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Abstract

:

(1) Background: The aim of this study was to evaluate the prevalence of obesity and metabolic syndrome since the COVID-19 pandemic outbreak utilizing representative data on youth aged 2–18 years from the Korean National Health and Nutrition Examination Surveys (KNHANES) conducted in 2019–2020. (2) Methods: The survey consists of three parts: health interviews, health examinations, and nutrition surveys. From the 2019 and 2020 surveys, 1371 (2–9 years = 702 and 10–18 years = 669) and 1124 (2–9 years = 543 and 10–18 years = 581) individuals were included in the analysis. (3) Results: The mean body mass index (BMI) increased significantly among youth aged 2–9 years from 16.53 kg/m2 in 2019 to 17.1 kg/m2 in 2020 (p < 0.01). In youth aged 10–18 years, the BMI was found to increase slightly from 21.25 kg/m2 in 2019 to 21.41 kg/m2 in 2020 (p = 0.64). The increasing prevalence of extreme obesity was significant in girls, especially those aged 2–9 years (p < 0.01). However, extreme obesity had increased in 10–18-year-old boys (p = 0.08). The overall prevalence of metabolic syndrome in adolescents increased from 3.79% to 7.79% during the COVID-19 pandemic (p = 0.01). (4) Conclusions: We observed that the prevalence of obesity and metabolic syndrome among children and adolescents has increased after the COVID-19 outbreak. This is believed to be associated with an increase in the rate of early comorbidities in adulthood. The prevention of the progression of pediatric obesity has recently become an urgent public health concern in Korea.
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1. Introduction


In December 2019, the coronavirus infection (COVID-19) was first confirmed in Wuhan, China and spread rapidly worldwide. On 11 March 2020, the World Health Organization declared the COVID-19 infection a pandemic. Since the COVID-19 outbreak, there have been many lifestyle changes [1]. The government mandated several policies to prevent contact among people, resulting in families spending more time at home. Online schooling started on 9 April 2020 for the first time in Korea due to the need for social distancing. Private gatherings were limited, and the business hours of malls and restaurants were reduced, while outdoor activities were also restricted [2]. Isolation plays a crucial role in preventing the transmission of the virus and facilitating recovery for individuals who have contracted COVID-19 [3].



As children and adolescents spent more time at home in online classes, their physical activities and eating behaviors also changed to avoid outdoor activities. This led to an increase in the consumption of delivery food, fast food, snacks, and high-calorie foods, as well as an increase in the time spent eating alone [4]. Furthermore, children of low socioeconomic status often lack access to a healthy diet, including fruits, vegetables, and whole-grain foods that are typically provided during the school years. Because vitamin D plays a crucial role in bone formation and mineralization, its deficiency in children can lead to the development of various diseases [5]. A balanced and healthy diet can supply adequate amounts of water, antioxidants, and fiber, all of which play a role in regulating risk factors associated with COVID-19 complications such as diabetes, hypertension, and weight gain [6]. These factors lead to imbalance in nutritional intake, reduced physical activity, and increased depression and stress called the corona blues, resulting in an accelerated weight gain in a short time. During the COVID-19 outbreak, 56.7% of school-aged children in Korea experienced weight gain [7].



Obesity is a major risk factor for metabolic syndrome (MetS), thereby increasing the non-alcoholic fatty liver disease (NAFLD) and cardiovascular disease, which can persist into adulthood [8]. The percentage of children affected by obesity has increased from 5% from 1963 to 1965 to 19% from 2017 to 2018 in the US. Between 2019 and 2021, the COVID-19 pandemic significantly affected overweight and obesity in children and adolescents [9]. The prevalence of MetS has increased in the last decade according to the increasing trend of childhood and adolescent obesity [10,11]. The COVID-19 pandemic has been a trigger to accelerate the increase [4,8]. Thus, efforts should be focused on preventing and reducing obesity in children and adolescents as a public health initiative [12].



Subjective surveys on lifestyle changes and weight gain after the COVID-19 outbreak have been conducted in Korea. However, few studies have been conducted on the prevalence of childhood obesity and MetS using objective body mass index (BMI) data and MetS components. Kim et al. reported that the prevalence of overweight and obesity among children aged 2 to 18 years in the KNHANES increased from 17.9% in 2001 to 18.6% in 2017 [11]. However, until now, there have been single-center studies on the prevalence of obesity and MetS components before and after the COVID-19 outbreak, but there has been no research yet on large-scale representative data for Korean children and adolescents [13,14].



Therefore, we aimed to investigate the prevalence of obesity and MetS before and during the COVID-19 pandemic outbreak employing representative data on youth aged 2–18 years from Korean National Health and Nutrition Examination Surveys (KNHANES) conducted from 2019–2020.




2. Materials and Methods


2.1. Data Sources and Study Subjects


The data for this study were obtained from the 2019 and 2020 KNHANES conducted by the Korea Centers for Disease Control and Prevention (KCDC). These are cross-sectional survey data representative of the country. The KNHANES targets non-institutionalized Korean citizens residing in Korea, and sampling follows a multistage, clustered probability design. The survey consists of three parts: health interviews, health examinations, and nutrition surveys. Detailed information on KNHANES has been published elsewhere [15]. In the 2019 and 2020 surveys, 1449 and 1174 individuals aged 2–18 years participated in the survey, respectively, of whom those who participated in health interviews (questionnaires on household income, parental education, physical activity, stress status, smoking, etc.) and health examinations (body measurements, blood pressure, laboratory tests, etc.) were included in this study. Thus, from the 2019 and 2020 surveys, 1371 (2–9 years = 702 and 10–18 years = 669) and 1124 (2–9 years = 543 and 10–18 years = 581) individuals aged 2–18 years were included in the analysis, respectively (Figure 1).




2.2. Definition of Study Variables


Body mass index was calculated by dividing the measured body weight (kg) in kilograms by height in meters squared (m2). Based on sex- and age-specific percentiles of BMI, the BMI status was defined as normal (<85th percentile), overweight (85–94th percentile), obesity (≥95th percentile), and extreme obesity (≥99th percentile). Classification was based on the 2017 Korean Children and Adolescent National Growth Charts [16].



Physical activity, smoking, stress, and sleep time were the lifestyle behaviors considered in this study. Subjects who performed physical activity for more than 60 min daily in the past 7 days were defined as the regular physical-activity group [17]. Subjects who performed muscle training for more than 2 days a week were defined as the regular-strength training group [18]. The average daily sedentary time was also determined. For sleep time, the average time of weekdays was used, excluding that of weekends. Adolescent smoking was defined as any use within the past 30 days [19]. Subjects who responded that they felt a lot of stress in their daily lives were defined as the recognizing-stress group. All these parameters were surveyed in subjects 12 years of age and older. Consumption of soft drinks and sports drinks was investigated in the 2019–2020 survey. The frequency of intake per week was calculated by considering the frequency and the average amount of intake per serving and was categorized according to whether these drinks were consumed more than 3 times a week [20]. We also considered dietary supplement use, which surveyed whether dietary supplement intake had occurred in the past 2 weeks.



For the daily nutritional intake of macronutrients, including total energy intake, we employed data from 24-h recall surveys. Excessive caloric intake for sex and age was defined based on the 2015 Dietary Reference Intakes for Koreans [21].




2.3. Definition of Metabolic Syndrome


Serological tests were performed on subjects aged 10 years and older. Therefore, in this study, MetS was defined for children aged 10–18 years when three or more of the following criteria were met: waist circumference (WC) ≥ 90th percentile for sex and age, systolic blood pressure (BP) or diastolic BP ≥ 90th percentile for sex, age, and height, fasting blood glucose (FBG) ≥ 100 mg/dL, triglycerides (TG) ≥ 110 mg/dL, and high-density lipoprotein-cholesterol (HDL-c) < 40 mg/dL. Elevated WC and elevated BP were defined based on the 2007 Korean Children and Adolescent National Growth Charts [22]. BP was measured three times in a sitting position, and the average of the secondary and tertiary measurements was used. Serological indicators were evaluated according to the above-mentioned criteria only when the fasting time was 8 h or more. Furthermore, a continuous metabolic syndrome (cMetS) score was calculated based on the metabolic components mentioned above employing the z-score method. The five key metabolic syndrome variables are used in the calculation of the score [23]. A higher score indicates a higher risk for metabolic syndrome, while a lower score indicates a normal metabolic status. To detect changes, the cMetS values of the study subjects in 2020 were calculated utilizing the mean and standard deviation information on the metabolic components of the subjects in 2019. A high cMetS score indicates an unfavorable metabolic health status [24].




2.4. Statistical Analysis


Data analyses were conducted employing SAS version 9.4 (SAS Institute, Cary, NC, USA). All statistical analyses were performed based on the multistage complex sampling survey design of the KNHANES. Based on the raw data usage guidelines provided by KCDC, ‘wt_itvex’ was basically used as a weight variable, and ‘wt_tot’ was used to calculate estimates for eating behavior and dietary intake. Summary statistics are presented as weighted means with 95% confidence intervals (CIs) for numeric variables and unweighted frequencies with weighted percentages for nominal variables. A general linear model for numeric variables and Rao–Scott Chi-square tests for nominal variables were used to analyze differences in basic characteristics, lifestyle behaviors, BMI status, and MetS components before and after the COVID-19 pandemic outbreak. The difference in the prevalence of MetS components before and after the outbreak was evaluated by sex. Additionally, differences in dietary nutrition and lifestyle factors were evaluated separately according to MetS before and after the COVID-19 outbreak. Additionally, we estimated crude and adjusted odds ratios for potential risk factors associated with metabolic syndrome with p < 0.1 in univariate analysis. Statistical significance was set at p < 0.05, using a two-tailed test.





3. Results


3.1. Comparison of Changes in Basic Characteristics of Study Subjects before and after the COVID-19 Pandemic Outbreak


Table 1 shows the differences in the characteristics of the study subjects in 2019 and 2020 before and after the COVID-19 outbreak. No differences in demographic characteristics were observed between 2019 and 2020. The mean BMI increased significantly among youth aged 2–9 years from 16.53 kg/m2 in 2019 to 17.1 kg/m2 in 2020 (p < 0.01). In youth aged 10–18 years, the BMI was found to increase slightly from 21.25 kg/m2 in 2019 to 21.41 kg/m2 in 2020 (p = 0.64).



There was no significant difference in physical activity, stress, and sleep time as lifestyle behaviors before and after the COVID-19 outbreak. In terms of nutritional factors, the overall energy intake at the age of 10–18 years decreased significantly from 2016.15 kcal in 2019 to 1910.08 kcal in 2020. However, no significant difference was observed in the intake of other macronutrients.



Among children aged 2–9 years, the prevalence of obesity increased in 2020 compared to 2019, with a notable increase observed among girls (p < 0.01). Among adolescents aged 10–18 years, there was no overall increase in the prevalence of obesity. However, an increase in the prevalence of severe obesity was observed, specifically among boys aged 10–18 years. (p < 0.08) (Figure 2).




3.2. Comparison of Changes in MetS Components before and after the COVID-19 Outbreak


Among the MetS components, diastolic BP, TGs, and HDL-c showed significant changes in youth aged 10–18 years. Diastolic BP increased from 66.78 mmHg to 68.56 mmHg (p = 0.02), while the TG value increased from 75.52 mg/dL to 83.97 mg/dL (p < 0.01). The mean HDL-c decreased from 52.62 mg/dL to 51.42 mg/dL (p = 0.09) (Table 2). In this regard, it was found that the change in the prevalence of MetS significantly increased from 3.79% to 7.79% since the COVID-19 outbreak (p = 0.01). There was no significant difference in the prevalence of MetS according to the BMI categories (Figure 3), but a higher obesity level and higher prevalence of MetS was consistently observed since the COVID-19 pandemic outbreak. The WC of 6–9-year-old children increased significantly from 57.67 cm in 2019 to 59.04 cm in 2020 (p = 0.05). The proportion of abdominal obesity (WC ≥ 90th percentile) of 6–9-year-old children also increased from 12.08% in 2019 to 17.23% in 2020, showing borderline significance (p = 0.09).




3.3. Comparison of Changes in Metabolic Syndrome Components before and after the COVID-19 Pandemic Outbreak by Sex


Table 3 shows a comparison of the MetS components before and after the COVID-19 pandemic outbreak according to sex. The WC of boys aged 10–18 years increased from 75.03 cm in 2019 to 76.27 cm in 2020 (p = 0.22), and the proportion of abdominal obesity also increased significantly from 12.52% to 19.83% (p = 0.02). The prevalence of MetS increased significantly from 4.58% to 9.47% in boys (p = 0.02). Systolic BP increased slightly from 105.20 mmHg to 106.12 mmHg (p = 0.34), whereas diastolic BP increased significantly from 65.91 mmHg to 68.29 mmHg in girls (p = 0.02). In the 10–18-year-old age group, TG values increased from 74.92 mg/dL in 2019 to 87.9 mg/dL in 2020 in girls but not in boys (p < 0.01 in girls, p = 0.23 in boys). HDL-c level decreased from 54.57 mg/dL in 2019 to 52.61 mg/dL in 2020, with a borderline significance level in girls (p = 0.07). The mean WC and prevalence of abdominal obesity in boys and girls aged 6–9 years, respectively, increased in 2020 compared to 2019 but not significantly.




3.4. Differences in Candidate Risk Factors According to Metabolic Syndrome


Analysis of data from KNHANES 2019–2020 used to compare the nutrition and lifestyle components between normal and MetS groups in youth aged 12–18 years revealed significant differences in paternal education, sports-drink intake, and proportion of carbohydrate intake (Table 4). In 2019, before COVID-19, the level of paternal education was significantly lower in the MetS group than in the normal group (p < 0.01). In 2020, during the COVID-19 pandemic, the level of paternal education was only slightly lower in the MetS group (p = 0.26). Sports- drink intake, which was investigated since 2019, was significantly higher in the MetS group (p < 0.01).



We conducted an analysis using odds ratios (OR) to confirm whether there were real differences in paternal education, sports-drink intake, and the proportion of carbohydrate intake. The results of the analysis showed that there was a significant association between a carbohydrate intake greater than 65% and metabolic syndrome both before and after COVID-19. Furthermore, we found a significant association between paternal education level before COVID-19 and sports-drink intake during COVID-19, as shown in Table 5.





4. Discussion


This is the latest study to investigate the difference in the prevalence of obesity and MetS before and after the COVID-19 pandemic outbreak using data from KNHANES 2019–2020, focusing on children and adolescents. Previous studies have examined the prevalence of obesity and MetS in pediatric populations. The overall prevalence of childhood obesity has slightly increased since the early 2000s; however, the proportion of extreme obesity has increased significantly in youth aged 10–18 years, especially among boys. The prevalence of extreme obesity in Korean youth has ranged from 3.8% to 7.7% in several studies [10,24,25]. In this study, obesity increased significantly in those aged 2–9 years, while extreme obesity increased in girls aged 2–9 years and boys aged 10–18 years. Adolescents with severe obesity are more vulnerable to metabolic syndrome than adolescents with less severe obesity [26]. Moreover, childhood obesity can lead to adulthood obesity and various cardiovascular, metabolic, and psychosocial complications [27].



When lifestyle habits and nutritional status before and after the COVID-19 pandemic were compared, significant differences were observed only in paternal education, consumption of sports drinks, and the proportion of carbohydrate intake in this data. However, there were no significant differences in other factors such as sleep time, physical activities, and sedentary time. In another study, it has been reported that sleep duration decreased by 0.05 h on average during the COVID-19 pandemic among Korean adolescents [28]. Contrary to these findings, studies in Italy, Spain, Greece, and China reported that children slept more during the COVID-19 lockdown [29]. South Korea did not enforce a nationwide “shut down” measure, except on a localized and temporary basis. For instance, in areas with high incidence rates such as Daegu, South Korea, residents were advised to stay at home and avoid leaving their residences for a minimum of two weeks [30].



The prevalence of MetS has increased in the last decade in accordance with obesity trends [31,32]. The prevalence of MetS was stable in Korean children from 1998 to 2005. The prevalence of MetS was 4.5% in 2007–2009, 3.9% in 2010–2012, 4.1% in 2013–2015, and 6.2% in 2016–2018 in KNHANES [33]. We found that the prevalence of MetS in 2020 increased to 7.8%. The prevalence of obesity showed a parallel increasing trend to that of MetS [33]. We identified a detrimental progression in MetS components, such as WC, systolic BP, diastolic BP, low-density lipoprotein-cholesterol, TGs, FBG, and HDL-c after the COVID-19 outbreak [26]. In boys, an overall increasing tendency was observed in the prevalence of MetS, with elevated WCs after the COVID-19 outbreak. In contrast, the overall prevalence of MetS did not change in girls, despite an increased mean TG level and diastolic BP.



Due to social distancing, schools were closed, and online classes led to teenagers staying home for a long time without going out. As time spent at home increased, screen time increased, and eating behaviors also changed, with increased fast food, snack, and high-calorie food intake [1]. The significant increase in obesity at a younger age after the COVID outbreak is an important public health concern, as future metabolic complications may appear earlier [7]. Moreover, younger ages of onset of obesity mean longer durations, thereby affecting MetS in adolescence [33,34]. Once obesity has developed, reverting to a normal weight status becomes challenging. Therefore, it is crucial to focus on preventing obesity from a young age. The early and accurate intervention in obesity and comorbidities is fundamental to improve health and quality of life in adults.



Unfavorable lifestyle behaviors likely lead to an increased risk of MetS in adult populations [35]. Risk factors related to MetS in this study included the degree of paternal education and the intake of soft and sports drinks and carbohydrates. Soft and sports drinks are high in calories, thereby contributing to obesity [36]. In Korea, a national survey on the frequency of beverage intake conducted in 2019 revealed a similar result [37].



There are several limitations to our study. Since this study was based on KNHANES data, nutritional details, such as vitamin, folic acid, and zinc levels, were not included. However, these details must be included in further evaluations due to their relationship with cardiovascular disease, bone mineralization, and MetS [25]. Although KNHANES is a large-scale survey, information is not collected equally for all subjects for each survey index. For example, blood tests were conducted only for those aged ≥ 10 years, and WC was measured only for those aged ≥ 6 years; thus, results at younger ages are incomplete. Thus, while KNHANES is utilized to evaluate relevance by cross-sectional examination, it is inadequate to assess causality. Although KNHANES offers representative data, the number of children and adolescents is not large. Therefore, it is necessary to confirm the results of this study through subsequent research.



The body fat percentage may be very different even if the BMI is the same, and the amount of fat mass increases the risk of MetS independently of BMI [31]. Moreover, a low muscle mass increases the risk of MetS in adolescents [38]. Therefore, we speculate that more meaningful results may be obtained if the percentage of body fat mass is studied as an indicator of obesity. In the KNHANES data, the body fat mass was measured by dual energy X-ray absorptiometry until 2011, and subsequent data were not available.



The strength of this study is that it presents the most recent and large sample number at the national level; thus, data reliability is high. In this study, representative objective data were used to investigate obesity and MetS in children and adolescents. Although many subjective surveys on weight gain have been performed since the COVID-19 outbreak, no studies in Korea have used objective indicators of BMI and MetS components. Furthermore, we evaluated the changes in the prevalence of obesity, MetS, and various health and lifestyle behaviors in children and adolescents. Preventing the progression of obesity to MetS in youth has become an urgent public health concern in Korea.




5. Conclusions


In conclusion, the prevalence of obesity and MetS among children and adolescents has increased after the COVID-19 outbreak and is possibly associated with reduced physical activity due to social distancing. Specifically, the increase in mean BMI and abdominal obesity among those aged 2–9 years could translate into a future health burden in Korea. Childhood obesity has significant implications for the development and progression of metabolic diseases throughout an individual’s lifespan. Therefore, it is important to pay attention to the lifestyle of obese youth and monitor childhood obesity and MetS closely.




6. Recommendation


Pediatricians need to devise detailed strategies to prevent and manage obesity in collaboration with experts in various healthcare fields. Early intervention and prevention strategies can reduce the long-term burden of obesity and metabolic complication. A well-balanced diet with proper protein intake should be emphasized. As vitamin D deficiency is an associated risk factor of MetS, vitamin D consumption should be encouraged [39,40].







Author Contributions


Conceptualization, J.E.C., S.W.P., H.S.K. and H.A.L.; methodology, H.A.L.; software, J.E.C., H.S.K. and H.A.L.; validation, J.E.C., H.S.K. and H.A.L.; formal analysis, J.E.C. and H.A.L.; investigation, J.E.C., S.W.P., H.S.K. and H.A.L.; resources, J.E.C., S.W.P., H.S.K. and H.A.L.; data curation, J.E.C., S.W.P., H.S.K. and H.A.L.; writing—original draft preparation, J.E.C., S.W.P., H.S.K. and H.A.L.; writing—review and editing, S.W.P., H.S.K., H.P., J.H.L. and J.W.L.; visualization, J.E.C., J.H.L. and J.W.L.; supervision, H.S.K., H.P. and H.A.L.; project administration, J.E.C. and J.H.L. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Ethical approval for the use of open KNHANES data was waived by the Institutional Review Board Committee of the Ewha Womans University Hospital (IRB no. 2022-03-022) on 6 April 2022.




Informed Consent Statement


Patient consent was waived because the study used previously collected deidentified national data stored in KNHANES.




Data Availability Statement


Data supporting reported results can be found via publicly available datasets (https://knhanes.kdca.go.kr/knhanes/sub03/sub03_02_05.do (accessed on 14 February 2022).




Conflicts of Interest


The authors have no conflict of interest relevant to this article.




References


	



Sanyaolu, A.; Okorie, C.; Marinkovic, A.; Patidar, R.; Younis, K.; Desai, P. Comorbidity and its impact on patients with COVID-19. SN Compr. Clin. Med. 2020, 2, 1–8. [Google Scholar] [CrossRef] [PubMed]

	



Lim, S.; Lim, H.; Despres, J.P. Collateral damage of COVID-19 pandemic on nutritional quality and physical activity: Perspective from South Korea. Obesity 2020, 173, 767–770. [Google Scholar] [CrossRef] [PubMed]

	



Kim, W.Y.; Kim, K.M.; Kim, Y.K.; Kum, M.S.; Kwon, H.T.; Han, M.S.; Lee, H.; Choi, E.H. Limited Benefit of Facility Isolation and the Rationale for Home Care in Children with Mild COVID-19. J. Korean Med. Sci. 2021, 36, e45. [Google Scholar] [CrossRef]

	



Kim, E.S.; Kwon, Y.; Choe, Y.H.; Kim, M.J. COVID-19-related school closing aggravate obesity and glucose intolerance in pediatric patients with obesity. Sci. Rep. 2021, 11, 5494. [Google Scholar] [CrossRef] [PubMed]

	



Kang, H.M.; Jeong, D.C.; Suh, B.K.; Ahn, M.B. The Impact of the Coronavirus Disease-2019 Pandemic on Childhood Obesity and Vitamin D Status. J. Korean Med. Sci. 2021, 36, e21. [Google Scholar] [CrossRef] [PubMed]

	



Sara, A.R.; Raslan, M.; Shehata, E.M.; Sabri, N.A. Impact of Applied Protective Measures of COVID-19 on Public Health. Acta Sci. Pharm. Sci. 2021, 5, 63–72. [Google Scholar]

	



Storz, M.A. The COVID-19 pandemic: An unprecedented tragedy in the battle against childhood obesity. Clin. Exp. Pediatr. 2020, 63, 477–482. [Google Scholar] [CrossRef]

	



Hampl, S.E.; Hassink, S.G.; Skinner, A.D.; Armstrong, S.C.; Barlow, S.E.; Bolling, C.F.; Edwards, K.C.A.; Eneli, I.; Hamre, R.; Joseph, M.M.; et al. Clinical Practice Guideline for the Evaluation and Treatment of Children and Adolescents with Obesity. Pediatrics 2023, 151, e202206040. [Google Scholar] [CrossRef]

	



Ebbeling, C.B.; Pawlak, D.B.; Lugwig, D.S. Childhood obesity: Public-health crisis, common sense cure. Lancet 2002, 360, 473–482. [Google Scholar] [CrossRef]

	



Nam, H.K.; Kim, H.R.; Rhie, Y.J.; Lee, K.H. Trends in the prevalence of extreme obesity among Korean children and adolescents from 2001 to 2014. J. Pediatr. Endocrinol. Metab. 2017, 30, 517–523. [Google Scholar] [CrossRef]

	



Kim, J.H.; Moon, J.S. Secular Trends in Pediatric Overweight and Obesity in Korea. J. Obes. Metab. Syndr. 2020, 29, 12–17. [Google Scholar] [CrossRef] [PubMed]

	



Tagi, V.M.; Samvelyan, S.; Chiarelli, F. Treatment of Metabolic Syndrome in Children. Horm. Res. Paediatr. 2020, 93, 215–225. [Google Scholar] [CrossRef] [PubMed]

	



Kwon, J.Y.; Song, S.W.; Kim, H.N.; Kang, S.G. Changes in Body Mass Index and Prevalence of Metabolic Syndrome during COVID-19 Lockdown Period. Korean J. Fam. Pract. 2021, 11, 304–311. [Google Scholar] [CrossRef]

	



Woo, S.R.; Yang, H.N.; Kim, Y.M.; Lim, H.J.; Song, H.J.; Park, K.H. Sedentary Time and Fast-Food Consumption Associated with Weight Gain During COVID-19 Lockdown in Children and Adolescents with Overweight or Obesity. J. Korean Med. Sci. 2022, 37, e103. [Google Scholar] [CrossRef] [PubMed]

	



Kweon, S.; Kim, Y.; Jang, M.J.; Kim, Y.; Kim, K.; Choi, S.; Chun, C.; Khang, Y.-H.; Oh, K. Data resource profile: The Korea National Health and Nutrition Examination Survey (KNHANES). Int. J. Epidemiol. 2014, 43, 69–77. [Google Scholar] [CrossRef] [PubMed]

	



Kim, J.H.; Yun, S.; Hwang, S.S.; Shim, J.O.; Chae, H.W.; Lee, Y.J.; Lee, J.H.; Kim, S.C.; Lim, D.; Yang, S.W.; et al. The 2017 Korean National Growth Charts for children and adolescents: Development, improvement, and prospects. Korean J. Pediatr. 2018, 61, 135–149. [Google Scholar] [CrossRef]

	



World Health Organization. Guidelines on Physical Activity and Sedentary Behaviour; World Health Organization: Geneva, Switzerland, 2020. [Google Scholar]

	



Chae, J.; Seo, M.Y.; Kim, S.H.; Park, M.J. Trends and Risk Factors of Metabolic Syndrome among Korean Adolescents, 2007 to 2018. Diabetes Metab. J. 2021, 45, 880–889. [Google Scholar] [CrossRef]

	



Dutra, L.M.; Glantz, S.A. Thirty-day smoking in adolescence is a strong predictor of smoking in young adulthood. Prev. Med. 2018, 109, 17–21. [Google Scholar] [CrossRef]

	



Sim, E.; Sohn, W.; Choi, E.S.; Noh, H. Sugar-sweetened beverage consumption frequency in Korean adolescents: Based on the 2015 Youth Risk Behavior Web-Based Survey. Int. Dent. J. 2019, 69, 376–382. [Google Scholar] [CrossRef]

	



The Korean Nutrition Society. Dietary Reference Intakes for Koreans 2015, 1st ed.; The Korean nutrition Society: Seoul, Republic of Korea, 2016; pp. 25–183. [Google Scholar]

	



Korean Center for Disease Control and Prevention. 2007 Korean Children and Adolescent Growth Standard. 2007. Available online: http://www.cdc.go.kr/CDC/cms/content/mobile/35/1235_view.html (accessed on 14 February 2022).

	



Eisenmann, J.C. On the use of a continuous metabolic syndrome score in pediatric research. Cardiovasc. Diabetol. 2008, 7, 17. [Google Scholar] [CrossRef]

	



Kelly, A.S.; Barlow, S.E.; Rao, G.; Inge, T.H.; Hayman, L.L.; Steinberger, J.; Urbina, E.M.; Ewing, L.J.; Daniels, S.R. Severe obesity in children and adolescents: Identification, associated health risks, and treatment approaches: A scientific statement from the American Heart Association. Circulation 2013, 128, 1689–1712. [Google Scholar] [CrossRef] [PubMed]

	



Yi, D.Y.; Kim, S.C.; Lee, J.H.; Lee, E.H.; Kim, J.Y.; Kim, Y.J.; Kang, K.S.; Hong, J.; Shim, J.O.; Lee, Y.; et al. Clinical practice guideline for the diagnosis and treatment of pediatric obesity: Recommendations from the Committee on Pediatric Obesity of the Korean Society of Pediatric Gastroenterology Hepatology and Nutrition. Korean J. Pediatr. 2019, 62, 3–21. [Google Scholar] [CrossRef] [PubMed]

	



Cho, W.K.; Han, K.; Ahn, M.B.; Park, Y.G.; Jung, M.H.; Suh, B.K.; Park, Y.G. Metabolic risk factors in Korean adolescents with severe obesity: Results from the Korea National Health and Nutrition Examination Surveys (K-NHANES) 2007–2014. Diabetes Res. Clin. Pract. 2018, 138, 169–176. [Google Scholar] [CrossRef] [PubMed]

	



Huh, J.H.; Kang, D.R.; Jang, J.-Y.; Shin, J.-H.; Kim, J.Y.; Choi, S.; Cho, E.J.; Park, J.-S.; Sohn, I.S.; Jo, S.-H.; et al. Metabolic syndrome epidemic among Korean adults: Korean survey of Cardiometabolic Syndrome (2018). Atherosclerosis 2018, 277, 47–52. [Google Scholar] [CrossRef] [PubMed]

	



Kang, S.Y.; Seo, M.Y.; Kim, S.H.; Park, M.J. Changes in lifestyle and obesity during the COVID-19 pandemic in Korean adolescents: Based on the Korea Youth Risk Behavior Survey 2019 and 2020. Ann. Pediatr. Endocrinol. Metab. 2022, 27, 281–288. [Google Scholar] [CrossRef]

	



Kaditis, A.G.; Ohler, A.; Gileles-Hillel, A.; Choshen-Hillel, S.; Gozal, D.; Bruni, O.; Aydinoz, S.; Cortese, R.; Kheirandish-Gozal, L. Effects of the COVID-19 lockdown on sleep duration in children and adolescents: A survey across different continents. Pediatr Pulmonol. 2021, 56, 2265–2273. [Google Scholar] [CrossRef]

	



Dighe, A.; Cattarino, L.; Cuomo-Dannenburg, G.; Skarp, J.; Imai, N.; Bhatia, S.; Gaythorpe, K.A.M.; Ainslie, K.E.C.; Baguelin, M.; Bhatt, S.; et al. Response to COVID-19 in South Korea and implications for lifting stringent interventions. BMC Med. 2020, 18, 321. [Google Scholar] [CrossRef]

	



Kim, J.H.; Park, Y.S. Low muscle mass is associated with metabolic syndrome in Korean adolescents: The Korea National Health and Nutrition Examination Survey 2009–2011. Nutr. Res. 2016, 36, 1423–1428. [Google Scholar] [CrossRef]

	



Huh, J.Y.; Kang, D.R.; Kim, J.Y.; Koh, K.W. Metabolic Syndrome Fact Sheet 2021: Executive Report. Cardiometab. Syndr. J. 2021, 1, 125–134. [Google Scholar] [CrossRef]

	



Kim, J.H.; Lim, J.S. Prevalence Trends of Metabolic Syndrome among Korean Children and Adolescents from a Population-Based Cross-Sectional Survey. Life 2022, 12, 1404. [Google Scholar] [CrossRef]

	



Kim, M.S.; Kim, J.H. Cardiometabolic risk factors and metabolic syndrome based on severity of obesity in Korean children and adolescents: Data from the Korea National Health and Nutrition Examination Survey 2007–2018. Ann. Pediatr. Endocrinol. Metab. 2022, 27, 289–299. [Google Scholar] [CrossRef]

	



Adullah, A.; Stoelwinder, J.; Shortreed, S.; Wolfe, R.; Stevenson, C.; Walls, H.; Courten, M.D.; Peeters, A. The duration of obesity and the risk of type 2 diabetes. Public Health Nutr. 2011, 14, 119–126. [Google Scholar] [CrossRef] [PubMed]

	



Park, Y.S.; Kang, S.H.; Jang, S.I.; Park, E.C. Association between lifestyle factors and the risk of metabolic syndrome in the South Krea. Sci. Rep. 2022, 12, 13356. [Google Scholar] [CrossRef] [PubMed]

	



Katzmarzyk, P.T.; Broyles, S.T.; Champagne, C.M.; Chaput, J.-P.; Fogelholm, M.; Hu, G.; Kuriyan, R.; Kurpad, A.; Lambert, E.V.; Maia, J.; et al. Relationship between Soft Drink Consumption and Obesity in 9–11 Years Old Children in a Multi-National Study. Nutrients 2016, 8, 770. [Google Scholar] [CrossRef] [PubMed]

	



Park, H.J. Influences of Sarcopenic and Non-sarcopenic Obesity on the Components of Metabolic Syndrome in Adolescents. J. Korean Biol. Nur. Sci. 2017, 19, 266–275. [Google Scholar] [CrossRef]

	



Alpcan, A.; Tursun, S.; Kandur, Y. Vitamin D levels in children with COVID-19: A report from Turkey. Epidemiol. Infect. 2021, 149, e180. [Google Scholar] [CrossRef] [PubMed]

	



Szarpark, L.; Rafique, Z.; Gasecka, A.; Chirico, F.; Gawel, W.; Hernik, J.; Kaminska, H.; Filipiak, K.J.; Jaguszewski, M.J.; Szarpak, L. A systematic review and meta-analysis of effect of vit amin D levels on the incidence of COVID-19. Cardiol. J. 2021, 28, 647–654. [Google Scholar] [CrossRef]








[image: Children 10 01105 g001 550] 





Figure 1. Flow Diagram for Study Participants. 






Figure 1. Flow Diagram for Study Participants.



[image: Children 10 01105 g001]







[image: Children 10 01105 g002 550] 





Figure 2. Prevalence of overweight, obesity, and extreme obesity among Korean children and adolescents aged 2–19 years before and after COVID-19. (A) aged 2–9 years (B) aged 10–18 years. Values are presented as weighted %. 
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Figure 3. The prevalence of metabolic syndrome by BMI categories in 2019 and 2020 in youth aged 10–18 years. Values are presented as weighted %. 
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Table 1. Differences in basic characteristics of subjects before and after the COVID-19 outbreak by age group.
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Variables

	
Children Aged 2–9 Years

	
Children Aged 10–18 Years




	
Before (2019)

	
After (2020)

	
p-Value

	
Before (2019)

	
After (2020)

	
p-Value






	
Age (years)

	
5.6

(5.41–5.79)

	
5.78

(5.56–6.01)

	
0.21

	
14.16

(13.93–14.39)

	
14.07

(13.82–14.32)

	
0.6




	
Sex

	

	

	

	

	

	




	
Boys

	
357 (51.92%)

	
284 (52.22%)

	
0.92

	
359 (52.22%)

	
326 (53.41%)

	
0.71




	
Girls

	
345 (48.08%)

	
259 (47.78%)

	

	
310 (47.78%)

	
255 (46.59%)

	




	
Household incomes

	

	

	

	

	

	




	
Q1 (low)

	
48 (6.36%)

	
33 (5.98%)

	
0.54

	
66 (10.68%)

	
44 (7.14%)

	
0.15




	
Q2

	
224 (32.63%)

	
168 (29.76%)

	

	
199 (29.1%)

	
159 (26.88%)

	




	
Q3

	
248 (35.01%)

	
178 (32.5%)

	

	
196 (29.61%)

	
217 (37.85%)

	




	
Q4 (high)

	
182 (26%)

	
164 (31.77%)

	

	
206 (30.61%)

	
160 (28.12%)

	




	
Paternal education

	

	

	

	

	

	




	
Less than high school graduate

	
147 (29.54%)

	
109 (25.99%)

	
0.44

	
177 (38.76%)

	
159 (41.09%)

	
0.64




	
College graduate or higher

	
347 (70.46%)

	
278 (74.01%)

	

	
269 (61.24%)

	
212 (58.91%)

	




	
Maternal education

	

	

	

	

	

	




	
Less than high school graduate

	
163 (25.7%)

	
148 (30.32%)

	
0.27

	
253 (42.54%)

	
222 (43.99%)

	
0.75




	
College graduate or higher

	
467 (74.3%)

	
336 (69.68%)

	

	
350 (57.46%)

	
273 (56.01%)

	




	
Body mass index (kg/m2)

	
16.53

(16.31–16.75)

	
17.1

(16.8–17.4)

	
0.00

	
21.25

(20.78–21.72)

	
21.41

(20.94–21.87)

	
0.64




	
Regular physical activity (age ≥12 years) a

	
NA

	
NA

	
NA

	
14 (3.36%)

	
13 (2.45%)

	
0.54




	
Regular strength training (age ≥12 years) b

	
NA

	
NA

	
NA

	
133 (29.12%)

	
137 (31.6%)

	
0.49




	
Sedentary time

(h, age ≥12 years)

	
NA

	
NA

	
NA

	
11.32

(11.06–11.57)

	
11.19

(10.89–11.49)

	
0.52




	
Recognizing stress

(age ≥12 years)

	
NA

	
NA

	
NA

	
113 (23.08%)

	
107 (26.21%)

	
0.37




	
Average sleep time per day of the weekday

(h, age ≥12 years)

	
NA

	
NA

	
NA

	
6.87 (6.74–7)

	
6.82 (6.68–6.97)

	
0.61




	
Soft-drink intake c

	

	

	

	

	

	




	
<3 times/week

	
302 (82.6%)

	
192 (75.77%)

	
0.08

	
346 (58.09%)

	
252 (57.68%)

	
0.91




	
≥3 times/week

	
65 (17.4%)

	
58 (24.23%)

	

	
239 (41.91%)

	
190 (42.32%)

	




	
Sports-drink intake c

	

	

	

	

	

	




	
<3 times/week

	
358 (97.58%)

	
234 (93.37%)

	
0.03

	
479 (81.4%)

	
354 (80.43%)

	
0.75




	
≥3 times/week

	
9 (2.42%)

	
16 (6.63%)

	

	
106 (18.6%)

	
88 (19.57%)

	




	
Smoking (≥12 years)

	
NA

	
NA

	
NA

	
15 (2.72%)

	
18 (3.33%)

	
0.61




	
Nutritional factor

	

	

	

	

	

	




	
Dietary supplement use

	
447 (66.52%)

	
338 (72.36%)

	
0.18

	
255 (41.77%)

	
200 (44.59%)

	
0.46




	
Total energy intake

	
1528.21 (1473.51–1582.91)

	
1537.11 (1476.05–1598.18)

	
0.84

	
2016.15

(1943.83–2088.46)

	
1910.08 (1831.89–1988.27)

	
0.05




	
Excess calorie intake

	
141 (20.71%)

	
102 (21.7%)

	
0.72

	
136 (24.67%)

	
92 (22.89%)

	
0.54




	
% of energy from

carbohydrates

	
60.57

(59.76–61.39)

	
60.38

(59.44–61.31)

	
0.76

	
59.01

(58.08–59.94)

	
58.08

(56.98–59.18)

	
0.21




	
Carbohydrate > 65% of total energy

	
194 (30.34%)

	
135 (29.72%)

	
0.85

	
134 (22.83%)

	
105 (23.4%)

	
0.84




	
% of energy from fat

	
24.79

(24.13–25.46)

	
24.56

(23.72–25.4)

	
0.67

	
24.97

(24.13–25.81)

	
25.74

(24.86–26.62)

	
0.21




	
Fat intake > 30% of total energy

	
167 (23.49%)

	
99 (20.41%)

	
0.31

	
139 (24.01%)

	
117 (25.93%)

	
0.54








Values are presented as weighted mean (95% confidence interval) for continuous variables or unweighted frequency (weighted %) for categorical variables. p-values are from t-test for continuous variables and chi-squared test for categorical variables. a Regular physical activity was defined as physical activity for at least 60 min per day. b Regular strength training was defined as muscle training at least 2 days per week. c Soft-drink intake and sports-drink intake were measured in children aged 6 years and older.
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Table 2. Comparison of metabolic syndrome components before and after the COVID-19 outbreak.
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Metabolic Syndrome

Components

	
10–18 Years




	
Before (2019)

	
After (2020)

	
p-Value






	
Waist circumference (cm)

	
71.9 (70.73–73.07)

	
72.41 (71.18–73.63)

	
0.56




	
Elevated WC (≥90th)

	
83 (12.59%)

	
97 (16.35%)

	
0.14




	
Systolic BP (mmHg) a

	
108.71 (107.59–109.82)

	
109.28 (107.98–110.58)

	
0.51




	
Diastolic BP (mmHg) a

	
66.78 (65.82–67.73)

	
68.56 (67.43–69.69)

	
0.02




	
Elevated BP (≥90th) b

	
11 (1.69%)

	
16 (2.86%)

	
0.29




	
Fasting Blood Glucose (mg/dL)

	
92.46 (91.69–93.24)

	
92.31 (91.14–93.47)

	
0.83




	
Elevated FBG (≥100 mg/dL)

	
94 (13.67%)

	
73 (12.13%)

	
0.49




	
Triglyceride (mg/dL) c

	
75.52 (72.08–79.12)

	
83.97 (79.72–88.45)

	
0.00




	
Elevated TG (≥110 mg/dL)

	
141 (24.2%)

	
152 (27.04%)

	
0.38




	
HDL-c (mg/dL)

	
52.62 (51.61–53.63)

	
51.42 (50.43–52.4)

	
0.01




	
Low HDL (<40 mg/dL)

	
46 (8.53%)

	
51 (10.19%)

	
0.39




	
cMetS score

	
0.03 (−0.30–0.36)

	
0.65 (0.29–1.01)

	
0.01




	
MetS

	
24 (3.79%)

	
38 (7.79%)

	
0.01








Values are presented as weighted mean (95% confidence interval) for continuous variables or unweighted frequency (weighted %) for categorical variables. a Blood pressure in the 2020 survey was measured in children aged 6 years and older. b Elevated BP was defined for children aged 7 years and older, based on the 2007 Korean Children and Adolescent National Growth Charts. c Log substitution is performed with non-normal distribution.
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Table 3. Comparison of metabolic syndrome components before and after the COVID-19 outbreak by sex.
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Metabolic Syndrome Components

	
10–18 Years




	
Boys

	
Girls




	
2019

	
2020

	
p-Value

	
2019

	
2020

	
p-Value






	
Waist circumference

(cm, age ≥6 years)

	
75.03

(73.61–76.45)

	
76.27

(74.93–77.6)

	
0.22

	
68.47

(67.03–69.91)

	
67.96

(66.47–69.44)

	
0.63




	
Elevated WC (≥90th)

	
47 (12.52%)

	
63 (19.83%)

	
0.02

	
36 (12.66%)

	
34 (12.33%)

	
0.92




	
Systolic BP (mmHg)

	
111.92

(110.60–113.24)

	
111.83 (110.13–113.53)

	
0.94

	
105.2

(103.91–106.49)

	
106.12 (104.79–107.45)

	
0.34




	
Diastolic BP (mmHg)

	
67.57

(66.40–68.74)

	
68.78

(67.44–70.11)

	
0.19

	
65.91

(64.59–67.23)

	
68.29

(66.87–69.7)

	
0.02




	
Elevated BP (≥90th)

	
6 (2.01%)

	
12 (3.9%)

	
0.21

	
5 (1.34%)

	
4 (1.57%)

	
0.85




	
Fasting Blood Glucose (mg/dL)

	
92.84

	
92.96

	
0.88

	
92.05

	
91.56

	
0.68




	
(91.87–93.82)

	
(91.91–94.02)

	
(90.92–93.19)

	
(89.62–93.51)




	
Elevated FBG

(≥100 mg/dL)

	
51 (13.87%)

	
50 (15.19%)

	
0.68

	
43 (13.46%)

	
23 (8.68%)

	
0.08




	
Triglyceride (mg/dL) c

	
76.08

(71.62–80.81)

	
80.63

(75.05–86.63)

	
0.23

	
74.92

(70.29–79.85)

	
87.9

(82.88–93.23)

	
0.00




	
Elevated TG

(≥110 mg/dL)

	
78 (25.10%)

	
83 (27.2%)

	
0.63

	
63 (23.25%)

	
69 (26.87%)

	
0.39




	
HDL-c (mg/dL)

	
50.8

(49.60–52.00)

	
50.35

(49.11–51.6)

	
0.62

	
54.57

(53.01–56.13)

	
52.61

(51.16–54.07)

	
0.07




	
Low HDL-c

(<40 mg/dL)

	
32 (11.58%)

	
35 (14.13%)

	
0.41

	
14 (5.27%)

	
16 (5.75%)

	
0.83




	
MetS

	
17 (4.58%)

	
25 (9.47%)

	
0.02

	
7 (2.96%)

	
13 (5.74%)

	
0.2








Values are presented as weighted mean (95% confidence interval) for continuous variables or unweighted frequency (weighted %) for categorical variables. c Log substitution is performed with non-normal distribution.
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Table 4. Differences in dietary nutrition and lifestyle components according to metabolic syndrome in Korean teenagers (12–18 years of age).
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Before COVID-19 Outbreak (2019)

	
After COVID-19 Outbreak (2020)




	
Normal

	
MetS

	
p Value

	
Normal

	
MetS

	
p Value






	
Age

	
15.27

	
15.2

	
0.87

	
15.12

	
15.11

	
0.98




	

	
(15.1–15.45)

	
(14.25–16.14)

	

	
(14.93–15.32)

	
(14.21–16.01)

	




	
Boys

	
226 (52.27%)

	
13 (61.57%)

	
0.45

	
201(54.06%)

	
22 (67.59%)

	
0.15




	
Household incomes

	

	

	

	

	

	




	
Q1 (low)

	
39 (10.6%)

	
3 (19.43%)

	
0.6

	
23 (5.76%)

	
3 (9.28%)

	
0.83




	
Q2

	
127 (28.08%)

	
4 (30.3%)

	

	
99 (27.78%)

	
6 (21.47%)

	




	
Q3

	
128 (30.19%)

	
7 (32.76%)

	

	
133(38.65%)

	
16 (40.46%)

	




	
Q4 (high)

	
141 (31.12%)

	
5 (17.51%)

	

	
98 (27.81%)

	
8 (28.8%)

	




	
Paternal education

	

	

	

	

	

	




	
Less than high school graduate

	
111 (36.74%)

	
10 (95.97%)

	
0.00

	
105(42.83%)

	
12 (57.33%)

	
0.26




	
College graduate or higher

	
176 (63.26%)

	
1 (4.03%)

	

	
133(57.17%)

	
7 (42.67%)

	




	
Maternal education

	

	

	

	

	

	




	
Less than high school graduate

	
176 (43.92%)

	
9 (58.4%)

	
0.38

	
149(45.97%)

	
13 (48.37%)

	
0.84




	
College graduate or higher

	
220 (56.08%)

	
6 (41.6%)

	

	
152(54.03%)

	
14 (51.63%)

	




	
Regular physical activity

	
12 (3.33%)

	
1 (3.34%)

	
0.99

	
12 (2.7%)

	
0 (0.00%)

	
NA




	
(age ≥12 years)

	

	

	

	

	

	




	
Regular strength training

	
120 (30.08%)

	
6 (25.11%)

	
0.63

	
112 (30.7%)

	
10 (30.69%)

	
0.99




	
(age ≥12 years)

	

	

	

	

	

	




	
Sedentary time

	
11.3

	
11.73

	
0.42

	
11.25

	
10.81

	
0.34




	
(hours, age ≥12 years)

	
(11.03–11.57)

	
(10.68–12.78)

	

	
(10.9–11.6)

	
(9.96–11.67)

	




	
Recognizing stress

	
96 (21.47%)

	
6 (31.79%)

	
0.29

	
90 (26.54%)

	
5 (14.14%)

	
0.15




	
(age ≥12 years)

	

	

	

	

	

	




	
Average sleep time per day

	

	

	
0.72

	
6.75

	
7.02

	
0.32




	
(h, age ≥12 years)

	
6.85

	
7.04

	

	
(6.58–6.92)

	
(6.52–7.53)

	




	

	
6.71–6.99)

	
(6.03–8.06)

	

	

	

	




	
Soft-drink intake

	

	

	

	

	

	




	
<3 times/week

	
210 (56.36%)

	
4 (30%)

	
0.07

	
144 (53.72%)

	
11 (51.22%)

	
0.82




	
≥3 times/week

	
162 (43.64%)

	
13 (70%)

	

	
131 (46.28%)

	
10 (48.78%)

	




	
Sports-drink intake

	

	

	

	

	

	




	
<3 times/week

	
296 (78.71%)

	
14 (86.05%)

	
0.55

	
208 (77.33%)

	
12 (53.57%)

	
0.01




	
≥3 times/week

	
76 (21.29%)

	
3 (13.95%)

	

	
67 (22.67%)

	
9 (46.44%)

	




	
Smoking

	
15 (3.95%)

	
0 (0.0%)

	
NA

	
16 (4.82%)

	
0.00%

	
NA




	
Nutritional factor

	

	

	

	

	

	




	
Dietary supplement use

	
151 (39.49%)

	
2 (13.55%)

	
0.05

	
101 (37.52%)

	
10 (46.77%)

	
0.42




	
Total energy intake

	
2037.5 (1942.68–2132.32)

	
2169.4 (1835.98–2502.81)

	
0.44

	
1941.36 (1842.46–2040.26)

	
2131.52 (1762.94–2500.11)

	
0.32




	
Excess calorie intake

	
88 (24.66%)

	
6 (42.08%)

	
0.18

	
62 (24.71%)

	
5 (27.6%)

	
0.78




	
% of energy from

	
58.69

	
60.16

	
0.53

	
58.21

	
61.31

	
0.24




	
carbohydrates

	
(57.57–59.8)

	
(55.64–64.67)

	

	
(56.85–59.57)

	
(56.21–66.42)

	




	
Carbohydrate >65% of total energy

	
79 (20.64%)

	
7 (47.61%)

	
0.03

	
75 (25.83%)

	
7 (38.53%)

	
0.25




	
% of energy from fat

	
25.21

	
23.73

	
0.55

	
25.73

	
22

	
0.05




	

	
(24.2–26.21)

	
(19–28.45)

	

	
(24.56–26.9)

	
(18.22–25.77)

	




	
Fat intake > 30% of total energy

	
89 (24.12%)

	
5 (25.31%)

	
0.92

	
75 (26.19%)

	
5 (16.57%)

	
0.32








Values are presented as weighted mean (95% confidence interval) for continuous variables or unweighted frequency (weighted %) for categorical variables.
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Table 5. Assessment of risk factors for metabolic syndrome in Korean teenagers (12–18 Years age).
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Before COVID-19 Outbreak (2019)

	
After COVID-19 Outbreak (2020)




	

	
OR

(95% CI)

	
p-Value

	
AOR

(95% CI)

	
p-Value

	
OR

(95% CI)

	
p-Value

	
AOR

(95% CI)

	
p-Value






	
Girls

	
0.68

(0.26–1.83)

	
0.45

	
0.45

(0.07–2.77)

	
0.39

	
0.56

(0.26–1.24)

	
0.15

	
0.82

(0.18–3.86)

	
0.80




	
Age

	
0.98

(0.78–1.24)

	
0.87

	
1.23

(0.71–2.13)

	
0.46

	
1

(0.8–1.25)

	
0.98

	
1.21

(0.8–1.82)

	
0.37




	
Total energy

intake

(per 100 kcal)

	
1.02

(0.97–1.07)

	
0.43

	
1.02

(0.96–1.09)

	
0.46

	
1.03

(0.98–1.09)

	
0.29

	
1.02

(0.95–1.1)

	
0.52




	
Paternal education

≥College graduate or higher

	
0.02

(0–0.22)

	
0.00

	
0.03

(0–0.27)

	
0.00

	
0.56

(0.2–1.55)

	
0.26

	
0.54

(0.17–1.78)

	
0.31




	
Soft-drink intake ≥3 times/week

	
3.01

(0.85–10.71)

	
0.09

	
1.73

(0.33–9.1)

	
0.52

	
1.11

(0.46–2.64)

	
0.82

	
0.48

(0.17–1.39)

	
0.18




	
Carbohydrate >65

% of total energy

	
3.5

(1.11–11.01)

	
0.03

	
7.04

(1.29–38.43)

	
0.02

	
1.8

(0.65–4.95)

	
0.26

	
3.81

(1.03–14.11)

	
0.04




	
Dietary Supplement

(yes vs. no)

	
0.24

(0.05–1.15)

	
0.07

	
0.38

(0.04–3.65)

	
0.40

	
1.46

(0.58–3.7)

	
0.42

	
2.17

(0.64–7.28)

	
0.21




	
Sports-drink intake ≥3 times/week

	
0.6

(0.11–3.22)

	
0.55

	
0.31

(0.03–3.13)

	
0.32

	
2.96

(1.25–7)

	
0.01

	
5.9

(1.4–24.87)

	
0.02








Adjusted odds ratios were estimated considering all variables presented in the table: sex, age, total energy intake, paternal education level, soft-drink intake, carbohydrate intake, dietary supplement use, and sports-drink intake.
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