited intake of dairy
products, and a low-variety diet, caused poor oral health [26]. Refined carbohydrates di-
rectly affect oral health. The intake of highly refined carbohydrates supports the cariogenic
bacteria and biofilm growth in the oral cavity [27,28], and has other negative effects such as
an increased risk of opportunistic infections and diabetes [29,30].

Moreover, insufficient nutritional intake causes a deterioration of the immune sys-
tem and affects phagocytic function, cytokine production, and antibody response [31].
Thus, nutrition imbalance and a lack of appropriate nutrition consumption can lead to
changes that increase the risk of infection and develop an acidic environment in the mouth.
Consequently, this can contribute to inducing oral diseases and tooth loss.

A previous analysis of data of Korean adults from the 6th KNHANES reported a
low micronutrient intake and low Healthy Eating Index scores among food-insecure in-
dividuals [15]. Micronutrients act as antioxidants and help bones and muscles, with each
micronutrient playing diverse roles. Phosphorus, calcium, magnesium, and vitamin D,
which affect hard tissues, interact with one another and play roles in the remineralization
of bones and teeth [32]. These roles affect the prevention and management of dental caries
and periodontal disease, thereby influencing overall oral health.
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In addition, a study of adults in the US showed that those with food insecurity had
1.58-fold higher (95% CI: 1.18–2.12) unmet dental needs [24], which are an additional
economic burden for food-insecure individuals. These economic burdens can lead to the
reduced utilization of healthcare services and the intake of low-quality food. Furthermore,
while food-insecure poor persons may visit a dental clinic for dental treatment, their
consumption of necessary preventive and therapeutic treatment is limited. Poor persons
who recognize the need for dental care may not undergo preventive dental procedures and
treatments for promoting oral health due to financial demands. In addition, paying for
necessary dental treatment may require them to not buy food or to forcibly reduce and
manage food purchase expenses [26].

Furthermore, long delays in necessary dental treatment can lead to future tooth loss
and cause oral health problems, which can become a vicious cycle. The loss of teeth greatly
affects diet quality. Poor oral condition and chewing discomfort affect an individual’s food
choices and dietary preferences. Consequently, the intake of low-quality food has negative
effects on overall and oral health [33].

The long-standing accommodative monetary policies and liquidity during the coron-
avirus disease 2019 (COVID-19) pandemic and the situation in individual countries have
led to rapid inflation. Thus, people from lower socioeconomic classes are more likely to
be exposed to food insecurity. This is an important issue for the healthy life of people
worldwide; thus, policy considerations are needed. The providers and educators of oral
health promotion programs should be well aware of the effects of the nutritional status
of the subjects on their oral health. Accordingly, the program should be implemented
for oral health education and counseling to promote the oral health of the subjects. In
addition, measures to connect subjects suffering from severe food instability during medical
treatment to related institutions are required.

This study has several limitations. First, owing to the cross-sectional design, the
causal relationships could not be determined. Second, a tool to measure food security
in Korea based on the US Household Food Security Survey Module was developed in
2011 and used in the 6th KNHANES [34]. However, because this tool consists of rotating
survey items, the food security survey was based on a single questionnaire item regarding
dietary life condition in the 7th KNHANES (2016–2018). Therefore, it was difficult to
accurately measure food security levels using a single-item measurement indicator. Third,
multicollinearity could not be assessed in this study because a complex sample analysis
was performed.

Nevertheless, to our knowledge, this is the first study to determine the association
between food security and the number of remaining teeth as a cumulative indicator of oral
diseases in Korean adults. Longitudinal studies are needed to analyze changing trends in
food security and the number of teeth based on the measurement tool for food security
in Korea.

5. Conclusions

The group of participants who reported being often insecure (the worst food security
category) showed an association with the number of remaining teeth. Regarding health
consultations, oral health professionals should offer patients advice on food security and
links to various support resources.
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