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Abstract

IMPORTANCE Only a few studies have examined the long-term trends of hand and oral hygiene,
especially among adolescents.

OBJECTIVE To investigate the 15-year trends in frequency of handwashing and toothbrushing and
examine the factors associated with hand and oral hygiene, particularly during the COVID-19
pandemic.

DESIGN, SETTING, AND PARTICIPANTS This cross-sectional study, performed from January 1,
2008, to December 31, 2022, used general population-based data from 963 644 individuals in a
national representative survey (Korea Youth Risk Behavior Web-based Survey [KYRBS]).

EXPOSURE COVID-19 pandemic.

MAIN OUTCOMES AND MEASURES Trends in hand and oral hygiene practices were measured by
how frequently adolescents washed their hands and whether they fulfilled the recommended
guidelines for toothbrushing. An interrupted time series analysis using linear and logistic regression
models was performed to assess any associations with the COVID-19 pandemic. Hand and oral
hygiene behaviors before and during the pandemic in each sociodemographic subgroup were also
compared.

Key Points

Question How have the long-term
trends of hand and oral hygiene among
Korean adolescents changed since the
COVID-19 outbreak?

Findings This cross-sectional study of
963 644 Korean adolescents from
2008 to 2022 found an immediate
improvement in hand hygiene behavior
but a sustained decrease in both hand
and oral hygiene practices during the
pandemic. Female sex, older age,
nonsmoking status, alcohol use, low
household economic level, and poor
school performance were considered

risk factors for poor hand hygiene.

Meaning This study encourages more
effective promotion programs for hand

and oral hygiene.

RESULTS In the 963 644 adolescents (495 697 [51.4%] male; mean [range] age, 15.01[12-18] years) *+ Supplemental content

who participated in the KYRBS from 2008 to 2022, a 73.3% (95% Cl, 59.4%-97.4%; P < .001)
immediate increase was seen in overall hand hygiene behavior at the onset of the COVID-19
pandemic compared with the prepandemic period, with a sustained decrease thereafter (B = -0.018;
95% Cl, -0.022 to -0.015; P < .001). Meanwhile, no immediate increase was observed in terms of
overall oral hygiene behavior (0.1%; 95% Cl, -0.9% to 1.1%; P = .82); however, there was a sustained
decrease during the pandemic (8 = -0.018; 95% Cl, -0.020 to -0.016; P < .001). Older age, female
sex, nonsmoking status, alcohol use, low household economic level, and poor school performance

Author affiliations and article information are
listed at the end of this article.

were significantly associated with poor hand hygiene during the pandemic.

CONCLUSIONS AND RELEVANCE In this cross-sectional study of South Korean adolescents, an
increase in the prevalence of hand hygiene was observed during the early pandemic; however, this
prevalence decreased over time. Meanwhile, the decrease in the prevalence of oral hygiene was
more pronounced during the pandemic. This study recommends stronger guidelines for adolescent
health coaches, such as teachers or public health advisers, regarding hygiene behaviors, even after
the COVID-19 pandemic ends.
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Introduction

Since the declaration of the COVID-19 pandemic by the World Health Organization (WHO)," further
consideration has been given to hygiene practices to prevent exposure to pathogens via hands and
saliva. Specifically, frequent handwashing was strongly recommended by health experts during the
COVID-19 pandemic.3 The WHO provided a guideline that people should wash their hands with soap
and running water before and after meals and after using the toilet.* Because of the efforts made by
government and health organizations to increase public interest in hand hygiene, people became
aware of handwashing during the pandemic.

The American Dental Association (ADA) and WHO recommend brushing of teeth at least twice
a day.>® A previous study’ reported that the oral cavity may be a potential site for SARS-CoV-2 viral
replication. Therefore, a few studies have explored the association of the COVID-19 pandemic with
hand and oral hygiene (handwashing: Denmark [n = 7218 and France [modeling study]®;
toothbrushing: Nigeria [n = 996]'° and multiple countries [n = 14 970])." These studies showed
conflicting results and weak levels of evidence due to the limited small sample sizes, broad age
ranges, restricted socioeconomic status, and short observation periods (mostly up to 2020).

There is a need to analyze long-term trends in handwashing and toothbrushing with
representative samples and compare tendencies before and during the COVID-19 pandemic. Hence,
this study aimed to investigate the 15-year trend in frequency of handwashing and toothbrushing
using nationwide, large-scale data collected between 2008 and 2022. We examined whether the
COVID-19 pandemic was associated with the frequency of handwashing and toothbrushing practices
among South Korean adolescents.

Methods

Study Design

A total of 992 702 individuals participated in the survey during a period of 15 years. After excluding
participants with missing data, the final sample size for this cross-sectional study was 963 644. We
used general population-based data from these 963 644 respondents of the Korea Youth Risk
Behavior Web-based Survey (KYRBS). This survey was conducted annually by the Korean Disease
Control and Prevention Agency from January 1, 2008, to December 31, 2022, to assess health
behaviors among Korean middle and high school students. This survey covered 98.2% of all Korean
adolescents aged 12 to 18 years. It has also been established and reviewed by experts from the
Ministry of Education and the Ministry of Health and Welfare. The target population of the survey
consisted of both public and private schools in all South Korean provinces. Students were asked to
complete a questionnaire in a computer laboratory in each school.™
recruited, and they voluntarily participated in the survey (mean response rate, 95%).'>"> The
sampling strategy followed 3 steps. First, the population was stratified by 39 regions and level of
school education. Second, proportional allocation methods were used for sampling distribution.
Third, school and class units were used for stratified cluster sampling, which minimized sampling

Youth aged 12 to 18 years were

errors. Weighting was also considered, allowing the sample to represent the entire population of
Korean adolescents. The study protocol was approved by Kyung Hee University and the Korean
Disease Control and Prevention Agency. All participants provided written informed consent. Our
study adhered to the tenets of the Declaration of Helsinki." This study followed the Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline.

End Points

We investigated whether the COVID-19 pandemic changed hand and oral hygiene trends. Given that
the first confirmed case of COVID-19 in South Korea was reported in January 2020, the years 2020,
2021, and 2022 were regarded as the COVID-19 pandemic era.”” The participants were asked to
indicate whether they washed their hands with soap in the following circumstances: before meals at
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school, after using the toilet at school, before meals at home, after using the toilet at home, and after
coming in from outside. The response options for each circumstance were always, often, sometimes,
and never. We recategorized the participants based on frequency of handwashing into 2 groups as
follows: high (those whose response was always in every circumstance) and low. The question used
to assess oral hygiene was, "How many times do you brush your teeth a day?” We followed the
international guidelines set forth by the ADA and WHO for brushing teeth at least twice per day.>¢1®
We divided the respondents into 2 groups: those who brushed their teeth twice or more per day and
those who did not. In addition, we compared the trends in hand and oral hygiene behaviors before
and during the pandemic in each subgroup (by grade, sex, smoking status, current alcohol use,
economic level, highest educational level of parents, and school performance).

Definitions of Covariates

The study variables included age, sex, grade (7-9 [middle school] and 10-12 [high school]), body mass
index (BMI; calculated as weight in kilograms divided by height in meters squared using height,
weight, sex, and age in reference to the 2017 Korean National Growth Charts for children and
adolescents'), smoking status (yes or no), current alcohol use (yes or no), parents' highest
educational level (high school or lower, college or higher, or unknown), school performance (high,
middle-high, middle, middle-low, or low), and household economic level (high, middle-high, middle,
middle-low, or low)."® All variables are based on self-reported data.™ Individuals who smoked at least
once within the past 30 days were considered current smokers, whereas those who had not smoked
for the past 30 days were considered nonsmokers. We defined alcohol consumers as those who
consumed alcohol at least 1day within the past 30 days."

Statistical Analysis
We analyzed the KYRBS data to investigate the national trends in hand and oral hygiene behaviors
during the past 15 years in the context of before and after the pandemic. Interrupted time series
analysis was performed using an ordinary least-squares model (linear regression), logistic regression,
and estimate of adjusted odds ratio (OR) to investigate immediate and sustained changes in hand
and oral hygiene behaviors before and during the pandemic.2° We conducted sex and age
standardization and adjustment for sex, grade, BMI, current alcohol use, current smoking status,
highest educational level of parents, household economic level, and school performance.
Furthermore, to compare the latest prepandemic period (2017-2019) with the pandemic period
(2020-2022) more thoroughly, adjusted and weighted ORs were derived using binary logistic
regression models.?"%? In addition, we examined the individual factors associated with hand and oral
hygiene practices using binary logistic regression. Weighted ORs with 95% Cls were obtained after
adjusting for the covariates. To evaluate the magnitude of risk change before and after the pandemic,
the ratio of the ORs (95% Cls) were used.

All analyses were performed using SAS software, version 9.4 (SAS Institute Inc). A 2-sided
P < .05 was considered statistically significant.

Results

Among the 963 644 adolescents who participated in the KYRBS from 2008 to 2022, a total of
495 697 (51.4%) were male and 467 947 (48.6%) female. The mean (SD) age of the study population
was 15.01(1.75) years. A total of 51.2% of the participants were in grades 7 to 9 (middle school) and
48.8% were in grades 10 to 12. The baseline characteristics of the adolescents are presented in the
Table.

eTable 1in Supplement 1and Figure 1 provide the age- and sex-standardized interrupted time
series analyses of hand and oral hygiene practices among Korean adolescents from 2008 to 2022. An
immediate increase of 73.3% (95% Cl, 59.4% to 97.4%; P < .001) was observed in the overall hand
hygiene practice at the outbreak of the COVID-19 pandemic; however, it gradually decreased over
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time (B = -0.018; 95% Cl, -0.022 to -0.015%; P < .001). Meanwhile, no immediate increase in oral
hygiene practice was observed at the onset of the pandemic, with a rate of 0.1% (95% Cl, -0.9% to
1.1%; P = .82). However, oral hygiene practice showed a sustained decrease (8 = -0.018; 95% Cl,
-0.020 to -0.016; P < .001) during the pandemic. We observed similar tendencies forimmediate
and sustained changes in the subgroups according to grade, sex, smoking, current alcohol use,
highest educational level of parents, economic level, and school performance (eTable 1in
Supplement 1).

Figure 2 shows the adjusted and weighted ORs for the 2020-2022 vs 2017-2019 periods.
Elevated hand hygiene and decreased oral hygiene practices were observed during the pandemic
compared with these practices in the prepandemic era. A similar tendency of changes in hand and
oral hygiene before and during the pandemic was observed in the subgroup analysis. The trend in
changes in hand and oral hygiene behaviors (prepandemic period [2008-2019] vs pandemic period

[2020-2022]) is presented in eTables 2 and 3 in Supplement 1.

Table. Crude Baseline Characteristics of the KYRBS Study Sample, 2008-2022

Characteristic

Prepandemic (2008-2019)
(n = 806212)

Intrapandemic (2020-2022)
(n=157432)

Total (2008-2022)
(N = 963 644)

Age, mean (SD), y
Grade
7-9 (Middle school)
10-12 (High school)

Sex

14.99 (1.75)

408 858 (50.7)
397354 (49.3)

15.09 (1.74)

84921 (53.9)
72511 (46.1)

15.01 (1.75)

493779 (51.2)
469 865 (48.8)

Male 414488 (51.4) 81209 (51.6) 495697 (51.4)

Female 391724 (48.6) 76223 (48.4) 467 947 (48.6)
BMI, mean (SD)

Underweight 64 640 (8.0) 12699 (8.1) 77 339 (8.0)

Normal 616778 (76.5) 108 746 (69.1) 725524 (75.3)

Overweight 65155 (8.1) 15648 (9.9) 80803 (8.4)

Obesity 59639 (7.4) 20339 (12.9) 79978 (8.3)
Smoking

Yes 62120(7.7) 7021 (4.5) 69141(7.2)

No 744092 (92.3) 150411 (95.5) 894503 (92.8)

Current alcohol use
Yes
No

Highest educational level of

parents
Middle school or lower

High school
College or higher
Unknown

Household economic level

145194 (18.0)
661018 (82.0)

11425 (1.4)

206840 (25.7)
374431 (46.4)
213516 (26.5)

17618 (11.2)
139814 (88.8)

335(0.2)
16809 (10.7)
71364 (45.3)
68924 (43.8)

162812 (16.9)
800832 (83.1)

11760 (1.2)

223649 (23.2)
445795 (46.3)
282440 (29.3)

High 62746 (7.8) 17352 (11.0) 80098 (8.3)
Middle-high 203064 (25.2) 45983 (29.2) 249047 (25.8)
Middle 383331 (47.6) 75751 (48.1) 459082 (47.6)
Middle-low 123246 (15.3) 15241 (9.7) 138487 (14.4)
Low 33825(4.2) 3105 (2.0) 36930(3.8)

School performance

High 96309 (12.0) 20194 (12.8) 116503 (12.1) Abbreviations: BMI, body mass index (calculated as
Middle-high 198391 (24.6) 39309 (25.0) 237700 (24.7) weight in kilograms divided by height in meters
Middle 225788 (28.0) 47931 (30.4) 273719 (28.4) squared); KYRBS, Korea Youth Risk Behavior Web-
. based Survey.
Middle-low 195328(24.2) 34964 (22.2) 230292 (23.9)
2 Data are presented as number (percentage) of
Low 90396 (11.2) 15034 (9.6) 105430(10.9)

participants unless otherwise indicated.
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Figure 3 and eTables 4 and 5 in Supplement 1 detail the factors associated with hand and oral
hygiene behavior. High school (ratio of OR, 1.19; 95% Cl, 1.11-1.28), female sex (ratio of OR, 1.56; 95%
Cl, 1.49-1.62), overweight (ratio of OR, 1.16; 95% Cl, 1.07-1.25), obesity (ratio of OR, 1.18; 95% Cl,
1.09-1.27), nonsmoking status (ratio of OR, 1.14; 95% Cl, 1.05-1.23), no alcohol consumption (ratio of
OR, 1.21; 95% Cl, 1.14-1.28), high school being the highest educational level of parents (ratio of OR,
1.10; 95% Cl, 1.04-1.16), middle-high household economic level (ratio of OR, 1.16; 95% Cl, 1.10-1.22),
middle household economic level (ratio of OR, 1.25; 95% Cl, 1.19-1.32), middle-low household
economic level (ratio of OR, 1.32; 95% Cl, 1.23-1.42), and low household economic level (ratio of OR,
1.34; 95% Cl, 1.20-1.49) along with middle-high school performance (reference, high: ratio of OR, 1.21;
95% Cl, 1.13-1.30), middle school performance (ratio of OR, 1.18; 95% Cl, 1.10-1.26), and middle-low
school performance (ratio of OR, 1.13; 95% Cl, 1.06-1.20) were associated with improvement in hand
hygiene behavior during the pandemic. Nonsmoking status (ratio of OR, 0.86; 95% Cl, 0.78-0.95)
along with middle (ratio of OR, 0.88; 95% Cl, 0.81-0.94), middle-low (ratio of OR, 0.81; 95% Cl,
0.75-0.87), and low (ratio of OR, 0.73; 95% Cl, 0.67-0.80) school performance, female sex (ratio of
OR, 0.92; 95% Cl, 0.88-0.97), and midle-low household economic level (ratio of OR, 0.88; 95% Cl,
0.81-0.97), were significantly associated with the risk of suboptimal oral hygiene during the
pandemic compared with the prepandemic period.

Figure 1. Age- and Sex-Standardized Interrupted Time Series Analysis of Hand and Oral Hygiene Practices
and the COVID-19 Pandemic Intervention Among Korean Adolescents, 2008-2022
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Discussion

Study Findings

To the best of our knowledge, this is the first nationwide, long-term study to examine the 15-year
trends in hand and oral hygiene using a data set of approximately 1 million South Korean adolescents.
In addition, this study also analyzed the factors associated with hand and oral hygiene. We found that
the estimated proportion of adolescents with an optimal level of handwashing decreased before the
COVID-19 pandemic. However, as the pandemic began, the proportion increased and then
subsequently decreased. Older age, female sex, nonsmoking status, current alcohol use, low
household economic level, and poor school performance were significant risk factors for poor hand
hygiene during the pandemic. Meanwhile, the estimated proportion of adolescents with good oral
hygiene decreased steadily during the past 15 years, and this decrease became more prominent
during the pandemic. Boys; nonsmokers; those with middle, middle-low, and low school
performance; those without high household economic level; and those with underweight,
overweight, or obesity had a higher risk of poor oral hygiene.

Figure 2. Adjusted and Weighted Odds Ratios (ORs) of Hand and Oral Hygiene Practices, 2020-2022 vs 2017-2019, by Sociodemographic Subgroups

@ Hand hygiene Oral hygiene
OR Elevated hand OR Lower oral
Subgroup (95% Cl) hygiene rate Subgroup (95% CI) hygiene rate
Overall 1.48 (1.44-1.52) L Overall 0.78(0.76-0.80) E
Grade Grade
7-9 1.40(1.35-1.46) - 7-9 0.77 (0.74-0.80) —-—
10-12 1.56 (1.50-1.63) - 10-12 0.78(0.75-0.82) .
Sex Sex
Male 1.28(1.23-1.32) - Male 0.80(0.77-0.83) —a—
Female 1.90(1.82-1.98) —— Female 0.75(0.71-0.79) ——
BMI BMI
Underweight 1.54(1.42-1.67) —— Underweight 0.74(0.67-0.82) —a—
Normal 1.48 (1.43-1.53) S Normal 0.79(0.76-0.82) ——
Overweight 1.48 (1.38-1.59) —— Overweight 0.78(0.72-0.85) —
Obese 1.45(1.36-1.54) —— Obese 0.74 (0.69-0.79) —a—
Smoking Smoking
Yes 1.41(1.28-1.55) —— Yes 0.79 (0.70-0.88) —a—
No 1.49 (1.44-1.53) E No 0.78(0.76-0.80) E
Current alcohol use Current alcohol use
Yes 1.44 (1.35-1.53) —— Yes 0.78(0.72-0.84) —a—
No 1.49 (1.44-1.53) - No 0.78(0.76-0.80) -
Highest educational level of parents Highest educational level of parents
Middle school or lower  1.84 (1.15-2.94) —_—a— Middle school or lower  1.27 (0.81-2.00) —_—
High school 1.68(1.57-1.79) —— High school 0.78 (0.72-0.84) ——
College or higher 1.45(1.40-1.51) - College or higher 0.77 (0.74-0.80) -
Household economic level Household economic level
High 1.26 (1.20-1.33) - High 0.78(0.72-0.86) —a—
Middle-high 1.44(1.38-1.51) - Middle-high 0.75(0.71-0.80) ——
Middle 1.57(1.52-1.63) - Middle 0.78(0.75-0.81) .
Middle-low 1.68(1.56-1.82) —— Middle-low 0.83(0.77-0.89) —
Low 1.53(1.33-1.76) —— Low 0.75(0.66-0.87) —a—
School performance School performance
High 1.33(1.25-1.40) —i— High 0.83(0.76-0.90) ol
Middle-high 1.47 (1.40-1.54) — Middle-high 0.81(0.76-0.86) —a—
Middle 1.55(1.49-1.62) - Middle 0.77 (0.73-0.81) ——
Middle-low 1.54 (1.46-1.62) —— Middle-low 0.76 (0.72-0.80) ——
Low 1.44 (1.34-1.55) —— Low 0.73(0.68-0.78) —a—
1.0 115 2‘.0 016 018 1.0
OR (95% Cl) OR (95% Cl)

BMI indicates body mass index (calculated as weight in kilograms divided by height in meters squared).
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Plausible Mechanism
This study indicated that the proportion of adolescents with good handwashing habits increased
remarkably after the advent of COVID-19. The hands are critical vectors for transmitting infectious
diseases.?®> However, previous research supports the idea that handwashing was not considered a
serious issue as it should have been.?* Throughout the pandemic, governments and health
organizations emphasized handwashing education not only for those who worked in the health
sector but also for the general public. Nationwide campaigns promoting handwashing appeared in
the daily news, print ads, and billboards, which likely led to a noticeable growth in interest in hand
hygiene. In addition, we found that various factors were associated with hand and oral hygiene
practices. Despite exposure to the same campaigns, the degree of health awareness may vary,
depending on individual circumstances and health literacy levels.?®

We observed that the proportion of adolescents exceeding the recommended guidelines for
toothbrushing decreased during the last 15 years, particularly during the pandemic. There are 2
possible explanations for this finding. First, during the pandemic, there were few campaigns related
to toothbrushing, unlike for hand hygiene. Adolescents may have been more likely to neglect their
oral health status than before, prioritizing the health of other organs that are directly linked to

Figure 3. Ratio of Odds Ratios (ORs) for the Association Between Hand and Oral Hygiene Practices and Sociodemographic Factors

@ Hand hygiene Oral hygiene
Ratio of OR Favors poor : Favors good Ratio of OR Favors poor | Favors good

Subgroup (95% Cl) hand hygiene @ hand hygiene Subgroup (95% Cl) oral hygiene @ oral hygiene
Grade Grade

7-9 1 [Reference] 7-9 1 [Reference]

10-12 1.19(1.11-1.28) = 10-12 1.14(1.04-1.24) -
Sex Sex

Male 1 [Reference] Female 1 [Reference]

Female 1.56 (1.49-1.62) | Male 1.09 (1.03-1.14) B
BMI BMI

Underweight 1 [Reference] Normal 1 [Reference]

Normal 1.07 (1.00-1.14) = Underweight 0.95 (0.88-1.03) E.

Overweight 1.16 (1.07-1.25) - _ Overweight 1.05 (0.98-1.12) s

Obese 1.18(1.09-1.27) Ll Obese 1.03 (0.97-1.09) =
Smoking Smoking

Yes 1 [Reference] Yes 1 [Reference]

No 1.14 (1.05-1.23) = No 0.86 (0.78-0.95) o
Current alcohol use Current alcohol use

Yes 1 [Reference] Yes 1 [Reference]

No 1.21(1.14-1.28) B . No 1.03(0.96-1.10) .
Highest educational level of parents Highest educational level of parents

College or higher 1 [Reference] High school 1 [Reference]

Middle school or lower ~ 1.13 (0.81-1.57) - College or higher 0.96 (0.90-1.03) £

High school 1.10 (1.04-1.16) B Middle school or lower ~ 1.17 (0.82-1.68) -
Household economic level Household economic level

High 1 [Reference] High 1 [Reference]

Middle-high 1.16 (1.10-1.22) s Middle-high 0.95 (0.87-1.03) -

Middle 1.25(1.19-1.32) B Middle 0.98 (0.90-1.06) =

Middle-low 1.32(1.23-1.42) B B Middle-low 1.13(1.03-1.24) =

Low 1.34(1.20-1.49) = . Low 1.10 (0.96-1.25) =
School performance School performance

High 1 [Reference] High 1 [Reference]

Middle-high 1.21(1.13-1.30) = - Middle-high 0.94 (0.87-1.01) 3 _l

Middle 1.18 (1.10-1.26) B Middle 0.88 (0.81-0.94) Y

Middle-low 1.13 (1.06-1.20) =, Middle-low 0.81(0.75-0.87) ==

Low 1.03 (0.96-1.09) = Low 0.73 (0.67-0.80) =

6 015 1‘.0 115 6 015 110 115
OR (95% Cl) OR (95% Cl)

For the non-reference values, blue indicates prepandemic data; orange indicates intrapandemic. BMI indicates body mass index (calculated as weight in kilograms divided by height
in meters squared).
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COVID-19. Studies on the association between toothbrushing and COVID-19 are scarce. Therefore,
there is a lack of strong guidelines related to toothbrushing. Nonetheless, the oral cavity may contain
pathogens that predispose individuals to viral infection, including COVID-19.2° Some studies have
concluded that poor toothbrushing may increase the risk of COVID-19.27-28 Second, COVID-19-
associated psychological distress may change oral health-related behaviors."2° Psychological
distress caused by depression,° loneliness, and suicidal ideation®' is known to be associated with a
lower frequency of toothbrushing. Because social isolation increased during the pandemic lockdown,
emotional distress increased, which may have negatively affected toothbrushing frequency.

Comparison With Previous Studies

Few studies examined the association of the pandemic with hand or oral hygiene, and these studies
were conducted in Nigeria,'®" Denmark,® and France.® These studies showed conflicting results and
a weak level of evidence because they were limited by small sample sizes, specific socioeconomic
status, inappropriate statistical models, or short trends. Moreover, these studies conducted analyses
over a wide age range. Importantly, we used a large population-based study with a data set that
spanned 15 years to produce a representative sample and visualize long-term trends. Although
another study conducted analyses over a wide range of ages, we focused specifically on adolescents
because the formation of healthy hand and oral hygiene habits is important during adolescence and
may subsequently be sustained into adulthood.>?

Policy Implications
Research has shown that although handwashing is a simple task for preventing the spread of
infectious diseases, people tend to underestimate its importance.* Because of the global endeavors
to raise awareness about hand hygiene during the pandemic, there has been a significant increase in
the frequency and quality of handwashing. We must ensure that this focus persists, even after the
end of the pandemic. During the pandemic, campaigns using short videos on social media, poster
advertisements, and mainstream television succeeded in promoting handwashing throughout the
country. A previous study suggested that the promotion of hygiene behavior helps improve health
outcomes and prevent the spread of infectious diseases.3* We should continue using platforms with
high accessibility to reinforce awareness of hand hygiene practices. In addition, to maintain high hand
hygiene adherence, the government should conduct training sessions on hand hygiene for
adolescents, install handwashing stations with sanitizers in school, and organize awareness sessions
for adolescents to help them understand the importance of preventing the spread of infections.3®
Unlike in hand hygiene, this study highlighted a decrease in the frequency of toothbrushing
among adolescents during the pandemic. Although research supports the association between
toothbrushing and COVID-19, there was a lack of oral hygiene promotion as a preventive approach to
COVID-19.36 The oral cavity is known to be a crucial site for SARS-CoV-2 replication’; however, the
microbial pathway explaining its association has not been resolved yet.>” Moreover, because the
transmission of COVID-19 occurs via droplets, it is crucial to keep the oral cavity clean with toothpaste
that contains antiviral properties, including stannous fluoride, chlorine dioxide, and
chlorhexidine.>®*! According to an official guideline provided by the Korean Academy of Preventive
Dentistry, it is recommended and safe to use toothpaste with antimicrobial properties 3 to 4 times
a day for both children and adults.*° Stannous fluoride is known to disrupt bacterial glycolysis and,
when combined with fluoride, acts to deter the buildup of dental plaque and calculus on the tooth's
surface.*? Toothbrushing at least twice a day should be more strongly encouraged by dental
professionals. We believe that oral hygiene should be regarded as an important approach for
preventing SARS-CoV-2 infection.

Strengths and Limitations
This study has several strengths. This is the first study, to our knowledge, to explore the long-term
trends of hand and oral hygiene behaviors among Korean adolescents and identify how the
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pandemic is associated with this trend. We used 15 consecutive years from a representative sample
of approximately 1 million respondents, which allowed for more comprehensive and elaborate
analyses. Before the onset of the pandemic, there were few trend studies on hand and/or oral
hygiene.*® This study enables us to explore trends before the COVID-19 pandemic because we
conducted analyses spanning 3 years during the pandemic and 12 years of the prepandemic era. In
addition to comparing the prepandemic and pandemic eras, this study also analyzed changes in
hygiene behaviors throughout the overall pandemic era until the year 2022. Furthermore, we found
that older age, current alcohol use, low household economic level, and poor school performance
increased the risk of poor hand hygiene. This study reinforces the notion of improving handwashing
campaigns that target those within the risk factor categories.

This study had a few limitations that need consideration. First, we used self-reported data to
assess the frequency of handwashing and toothbrushing, which may have introduced recall and
social desirability biases into our findings. Second, because the questionnaire responses regarding
hand hygiene behaviors were on a 4-point Likert scale, we did not use quantitative measurements for
hand hygiene behaviors. The responses may not have equal distances between them. Third, only
Korean adolescents were included in the study, and the observed trends may differ from the global
trends in toothbrushing and handwashing because the data reflect the socioeconomic context of
South Korea. Fourth, because we are still amidst the pandemic and this study included data until
2022, there is a need to monitor the later era of the pandemic and identify changes in toothbrushing
and handwashing habits.

Conclusions

We investigated the 15-year trends in frequency of handwashing and toothbrushing and its
associated factors using nationwide, large-scale data collected between 2008 and 2022. This study
revealed an immediate increase in handwashing frequency at the beginning of the pandemic and a
steady decrease thereafter. Meanwhile, oral hygiene practices did not show an immediate change
but gradually decreased during the pandemic. Hence, this study recommends continued promotion
of the importance of hygiene behaviors, even after the COVID-19 pandemic. Future studies should
investigate this trend in the later era of the pandemic and identify its underlying mechanisms.
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