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The need to understand subjective health has increased during the COVID-19 pandemic, given its
substantial impact on lifestyle habits and perceptions. Thus, this study aimed to investigate the trends
and association of subjective health with demographic and behavioral factors, primarily focusing on
the change when the COVID-19 pandemic emerged. This study used data from the Korea Youth Risk
Behavior Web-based Survey, comprising 1,190,468 adolescents aged 12-18 years (female, 48.49%).
We investigated the trends and association of subjective health with demographic and behavioral
factors from 2006 to 2023. A weighted linear regression and joinpoint regression were conducted

to evaluate the trend in adolescent subjective health, while logistic regression was used to assess
associated factors. A stratification analysis was performed for subgroups to determine variations
across different demographic and behavioral groups. The prevalence of reporting high subjective
health increased throughout the years before the COVID-19 pandemic; however, subjective health
exhibited a decreasing trend during the pandemic. Regarding demographic factors, female sex (ratio of
odds ratio [ROR], 0.85 [95% Cl, 0.83-0.87]), low-income households (ROR, 0.67 [95% Cl, 0.64—0.69]),
and low academic achievement (ROR, 0.83 [95% Cl, 0.81-0.85]) were associated with less likelihood

of reporting high subjective health. Healthier behavioral factors (ROR, breakfast consumption, 1.13
[95% Cl, 1.10-1.16]; sufficient fruit intake, 1.12 [95% Cl, 1.09-1.15]; sufficient physical activity, 2.02
[95% Cl, 1.95-2.09]) were associated with higher subjective health, and the disparities increased during
the COVID-19 pandemic. To address the observed decline in subjective health among adolescents
during the COVID-19 pandemic, targeted interventions aimed at promoting healthy behaviors among
particularly vulnerable demographics are crucial.
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Subjective health, an individual’s self-assessment of health status, provides valuable insights into self-perception,
mental health, and overall well-being, which can often differ significantly from objective health measures!.
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It encompasses unquantifiable aspects of health that could be often overlooked in conventional assessments
of overall well-being. Understanding subjective health became particularly relevant during the COVID-19
pandemic, substantially impacting adolescents’ lifestyles. The pandemic led to decreased physical activity,
increased screen time, and heightened social isolation, fundamentally altering adolescents’ daily routines and
health behaviors>?. Subjective health could be influenced by numerous factors, including lifestyle choices,
educational experiences, and socio-environmental conditions*. Therefore, it is essential to investigate which
factors are associated with high subjective health status and how these associations may have changed during the
COVID-19 pandemic. Identifying the key determinants of subjective health before and during the pandemic can
provide valuable insights for public health interventions and policies to improve public health’.

A healthy lifestyle includes activities and behaviors that enhance overall physical and mental fitness and
reduce the risk of major illnesses®. Such behaviors include regular exercise, a balanced nutritious diet, adequate
sleep, and abstaining from smoking. Numerous studies have found that a healthier lifestyle is associated
with objective health, including reduced risks of obesity-related diseases, non-alcoholic fatty liver disease,
cardiovascular disease risk, and type 2 diabetes”™’.

Adolescence represents a pivotal developmental period during which lifestyle habits are established and often
persist into adulthood, making it essential to understand how these habits influence subjective health during this
formative stage!”. Despite this importance, most previous research has focused on investigating subjective health
only in adults!!12. Therefore, this study aimed to identify the trend of subjective health status and its association
with lifestyle factors and mental health among adolescents. Additionally, we studied the potential impact of the
COVID-19 pandemic on adolescent subjective health to understand the changes associated with the pandemic.

Methods

Sample selection and data collection

This study utilized data collected through the Korea Youth Risk Behavior Web-based Survey (KYRBS) over 18
years, 2006-2023. The KYRBS is an anonymous survey conducted annually by the Korean Disease Control and
Prevention Agency to assess various health behaviors, including socioeconomic conditions, physical activity,
dietary behaviors, alcohol consumption, smoking status, and mental health, among Korean adolescents'>!%.

To ensure representative sampling, all middle and high schools nationwide were stratified based on urban,
suburban, and rural classifications. The sample maintained a 1:1 ratio of middle schools to high schools. Sample
schools were allocated based on urban/rural locations and sex compositions. In total, 800 sample schools
were selected nationwide, and the class information of these sample schools was registered to determine the
sample classes. A web-based survey at their schools recruited adolescents. Respondents with missing values
or incomplete responses were excluded, resulting in a final dataset of 1,190,468 adolescents for this study. The
KYRBS data were collected anonymously, and the study protocol received approval from the Institutional
Review Board of the Korean Disease Control and Prevention Agency (2014-06EXP-02-P-A). Additionally, the
study complied with the Population Health Promotion Act 19 (117058) as mandated by the Korean government.
All participants, or their parents or legal guardians in the case of minors, provided written informed consent,
and this study adhered to the tenets of the Declaration of Helsinki.

End points

This study investigated the trends in subjective health and its association with socio-demographic and behavioral
factors among South Korean adolescents. Considering that the first confirmed case of COVID-19 in South Korea
was reported in January 2020, the years from 2020 onwards were considered the pandemic period".

Subjective health status was assessed by asking, “How do you think your health status compares to your
friends?”. The answer options are as follows: ‘very healthy’; ‘healthy’; ‘average’; ‘unhealthy’; and ‘very unhealthy’
These answers were recategorized into three groups: ‘very healthy’ and ‘healthy’ as high subjective health,
‘average’ as middle subjective health, and ‘unhealthy’ and ‘very unhealthy’ as low subjective health. We compared
the trends and factors associated with high subjective health among Korean adolescents before and during the
COVID-19 pandemic.

Definition of covariates

The study variables included both socio-demographic and behavioral factors. Socio-demographic factors
included sex, grade (middle school [grades 7th -9th ] and high school [grades 10th -12th ]), body mass index
(BML underweight (<18.5 kg/m?), normal weight (18.5-22.9 kg/m?), overweight (23-25 kg/m?), and obese
(>25.0 kg/mz), academic achievement (high, middle, and low), and household income (high, middle, and
low). Behavioral factors included breakfast consumption (rarely, often, and usually), fruit intake (insufficient
and sufficient), physical activity (insufficient, moderate, and sufficient), sedentary behavior on weekdays
and weekends (rarely, often, and usually), perceived sleep sufficiency (sufficient, moderate, and insufficient),
frequency of brushing teeth (usually and rarely), alcohol consumption (no and yes), current smoking status (no
and yes), and stress levels (low, moderate, and high). All variables were based on self-reported data. Additional
detailed questionnaires and specific categorizations are provided in Supplementary Table 1.

Statistical analysis

This study analyzed KYRBS data to investigate the national trends in subjective health among adolescents during
the past 18 years, primarily focusing on the COVID-19 pandemic. The beta coefficients were analyzed using
linear regression to the trends of high subjective health before and during the pandemic®. Temporal trends in
subjective health were analyzed using joinpoint regression. This method allows for the detection of points where
statistically significant changes in trend occur over time. The average annual percentage change (AAPC) for
reporting high subjective health was calculated across three time periods: before the pandemic (2016-2019) and
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during the pandemic (2020-2023), and the overall study period (2006-2023). The joinpoint regression analysis
was conducted for the entire sample and stratified by demographical and behavioral variables for a comprehensive
exploration of trends across different population subgroups. To compare associations between high subjective
health and socio-demographic and behavioral factors before and during the COVID-19 pandemic, adjusted
and weighted odds ratios (ORs) were derived using binary logistic regression models. Weighted ORs with 95%
confidence intervals (CIs) were calculated after adjusting for the covariates. To assess the magnitude of OR
change before and during the pandemic, the ratio of the ORs (ROR) was utilized'¢. All analyses in this study
were performed via R software (version 4.3.2; R Foundation, Vienna, Austria) and Joinpoint Regression Program
(version 5.2.0; Statistical Methodology and Applications Branch, Surveillance Research Program, National
Cancer Institute). Statistical significance was set when a two-sided P-value was less than 0.05>16.

Results
This study consists of 1,190,468 adolescents (female, 48.49%) surveyed by the KYRBS between 2006 and 2023.
Table 1 shows the baseline characteristics of the study population.

Figure 1; Table 2 present the prevalence and trend of Korean adolescents who reported themselves as healthy,
mainly focusing on the COVID-19 pandemic. Before the COVID-19 pandemic, the prevalence of adolescents
reporting high subjective health increased from 61.46% (95% CI, 60.98 to 61.93) in 2006 to 69.98% (95% CI,
69.57 to 70.39) in 2019. This trend reversed with the outbreak of the COVID-19 pandemic; it showed a gradual
decrease from 69.63% (95% CI, 69.21 to 70.05) in 2020 to 63.13% (95% CI, 62.68 to 63.59) in 2022. However,
in 2023, near the end of the pandemic, the prevalence slightly increased to 64.37% (95% CI, 63.92 to 64.81).
Additionally, sex-specific trends indicate that male adolescents consistently reported higher subjective health
than females throughout the study period.

Table 3 presents the AAPC for high subjective health reporting analyzed through joinpoint regression
analysis. Before the COVID-19 pandemic, the total AAPC was 0.96 (95% CI, 0.75 to 1.24), indicating a steady
increase in subjective health. However, during the pandemic, the AAPC shifted to -2.51 (95% CI, -3.73 to -1.69),
signifying a decline. Stratified analysis by sex showed that males had an AAPC of 0.47 (95% CI, 0.14 to 0.87)
before the pandemic and —2.47 (95% CI, -3.61 to -1.72) during the pandemic. Females experienced a greater
decrease during the pandemic with an AAPC of -1.96 (95% CI, -2.80 to -1.30).

The association between socio-demographic and behavioral factors and high subjective health is depicted
in Table 4. Among socio-demographic factors, female sex (OR, 0.96 [95% CI, 0.96 to 0.96]; reference, male),
low academic achievement (OR, 0.96 [95% CI, 0.96 to 0.97]; reference, high), low household income (OR, 0.90
[95% CI, 0.89 to 0.90]; reference, high), and obesity (OR, 0.96 [95% CI, 0.95 to 0.96]; reference, underweight)
were associated with a lower likelihood of reporting high subjective health before the COVID-19 pandemic. The
pandemic contributes to a further decrease in subjective health among individuals with the following socio-
demographic factors: female sex (ROR, 0.85 [95% CI, 0.83 to 0.87]), low academic achievement (ROR, 0.83 [95%
CIL 0.81 to 0.85]), low household income (ROR, 0.67 [95% CI, 0.64 to 0.69]), and obesity (ROR, 0.78 [95% CI,
0.75 to 0.81]).

Regarding behavioral factors, regular breakfast consumption (usually; OR, 1.16 [95% CI, 1.13 to 1.19];
reference, rarely), sufficient fruit intake (sufficient; OR, 1.14 [95% CI, 1.11 to 1.17]; reference, insufficient),
and sufficient vigorous physical activity (sufficient; OR, 2.30 [95% CI, 2.22 to 2.38]; reference, insufficient)
were positively associated with high subjective health. During the pandemic, individuals with these behaviors
exhibited a stronger positive association with subjective health: breakfast consumption (ROR, 1.13 [95% CI,
1.10 to 1.16]), sufficient fruit intake (ROR, 1.12 [95% CI, 1.09 to 1.15]), sufficient vigorous physical activity
(ROR, 2.02; [95% CI, 1.95 to 2.09]), and alcohol consumption (ROR, 1.05; [95% CI, 1.01 to 1.09]). Conversely,
insufficient sleep (OR, 0.49 [95% CI, 0.48 to 0.51]; reference, insufficient), rarely brushing teeth (OR, 0.87 [95%
CI, 0.85 to 0.90]; reference, usually), and high-stress levels (OR, 0.28 [95% CI, 0.25 to 0.30]; reference, low)
were associated with a decreased likelihood of high subjective health, with this negative impact being more
pronounced during the pandemic: insufficient sleep (ROR, 0.55 [95% CI, 0.53 to 0.56]), rarely brushing teeth
(ROR, 0.89 [95% CI, 0.87 to 0.91]), and high-stress levels (ROR, 0.33 [95% CI, 0.31 to 0.36]).

Discussion

Key findings

This study analyzed 18-year trends in subjective health and its association with demographic and behavioral
factors using a nationally representative cohort of South Korean adolescents, including the COVID-19 pandemic
era, and yielded several key findings. The prevalence of adolescents reporting high subjective health increased
before the COVID-19 pandemic; however, this trend reversed during the early and mid-pandemic (2020-2022).
Subsequently, in the late-pandemic period (2023), it slightly increased. AAPC before the COVID-19 pandemic
showed consistent improvement in subjective health status, however, the decline observed during the COVID-19
pandemic in all demographic groups highlights the widespread impact of the global health crisis on perceived
health. Socio-demographic factors such as female sex, low academic achievement, low household income, and
obese BMI were consistently associated with a lower likelihood of reporting high subjective health. Conversely,
positive behavioral factors, such as regular breakfast consumption, sufficient fruit intake, sufficient physical
activity, sufficient sleep, usually brushing teeth, and low stress levels, were associated with higher subjective
health. These associations became more pronounced during the pandemic, suggesting that healthy lifestyle
choices may have offered resilience against its challenges.
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Variables Total Before pand During pandemic
Overall, n 1,190,468 975,950 214,518
Subjective health, n (%)

High 799,194 (67.13) | 658,319 (67.45) | 140,875 (65.67)
Middle 299,759 (25.18) 246,011 (25.21) 53,748 (25.06)
Low 091,515 (7.69) 071,620 (7.34) 19,895 (9.27)

Sex, n (%)

Male 613,153 (51.51) 503,239 (51.56) 109,914 (51.24)
Female 577,315 (48.49) 472,711 (48.44) 104,604 (48.76)

Grade, n (%)

Middle school (Grades 7-9)

611,415 (51.36)

496,026 (50.82)

115,389 (53.79)

High school (Grades 10-12)

579,053 (48.64)

479,924 (49.18)

099,129 (46.21)

Breakfast consumption, n (%)

Rarely (0-2 days per week)

355,726 (29.88)

272,084 (27.88)

83,642 (38.99)

Often (3-5 days per week)

274,314 (23.04)

217,058 (22.24)

57,256 (26.69)

Usually (6-7 days per week)

560,428 (47.08)

486,808 (49.88)

73,620 (34.32)

Fruit intake, n (%)

Insufficient (not every day)

754,680 (63.39)

599,040 (61.38)

155,640 (72.55)

Sufficient (every day)

435,788 (36.61)

376,910 (38.62)

58,878 (27.45)

Physical activity, n (%)

Insufficient (0-2 days per week)

778,868 (65.43)

638,932 (65.47)

139,936 (65.23)

Moderate (34 days per week)

243,071 (20.42)

201,632 (20.66)

41,439 (19.32)

Sufficient (5-7 days per week)

168,529 (14.16)

135,386 (13.87)

33,143 (15.45)

Sedentary behavior on weekdays

Rarely (0-2 h per day)

469,731 (40.12)

425,448 (44.32)

44,283 (21.01)

Often (2-4 h per day)

455,674 (38.92)

364,536 (37.97)

91,138 (43.23)

Usually (>4 h per day)

245,409 (20.96)

170,017 (17.71)

75,392 (35.76)

Sedentary behavior on weekends,

n (%)

Rarely (0-2 h per day)

244,986 (20.83)

221,433 (22.93)

23,553 (11.21)

Often (2-4 h per day)

405,165 (34.46)

351,352 (36.38)

53,813 (25.62)

Usually (>4 h per day)

525,706 (44.71)

393,001 (40.69)

132,705 (63.17)

Perceived sleep sufficiency, n (%)

Sufficient 314,119 (26.39) | 258,788 (26.52) | 55,331 (25.79)
Moderate 393,162 (33.03) | 322,149 (33.01) | 71,013 (33.10)
Insufficient 483,187 (40.59) | 395,013 (40.47) | 88,174 (41.10)

Frequency of brushing teeth, n (%

)

Usually

447,446 (37.59)

391,184 (40.08)

56,262 (26.23)

Rarely

743,022 (62.41)

584,766 (59.92)

158,256 (73.77)

Alcohol consumption, n (%)

No

973,014 (81.73)

782,685 (80.20)

190,329 (88.72)

Yes

217,454 (18.27)

193,265 (19.80)

24,189 (11.28)

Current smoking status, n (%)

No

1,083,058 (90.98)

877,882 (89.95)

205,176 (95.65)

Yes

107,410 (9.02)

98,068 (10.05)

9,342 (4.35)

Academic achievement, n (%)

High 437,957 (36.79) 357,192 (36.60) 80,765 (37.65)
Middle 334,736 (28.12) 270,224 (27.69) 64,512 (30.07)
Low 417,775 (35.09) 348,534 (35.71) 69,241 (32.28)
Household income, n (%)

High 401,802 (33.75) 314,597 (32.23) 87,205 (40.65)
Middle 563,062 (47.30) | 461,464 (47.28) | 101,598 (47.36)
Low 225,604 (18.95) 199,889 (20.48) 25,715 (11.99)
BMI, n (%)*

Underweight 284,503 (24.62) | 237,592 (25.10) | 46,911 (22.46)
Normal 605,598 (52.40) 506,139 (53.46) 99,459 (47.61)
Overweight 132,655 (11.48) 105,794 (11.17) 26,861 (12.86)
Obese 132,882 (11.50) | 097,219 (10.27) | 35,663 (17.07)
Continued
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Variables Total Before pandemic | During pandemic

Stress levels, n (%)

Low 34,594 (2.91) 27,774 (2.85) 6,820 (3.18)
Moderate 670,794 (56.35) | 544,096 (55.75) | 126,698 (59.06)
High 485,080 (40.75) | 404,080 (41.40) | 81,000 (37.76)

Table 1. Crude characteristics of South Korean adolescents, 2006-2023 (N =1,190,468). *According to the
Asian-Pacific guidelines, the BMI is divided into four groups: underweight (< 18.5 kg/m?), normal (18.5-

22.9 kg/m?), overweight (23.0-24.9 kg/m?), and obese (>25.0 kg/m?). KYRBS. Korea Youth Risk Behavior
Web-based Survey; BMI, body mass index.
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Fig. 1. The trend of high subjective health among South Korean adolescents by sex, 2006-2023. Abbreviations:
CI, confidence interval.

Comparison with previous studies

Previous studies have documented the importance of a healthy lifestyle for improving and maintaining physical
and mental health. However, many of these studies have been limited by relatively small sample sizes, such
as those conducted in Belgium (n=6,054)!7, South Korea (n=7,700)'%, and China (n=161,744)", leading at
times to inconclusive evidence and controversial findings. In contrast, our study utilized large, population-based
national data to examine trends and associated factors in self-rated health, offering more robust and generalizable
results. This approach provides a clearer understanding of the determinants of adolescent subjective health.

In comparison with previous studies, several investigations corroborate our main findings regarding the
detrimental impact of the COVID-19 pandemic on subjective health across diverse populations. Specifically, a
Polish study found that COVID-19 convalescents who experienced symptomatic manifestations exhibited a higher
propensity for developing nervousness, tension, and anxiety compared to those with milder symptomatology,
with female and younger participants demonstrating particular vulnerability to post-recovery psychological
distress?® Furthermore, a longitudinal cohort investigation of older individuals in England documented a
systematic deterioration in mental health and well-being, characterized by persistent socioeconomic inequities,
predominantly affecting women and non-partnered people?!. Moreover, research conducted in the Netherlands
established that lockdown measures exerted differential impacts on individuals with chronic conditions
and urban residents, resulting in diminished self-reported health status?’. These investigations collectively
substantiate our findings by elucidating how sociodemographic variables influenced the varying degrees of
subjective health deterioration across distinct population segments during the pandemic period.
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High subjective health trend,  (95% CI)

Variables Before the pandemic (2016-2019) | During the pandemic (2020-2023) | High subjective health differences, p difference (95% CI)*
Total 0.850 (0.645 to 1.055) -1.732 (-3.654 t0 0.189) -2.582 (-4.514 to -0.649)

Sex

Male 1.043 (0.835 to 1.252) -1.579 (-3.409 to 0.250) -2.623 (-4.465 to -0.781)

Female 0.655 (0.388 to 0.922) -1.874 (-3.886 to 0.139) -2.529 (-4.559 to -0.499)

Grade

Middle school (Grades 7-9)

1.055 (0.794 to 1.316)

-1.381 (-3.341 t0 0.579)

-2.436 (-4.413 to -0.458)

High school (Grades 10-12)

0.733 (0.548 t0 0.917)

-2.138 (-4.120 to -0.156)

-2.871 (-4.862 to -0.881)

Breakfast consumption

Rarely (0-2 days per week)

0.876 (0.664 to 1.088)

-1.647 (-3.881 to 0.587)

-2.523 (-4.767 to -0.279)

Often (3-5 days per week)

0.778 (0.590 to 0.965)

-1.663 (-3.719 to 0.393)

-2.441 (-4.505 to -0.377)

Usually (6-7 days per week)

1.021 (0.814 to 1.228)

-1.647 (-3.136 to -0.157)

-2.668 (-4.172 to -1.164)

Fruit intake

Insufficient (not every day)

0.977 (0.721 to 1.233)

-1.830 (-3.883 to 0.224)

-2.807 (-4.876 to -0.738)

Sufficient (every day)

1.049 (0.845 to 1.252)

-1.291 (-2.978 to 0.395)

-2.340 (-4.039 to -0.641)

Physical activity

Insufficient (0-2 days per week)

0.760 (0.551 to 0.969)

-2.584 (-4.446 to -0.723)

-3.344 (-5.218 to -1.471)

Moderate (3-4 days per week)

0.885 (0.755 to 1.014)

-2.462 (-4.562 to -0.361)

-3.346 (-5.451 to -1.242)

Sufficient (5-7 days per week)

0.731 (0.587 to 0.875)

-1.955 (-3.248 to -0.662)

-2.686 (-3.987 to -1.385)

Sedentary behavior on weekdays

Rarely (0-2 h per day)

0.796 (0.592 to 1.000)

-1.618 (-3.069 to -0.167)

-2.414 (-3.880 to -0.949)

Often (2-4 h per day)

0.958 (0.751 to 1.165)

-1.736 (-3.625 t0 0.153)

-2.694 (-4.594 to -0.794)

Usually (>4 h per day)

1.192 (0.886 to 1.497)

-1.980 (-4.660 to 0.700)

-3.172 (-5.869 to -0.474)

Sedentary behavior on weekends

Rarely (0-2 h per day)

0.645 (0.393 to 0.897)

-1.305 (-3.182 to 0.572)

-1.950 (-3.844 to -0.057)

Often (2-4 h per day)

1.029 (0.789 to 1.269)

-1.689 (-3.001 to -0.378)

-2.719 (-4.052 to -1.385)

Usually (>4 h per day)

0.850 (0.645 to 1.055)

-1.732 (-3.654 to 0.189)

-2.582 (-4.514 to -0.649)

Perceived sleep sufficiency

Sufficient 0.900 (0.687 to 1.113) -1.684 (-3.644 t0 0.276) -2.584 (-4.556 to -0.613)
Moderate 0.575 (0.395 t0 0.755) -2.035 (-3.523 to -0.548) -2.610 (-4.109 to -1.112)
Insufficient 1.304 (1.018 to 1.591) -1.455 (-3.382 to 0.472) -2.759 (-4.707 to -0.812)

Frequency of brushing teeth

Usually

0.712 (0.477 to 0.947)

-1.864 (-4.268 to 0.540)

-2.576 (-4.991 to -0.160)

Rarely

0.450 (0.223 to 0.677)

-1.912 (-3.966 to 0.142)

-2.362 (-4.429 to -0.295)

Alcohol consumption

No

0.900 (0.687 to 1.113)

-1.684 (-3.644 to 0.276)

-2.584 (-4.556 to -0.613)

Yes

0.575 (0.395 to 0.755)

-2.035 (-3.523 to -0.548)

-2.610 (-4.109 to -1.112)

Current smoking status

No

0.831 (0.651 to 1.012)

-1.316 (-3.046 to 0.415)

-2.147 (-3.887 to -0.407)

Yes

0.623 (0.398 to 0.848)

-2.216 (-3.906 to -0.525)

-2.839 (-4.544 to -1.133)

Academic achievement

High 1.033 (0.790 to 1.276) -1.767 (-3.098 to -0.436) -2.800 (-4.153 to -1.447)
Middle 0.772 (0.554 to 0.989) -1.591 (-3.866 to 0.684) -2.363 (-4.648 to -0.077)
Low 0.627 (0.428 to 0.826) -1.928 (-4.412 t0 0.556) -2.555 (-5.047 to -0.063)

Household income

High 0.745 (0.532 to 0.958) -1.907 (-3.441 to -0.374) 2652 (-4.201 to -1.104)
Middle 0.712 (0.477 to 0.947) -1.864 (-4.268 to 0.540) -2.576 (-4.991 to -0.160)
Low 0.450 (0.223 to 0.677) -1.912 (-3.966 to 0.142) -2.362 (-4.429 to -0.295)
BMI®

Underweight 1.304 (1.018 to 1.591) -1.455 (-3.382 to 0.472) -2.759 (-4.707 to -0.812)
Normal 0.831 (0.651 to 1.012) -1.316 (-3.046 to 0.415) -2.147 (-3.887 to -0.407)
Overweight 0.623 (0.398 to 0.848) -2.216 (-3.906 to -0.525) -2.839 (-4.544 to -1.133)
Continued
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High subjective health trend, g (95% CI)
Variables Before the pandemic (2016-2019) | During the pandemic (2020-2023) | High subjective health differences, p difference (95% CI)*
Obese 0.536 (0.341 to 0.730) -2.848 (-5.121 to -0.575) -3.384 (-5.665 to -1.103)
Stress levels
Low 0.536 (0.341 to 0.730) -2.848 (-5.121 to -0.575) -3.384 (-5.665 to -1.103)
Moderate 0.876 (0.664 to 1.088) -1.647 (-3.881 to 0.587) -2.523 (-4.767 to -0.279)
High 0.778 (0.590 to 0.965) -1.663 (-3.719 to 0.393) -2.441 (-4.505 to -0.377)

Table 2. National trends for reporting high subjective health among South Korean adolescents, 2016-2023.
*Estimated p was calculated using weighted linear regression and the difference of p (B ;,4) was conducted to
analyze the trend changes between before (reference) and during the COVID-19 pandemic. *According to the
Asian-Pacific guidelines, the BMI is divided into four groups: underweight (< 18.5 kg/m?), normal (18.5-
22.9 kg/m?), overweight (23.0-24.9 kg/m?), and obese (>25.0 kg/m?). BMIL, body mass index; CI, confidence
interval. Significant values are in [bold].

Plausible mechanisms

Before the COVID-19 pandemic, there was an increase in the percentage of adolescents reporting high
subjective health, potentially due to South Korea’s economic growth. Economic growth has been associated
with better nutrition, enhanced public health infrastructure, and more effective medical technology, leading to
improved public health?*?*. The steady increase in South Korea’s gross domestic product before the pandemic
likely contributed to the rising trend in subjective health. However, the COVID-19 pandemic led to a decline in
subjective health, likely due to reduced socialization opportunities from lockdowns and stay-at-home orders®.
Increased consumption of substances like alcohol and tobacco during the pandemic exacerbated this decline?*?’.
Remote learning and increased time at home disrupted regular routines, leading to more sedentary behavior and
a preference for quick, unhealthy foods over balanced meals?:.

The mechanisms underlying the decline in subjective health during the pandemic can be linked to the
interruption of positive health behaviors and routines. School closures and social distancing measures limited
access to healthy meals and physical activity opportunities provided by schools®. Increased screen time and lack
of structured schedules contributed to poor sleep hygiene and higher stress levels. The pandemic’s economic
impact disproportionately affected low-income families, exacerbating existing health disparities. Additionally,
the social isolation resulting from lockdowns had a profound effect on mental health, particularly among
adolescents who rely heavily on peer interactions for emotional support™®.

According to previous research, significant gender differences have been observed in physical activity, with
males more frequently meeting the World Health Organization’s guidelines, which recommend engaging in at
least 60 min of moderate-to-vigorous physical activity daily*!. Adequate physical activity is strongly associated
with lower stress levels and a healthier BMI, which may help explain the consistently lower subjective health
reported among adolescent females compared to males®>*.

Understanding these mechanisms is crucial for developing comprehensive policies that address both
immediate and long-term health challenges adolescents face. School-based nutritional programs, mental health
services, physical activity promotion, and economic policies supporting low-income families are necessary to
mitigate the adverse effects of such crises*’. Furthermore, the lower odds of females reporting high subjective
health, further reduced by the pandemic, suggest a need for sex-specific health interventions to address the
unique challenges faced by female adolescents.

Policy implications

Adolescence is a critical stage marked by significant physical and psychological changes, necessitating efforts
to promote mental health and well-being®. The decline in subjective health among adolescents during the
COVID-19 pandemic is alarming, requiring targeted policies to restore previous levels of subjective health,
particularly for those with vulnerable demographics®®. Key recommendations include implementing school-
based nutritional programs that provide healthy meals, promoting oral hygiene, encouraging physical activity
through school and community initiatives, enhancing access to mental health services and stress management
programs, promoting good sleep hygiene, and providing additional educational support such as tutoring and
mentoring to improve academic performance and health perceptions!'®*.

Strengths and limitations

This study has multiple strengths. First, we used large-scale, population-based, nationwide data on adolescents to
examine trends in subjective health before and during the COVID-19 pandemic. Second, despite the challenges
of collecting individual data during the COVID-19 pandemic, our analysis was based on data gathered through
non-face-to-face methods unaffected by the COVID-19 pandemic. Third, unlike objective health, subjective
health encompasses unquantified aspects of well-being, thereby broadening the scope of research.

However, this study has several limitations. First, the data were collected only from the South Korean
adolescent population, so the findings may not apply to other regions of the world due to cultural differences
and variations in countries’ responses to the COVID-19 pandemic. Large-scale international research is required
to find global associations between adolescents’ subjective health and the COVID-19 pandemic. Second, because
only adolescents attending school were allowed to participate, the sample might not represent all Korean youth
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AAPC during the pandemic, (95% CI)

Variables AAPC before the pandemic, (95% CI) (2006-2019) | (2020-2023) AAPC, (95% CI) (2006-2023)
Total 0.96 (0.75 to 1.24) -2.51 (-3.73 to -1.69) 0.13 (-0.15 to 0.38)

Sex

Male 0.47 (0.14 to 0.87) -2.47 (-3.61 to -1.72) 0.35 (0.10 to 0.60)

Female 0.90 (0.72 to 1.08) -1.96 (-2.80 to -1.30) -0.11 (-0.44 to 0.23)

Grade

Middle school (Grades 7-9)

1.00 (0.77 to 1.31)

-3.01 (-4.21 to -2.10)

0.13 (-0.14 to 0.40)

High school (Grades 10-12)

1.05 (0.83 to 1.37)

-2.75 (-3.95 to -1.72)

0.10 (-0.18 to 0.38)

Breakfast consumption

Rarely (0-2 days per week)

1.06 (0.83 to 1.38)

-2.56 (-3.71 to -1.70)

0.19 (-0.07 to 0.48)

Often (3-5 days per week)

0.99 (0.75 to 1.34)

-2.04 (-3.44 to -1.14)

0.26 (-0.04 to 0.57)

Usually (6-7 days per week)

1.23 (1.00 to 1.50)

-2.10 (-3.29 to -1.25)

0.44 (0.17 to 0.68)

Fruit intake

Insufficient (not every day)

1.13 (0.91 to 1.44)

-2.11 (-2.92 to -1.45)

0.36 (0.11 to 0.64)

Sufficient (every day)

1.23 (1.03 to 1.44)

-2.20 (-3.24 to -1.44)

0.41 (0.18 to 0.59)

Physical activity

Insufficient (0-2 days per week)

1.05 (0.83 to 1.37)

-3.64 (-4.90 to -2.68)

-0.07 (-0.38 to 0.20)

Moderate (3-4 days per week)

1.11 (0.87 to 1.35)

-3.20 (-4.02 to -2.34)

0.08 (-0.13 to 0.28)

Sufficient (5-7 days per week)

0.80 (0.67 to 1.01)

-2.03 (-2.77 to -1.49)

0.13 (-0.05 to 0.29)

Sedentary behavior on weekdays

Rarely (0-2 h per day)

0.90 (0.72 to 1.08)

-2.64 (-3.69 to -1.90)

0.06 (-0.18 to 0.22)

Often (2-4 h per day)

1.16 (0.95 to 1.46)

-2.15 (-3.29 to -1.36)

0.37 (0.11 to 0.63)

Usually (>4 h per day)

1.64 (1.21 to 2.58)

-2.34 (-5.66 to -0.71)

0.69 (0.02 to 1.48)

Sedentary behavior on weekends

Rarely (0-2 h per day)

0.63 (0.36 to 0.87)

-3.21 (-4.80 to -2.14)

-0.29 (-0.66 to -0.06)

Often (2-4 h per day)

1.07 (0.79 to 1.46)

-2.66 (-4.42 to -1.72)

0.18 (-0.24 to 0.51)

Usually (>4 h per day)

1.67 (1.37 to0 2.09)

-1.75 (-2.71 to -0.98)

0.85 (0.56 to 1.23)

Perceived sleep sufficiency

Sufficient 1.25 (1.11 to 1.44) -2.03 (-2.75 to -1.50) 0.47 (0.32 t0 0.63)
Moderate 1.16 (0.96 to 1.41) -2.32(-3.39 to -1.51) 0.33 (0.08 to 0.57)
Insufficient 0.67 (0.53 to 0.84) -3.16 (-3.80 to -2.77) -0.24 (-0.40 to -0.12)

Frequency of brushing teeth

Usually

0.91 (0.70 to 1.17)

-2.04 (-3.40 to -1.20)

0.21 (-0.12 to 0.46)

Rarely

0.98 (0.81 to 1.20)

-2.17 (-2.87 to -1.57)

0.23 (0.04 to 0.44)

Alcohol consumption

No

1.01 (0.79 to 1.33)

-2.59 (-3.94 to -1.71)

0.15 (-0.15 to 0.43)

Yes

0.61 (0.41 to 0.84)

-2.42 (-3.81 to -1.53)

-0.11 (-0.43 t0 0.12)

Current smoking status

No

0.94 (0.76 to 1.18)

-1.96 (-2.73 to -1.37)

0.25 (0.03 to 0.48)

Yes

0.68 (0.46 to 0.89)

-4.09 (-5.54 to -3.27)

-0.46 (-0.84 to -0.27)

Academic achievement

High 1.26 (1.10 to 1.49) -2.47 (-3.40 to -1.90) 0.37 (0.17 to 0.55)
Middle 0.83 (0.61 to 1.19) -1.89 (-3.12 to -1.12) 0.19 (-0.15 to 0.50)
Low 0.72 (0.47 to 1.04) -2.79 (-4.33 to -1.75) -0.12 (-0.45 t0 0.18)

Household income

High 0.86 (0.65 to 1.07) -2.73 (-3.49 to -1.90) 0.01 (-0.18 t0 0.19)
Middle 0.72 (0.52 to 0.98) -2.39 (-3.33 to -1.69) -0.02 (-0.29 to 0.23)
Low 0.48 (0.23 t0 0.76) -1.97 (-3.07 to -1.26) -0.10 (-0.46 to 0.18)
BMI”

Underweight 1.67 (1.44 to 1.95) -2.71 (-3.95 to -1.94) 0.62 (0.29 to 0.84)
Normal 0.96 (0.78 to 1.19) -1.86 (-2.93 to -1.17) 0.29 (0.04 to 0.49)
Overweight 0.59 (0.37 to 0.85) -2.44 (-3.46 to -1.76) -0.13 (-0.41 to 0.08)
Continued
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Variables

AAPC before the pandemic, (95% CI) (2006-2019)

AAPC during the pandemic, (95% CI)

(2020-2023)

AAPC, (95% CI) (2006-2023)

Obese

0.65 (0.32to 1.12)

-3.88 (-6.15 to -2.51)

-0.44 (-0.85 to -0.05)

Stress levels

Low 1.12 (0.90 to 1.49) -2.07 (-2.88 to -1.34) 0.36 (0.14 to 0.64)
Moderate 0.98 (0.77 to 1.32) -2.38 (-3.44 to -1.68) 0.18 (-0.06 to 0.44)
High 0.44 (0.21 to 0.73) -2.50 (-3.69 to -1.71) -0.26 (-0.59 t0 0.01)

Table 3. Average annual percentage change for reporting high subjective health among South Korean
adolescents, 2006-2023. “According to the Asian-Pacific guidelines, the BMI is divided into four groups:
underweight (< 18.5 kg/m?), normal (18.5-22.9 kg/m?), overweight (23.0-24.9 kg/m?), and obese (>25.0 kg/
m?). AAPC, Average annual percentage change; BMI, body mass index; CI, confidence interval. Significant
values are in [bold].

between the ages of 12 and 18 years. However, only approximately 1.8% of those between the ages of 12 and 18 do
not attend school in Korea. Third, a self-report questionnaire was used to collect information about adolescents’
subjective health, which may underestimate the prevalence of these issues due to reporting bias.

Conclusion

We examined 18-year trends in subjective health among South Korean adolescents by various socio-
demographic and behavioral factors using a large nationally representative dataset. Our study found that before
the pandemic, subjective health was steadily improving. However, during the pandemic, we observed a decline
in subjective health. In particular, adolescents who were female, from low-income households, and had low
academic achievement had lower subjective health, with disparities worsening during the pandemic. Conversely,
adolescents with healthy behavioral factors, such as regular breakfast consumption and sufficient physical
activity, had higher subjective health status before and during the COVID-19 pandemic. Our findings clearly
display the association between socio-demographic and behavioral factors on adolescent health disparities and
highlight the importance of developing policies to address health inequalities.
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Ratio of ORs (95% CI) during
Before the pandemic (2016- During the pandemic the pandemic compared to
2019) (2020-2023) before the pandemic (reference)
Weighted ratio of ORs
Variables Weighted OR (95% CI) | p-value | Weighted OR (95% CI) | p-value | (95% CI) p-value
Sex
Male 1 (ref) 1 (ref) 1 (ref)
Female 0.96 (0.96 to 0.96) <0.001 |0.81(0.79 to 0.83) <0.001 |0.85 (0.83 to 0.87) <0.001
Grade
Middle school (Grades 7-9) 1 (ref) 1 (ref) 1 (ref)
High school (Grades 10-12) 0.97 (0.96 to 0.97) <0.001 | 0.98 (0.96 to 1.00) 0.067 | 1.01(0.99 to 1.04) 0.295
Breakfast consumption
Rarely (0-2 days per week) 1 (ref) 1 (ref) 1 (ref)
Often (3-5 days per week) 1.00 (1.00 to 1.01) 0.784 1.02 (0.99 to 1.05) 0.171 1.02 (0.99 to 1.05) 0.197
Usually (6-7 days per week) 1.02 (1.02 to 1.03) <0.001 | 1.16 (1.13to 1.19) <0.001 | 1.13(1.10 to 1.16) <0.001
Fruit intake
Insufficient (not every day) 1 (ref) 1 (ref) 1 (ref)
Sufficient (every day) 1.02 (1.02 to 1.03) <0.001 | 1.14 (1.11 to 1.17) <0.001 | 1.12 (1.09 to 1.15) <0.001
Physical activity
Insufficient (0-2 days per week) | 1 (ref) 1 (ref) 1 (ref)
Moderate (34 days per week) 1.09 (1.08 to 1.09) <0.001 | 1.56 (1.52to 1.61) <0.001 | 1.44 (1.39to 1.48) <0.001
Sufficient (5-7 days per week) 1.14 (1.13 to 1.14) <0.001 | 2.30(2.22to 2.38) <0.001 | 2.02(1.95 to 2.09) <0.001
Sedentary behavior on weekdays
Rarely (0-2 h per day) 1 (ref) 1 (ref) 1 (ref)
Often (2-4 h per day) 1.00 (1.00 to 1.01) 0.232 1.04 (1.00 to 1.07) 0.030 1.03 (1.00 to 1.07) 0.048
Usually (>4 h per day) 0.99 (0.98 to 0.99) <0.001 | 0.99 (0.95t0 1.02) 0.450 1.00 (0.96 to 1.04) 0.956
Sedentary behavior on weekends
Rarely (0-2 h per day) 1 (ref) 1 (ref) 1 (ref)
Often (2-4 h per day) 1.01 (1.00 to 1.02) 0.001 1.07 (1.03 to 1.12) <0.001 | 1.06 (1.02 to 1.11) 0.005
Usually (>4 h per day) 0.99 (0.98 to 0.99) <0.001 | 0.98 (0.94 to 1.02) 0421 | 1.00(0.96 to 1.04) 0.831
Perceived sleep sufficiency
Sufficient 1 (ref) 1 (ref) 1 (ref)
Moderate 0.95 (0.95 to 0.96) <0.001 | 0.68 (0.66 to 0.70) <0.001 | 0.71 (0.69 to 0.74) <0.001
Insufficient 0.90 (0.89 to 0.90) <0.001 | 0.49 (0.48 to 0.51) <0.001 | 0.55 (0.53 to 0.56) <0.001
Frequency of brushing teeth
Usually 1 (ref) 1 (ref) 1 (ref)
Rarely 0.98 (0.98 to 0.98) <0.001 | 0.87 (0.85 to 0.90) <0.001 | 0.89 (0.87 to 0.91) <0.001
Alcohol consumption
No 1 (ref) 1 (ref) 1 (ref)
Yes 1.01 (1.01 to 1.02) <0.001 | 1.06 (1.02 to 1.10) 0.002 1.05 (1.01 to 1.09) 0.014
Current smoking status
No 1 (ref) 1 (ref) 1 (ref)
Yes 1.00 (1.00 to 1.01) 0.293 1.04 (0.98 to 1.11) 0.147 1.04 (0.98 to 1.10) 0.204
Academic achievement
High 1 (ref) 1 (ref) 1 (ref)
Middle 0.99 (0.98 to 0.99) <0.001 | 0.93 (0.91 to 0.96) <0.001 | 0.94 (0.92 t0 0.97) <0.001
Low 0.96 (0.96 to 0.97) <0.001 | 0.80 (0.78 to 0.82) <0.001 | 0.83(0.81 to 0.85) <0.001
Household income
High 1 (ref) 1 (ref) 1 (ref)
Middle 0.95 (0.94 to 0.95) <0.001 | 0.73 (0.71 to 0.75) <0.001 | 0.77 (0.75 to 0.79) <0.001
Low 0.90 (0.89 to 0.90) <0.001 | 0.60 (0.58 to 0.62) <0.001 | 0.67 (0.64 to 0.69) <0.001
BMI*
Underweight 1 (ref) 1 (ref) 1 (ref)
Normal 1.04 (1.04 to 1.05) <0.001 | 1.33(1.29t01.37) <0.001 | 1.27(1.24t01.31) <0.001
Overweight 1.03 (1.02 to 1.03) <0.001 |1.19(1.14to 1.23) <0.001 | 1.16 (1.11 to 1.20) <0.001
Obese 0.96 (0.95 to 0.96) <0.001 | 0.75 (0.72 to 0.77) <0.001 | 0.78 (0.75 to 0.81) <0.001
Stress levels
Low ‘ 1 (ref) ‘ ‘ 1 (ref) ‘ 1 (ref) ‘
Continued
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Ratio of ORs (95% CI) during
Before the pandemic (2016— During the pandemic the pandemic compared to
2019) (2020-2023) before the pandemic (reference)
Weighted ratio of ORs
Variables Weighted OR (95% CI) | p-value | Weighted OR (95% CI) | p-value | (95% CI) p-value
Moderate 0.95 (0.94 to 0.95) <0.001 | 0.53(0.49 to 0.58) <0.001 | 0.56 (0.52 to 0.61) <0.001
High 0.83 (0.82 to 0.83) <0.001 | 0.28 (0.25 to 0.30) <0.001 | 0.33(0.31 to 0.36) <0.001

Table 4. Adjusted and weighted odds ratios and ratio of odds ratios for the association between behavioral and

sociodemographic factors and high subjective health. *According to the Asian-Pacific guidelines, the BMI is
divided into four groups: underweight (< 18.5 kg/m?), normal (18.5-22.9 kg/m?), overweight (23.0-24.9 kg/
m?), and obese (>25.0 kg/m?). BMI, body mass index; CI, confidence interval; OR, odds ratio; ROR, ratio of

odds ratio. Significant values are in [bold].

Data availability

The data are available upon request. Study protocol and statistical code: Available from DKY (yonkkang@gmail.
com). Dataset: Available from the Korea Disease Control and Prevention Agency through a data use agreement.
Data from the Korea Youth Risk Behavior Web-based Survey can be accessed via the following link: https://ww
w.kdca.go.kr/yhs/.
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