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Introduction: This study was conducted to investigate changes and new trends over the past 6 years by analyzing the current status of precocious puberty (PP) treatment and treatment costs in Korea between 2016 and 2021.

Materials and methods: Annual and monthly number of patients diagnosed with PP from 2016 to 2021 were reviewed using the data from Healthcare Bigdata Hub. Annual medical insurance expenses for the treatment of PP were also reviewed. The data were compared by the gender of the patients.

Results: The number of patients diagnosed with PP rose from 86,352 in 2016 to 166,645 in 2021, while medical expenses rose from KRW 64,111,689,000 in 2016 to KRW 134,642,100,000 in 2021. The percentage of male PP patients increased from 9.21% in 2016 to 19.55% in 2021.

Conclusion: Increasing numbers of Korean patients diagnosed with PP. Consistent with the situation in other countries, the rapid increase in the number of cases since April 2020 appears to be a result of the COVID-19 pandemic. In Korea, this is considered a nationwide phenomenon. Also on the rise is the incidence of PP in males, which appears to be due to an increased awareness of the phenomenon. Further investigations are required to determine the possible causes in increasing prevalence of PP.
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Introduction

When secondary sex characteristics appear before the age of 8 in females and 9 in males, this is referred to as precocious puberty (1). Since the 1970s, the onset of secondary sex characteristics has sped up by 0.24 years every decade on a global scale (2). This early onset of puberty is a sign of socioeconomic and environmental change. Although the number of children and adolescents in Korea is declining, the number of patients diagnosed with precocious puberty and the associated costs continue to rise (3). Kim et al. demonstrated that the incidence of precocious puberty rose from 2004 to 2010 (4), and Kim et al. demonstrated that the prevalence of precocious puberty rose steadily and dramatically from 2008 to 2014 (5). Since then, 8 years have passed, and the world is undergoing rapid social change as a result of the COVID-19 pandemic. Among these changes, since the COVID-19 pandemic in Italy, Turkey, India, China, etc., the number of patients with precocious puberty increased significantly, according to the results released (6–12). This study was conducted to observe the trends of annual and monthly number of patients with precocious puberty and their medical expenses in Korea from 2016 to 2021.



Materials and methods

Based on the census (13) of the national statistical portal (Korean Statistical Information Service, KSIS), the number of youth (0–19 years old) by year and the ratio of the youth population to the total population were investigated. The data for 2021 was derived from population projections for the future (14).

Every patient who visits hospital in Korea are registered with diagnoses according to the Korean Classification of Disease 10th revision (KCD-10). We investigated the data of the Healthcare Big Data Hub (15) registered as E301 (Early puberty, according to KCD-10). The number of patients diagnosed with precocious puberty by year, month, gender, and age in increments of 5 years, and region, as well as the status of insurance treatment costs, were analyzed.



Results


Domestic changes in youth population by year

The youth population in Korea decreased from 9,906,000 in 2016 to 8,490,000 in 2021. The ratio of the youth population to the total population also decreased from 19.32% in 2016 to 16.41% in 2021 (Table 1).


TABLE 1    Korea adolescent population aged 0–19 (in thousands).
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Status of patients with precocious puberty by year

The number of patients treated in medical facilities for E301 increased 1.93-fold between 2016 and 2021, from 86,352 to 166,521 (Figure 1). From 7,957 to 27,254, the number of male patients increased 3.43-fold, and the number of female patients increased 1.78-fold from 78,395 to 139,391. The proportion of male patients increased from 9.21% in 2016 to 19.55% in 2021 (Figure 2). The highest portion of female patients was in the 5-9-year age group, while the highest proportion of male patients was in the 10-14-year age group (Figures 3, 4).
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FIGURE 1
Annual number of patients diagnosed with precocious puberty.
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FIGURE 2
Increasing tendency for boys diagnosed with precocious puberty compared to girls (%).
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FIGURE 3
Age distribution of female patients with precocious puberty.
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FIGURE 4
Age distribution of male patients with precocious puberty.




Status of patients with precocious puberty by region

The ratio of patients with precocious puberty to the total number of youths has increased nationally between 2016 (Figure 5) and 2021 (Figure 6). Daegu had the highest proportion of patients with precocious puberty.
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FIGURE 5
Population distribution of precocious puberty by region in 2016 (%).
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FIGURE 6
Population distribution of precocious puberty by region in 2021 (%).




Monthly status of patients with precocious puberty

29,916 patients were treated at medical institutions for E301 during the month of January 2016. The number stayed in the 30,000’s for 4 years and 2 months until March 2020, a 1.2-fold increase. In April 2020, the number increased 1.5-fold compared to the previous month, reaching 41,255. A year later, in March 2021, the number reached 58,195, a 1.68-fold increase compared to January 2016 (Figure 7).
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FIGURE 7
Monthly number of patients diagnosed with precocious puberty.




Cost of treatment for precocious puberty

The total cost of medical care for E301 patients treated at medical institutions increased 1.99-fold from KRW 43,579,409,000 in 2016 to KRW 86,846,620,000 in 2021. Likewise, the costs of accession deductible payment increased 2.33-fold, from KRW 20,532,280,000 to KRW 47,795,480,000 (Table 2).


TABLE 2    Annual medical insurance expenses for precocious puberty (KRW 1000 won).
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Discussion

Secondary sex characteristics, rapid skeletal maturation, and rapid growth appear during puberty (16). Hormones of the hypothalamus-pituitary-gonadal axis (HPG axis) exist at the center of this change. The pituitary gland secretes follicle stimulating hormone (FSH) and luteinizing hormone (LH) in response to hypothalamic gonadotropin-releasing hormone (GnRH) stimulation. This leads to gonadal secretion of testosterone in males, and estradiol (E2) in female, resulting in the fertility of both sexes (17). Since hormones are sensitive to changes in both the external environment and the genetic unit, puberty has been a significant socioeconomic milestone.

Using statistical data from the national statistical portal and the Healthcare Big Data Hub, this study analyzed the medical status of patients with precocious puberty in Korea from 2016 to June 2021. Compared to 2016, the number of patients diagnosed with precocious puberty increased 1.93-fold in 2021. During the same time period, the population of youth aged 0–19 decreased, and the proportion of adolescents diagnosed with precocious puberty increased 2.25-fold, from 0.87% in 2016 to 1.96% in 2021, a greater increase than the increase in the number of patients (Figure 8). In addition, the ratio of patients with precocious puberty to the population is rising in nearly all regions, indicating that the rise in the number of patients with precocious puberty is a nationwide phenomenon. As the number of patients increases, so do the costs associated with precocious puberty. The total cost of medical care and the amount of accession deductible payment increased 2.1-fold between 2016 and 2021, from KRW 64,111,689,000 to KRW 134,642,100,000. Considering previous research (3), it is believed that the number of patients with precocious puberty in Korea continues to rise.
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FIGURE 8
Annual number of patients diagnosed with precocious puberty compared with population.


In this study, the authors discovered two new trends. One is the significant increase in patients seen after April 2020. The growth rate between 2019 and 2021 is steeper than the change between 2016 and 2019, and a monthly analysis reveals a meteoric rise beginning in April 2020. This trend continued until June 2021. After the first COVID-19 outbreak in China at the end of 2019, the world entered a crisis, and each country implemented lockdowns or equivalent measures in 2020, making telecommuting and remote learning the norm, and outdoor activities restricted. Changes in lifestyle have caused an increase in endocrine diseases (18). In Italy, outpatient treatment for suspected symptoms of early puberty and precocious puberty increased dramatically compared to the same time period in 2019 (7). In addition, the phenomenon of accelerated puberty onset was identified, and the rate of precocious puberty diagnosis increased (6). Compared to the 3 years preceding the pandemic, the diagnosis rate of idiopathic central precocious puberty (ICPP) in Turkey has more than doubled (8). Both central precocious puberty (CPP) and rapidly progressive early puberty (RPEP) increased by greater than threefold in other studies (10). After lockdown, the referrals for precocity and the number of children diagnosed with ICPP quadrupled in India (11). The prevalence of precocious puberty in Shanghai, China also has more than doubled (12). It is suggested that excessive use of digital devices is the primary cause of this phenomenon. In a study conducted between October 2020 and March 2021, the salivary melatonin levels of 39 females diagnosed with precocious puberty were significantly lower than those of the control group. This was attributed to the effects of light stimulation and electromagnetic fields (EMF) generated by electronic devices (19). Low melatonin levels affect the HPG axis, thereby accelerating the onset of puberty (20). In addition, restriction of physical activity and increased BMI due to high-calorie food consumption, fear of the pandemic, mental factors such as anxiety, changes in sleep patterns, exposure to environmental hormones, and direct stimulation of the central nervous system due to COVID-19 infection are cited as potential causes (21, 22). The situation in Korea is similar. After the first COVID-19 patient was reported (23) in January 2020, strict social isolation measures were implemented, school was suspended until May 2020, and some classes are still conducted remotely. According to a study (24) conducted by the Department of Pediatrics at Eulji University Hospital, the proportion of overweight and obese children who presented with precocious puberty in 2020 was significantly higher than in 2019. This was more prevalent in males. Moreover, while the overall number of pediatric outpatients has been decreasing, the number of outpatients due to short stature, precocious puberty, and obesity is increasing, and this is thought to be due to the decrease in physical activity as a result of the COVID-19 pandemic. In this study we confirmed that the number of patients diagnosed with precocious puberty increased from April 2020 to April 2021 in Korea. We could speculate several possible factors for this trend based on the previous studies. First, increasing obesity due to the lack of physical activities could be the main factor. It has been suggested that obesity, fast food consumption, and the consumption of growth-related health functional foods are factors accelerating the onset of puberty in Korean adolescents (25). The BMI of elementary school students has risen significantly over the past year, as the physical activity of adolescents has decreased, and their consumption of fast foods has increased as a result of COVID-19 (26). Meanwhile, the immune-related health functional food industry is experiencing a boom that is unprecedented (27). Under these conditions, it appears inevitable that the number of patients receiving treatment for precocious puberty will increase rapidly. Second, overuse of digital devices during the social distancing and remote learning period could affects this phenomenon, too. According to the Korea Information Society Development Institute’s “Comparison of Media Usage Behaviors of Adolescents Before and After COVID-19” report (28), the use of paper media decreased as a result of online classes, while time spent on laptops, tablets, desktops, and smartphones increased. Third, endocrine-disrupting chemicals are possible factor of this tendency. Since social distancing caused non-contact delivery culture, it is also necessary to observe a correlation between the rapid increase in the use of disposable items such as plastic and vinyl and precocious puberty (29). These chemicals are known to the factors that lead to precocious puberty. All of these factors working together, precocious puberty patients are steeply increasing during the pandemic in Korea.

An increasing proportion of males are diagnosed with precocious puberty, which is another trend. Since 2016, the proportion of males, who accounted for less than 10% in the previous study, has steadily risen, reaching 12.59% in 2020 and 19.55% in 2021. Particularly, the rate of medical treatment among 5 to 9-year-olds increased from 34 to 47.3%, which appears to have contributed to the rise in male patients. Existing studies show that the precocious puberty is 10 times more prevalent in females than in males; however, severe cases accompanied by abnormalities of the central nervous system, such as malformations, tumors, or inflammation, are more prevalent in males; therefore, referral to a tertiary medical institution has been deemed necessary (13, 30). However, according to an analysis of male patients with precocious puberty in Korea from 2001 to 2016 by Lee et al. (31) in 2018, the rate of idiopathic precocious puberty, for which it is difficult to identify a specific cause, has increased with the annual increase in the number of patients, accounting for more than 60%. After the age of eight, the proportion increases even further. These results are attributed to an increase in parental awareness through the Internet and broadcast media, in addition to environmental factors such as nutritional improvement and endocrine disrupting substances. Males, unlike females, have an unclear onset of secondary sex characteristics, making it easy to miss the opportunity to diagnose precocious puberty. In this study, the increase in the proportion of male patients before 9 years of age and the total number of male patients occurred simultaneously, which means, the treatment rate has increased as a result of the growing awareness of precocious puberty in males. In addition, the sudden increase in male patients coincided with the period of COVID-19 social distancing. As mentioned previously, this is likely due to the fact that the restrictions on physical activity and tendency toward obesity caused by the pandemic are more pronounced in previously active males. This supports the possibility that the increase in the number of patients with precocious puberty during this time period is due to changes in lifestyle brought about by the COVID-19 pandemic.

The trend of precocious puberty in Korea over past 6 years was analyzed by year, gender, age, and region in this study. Through this process, it was possible to confirm the need for a large-scale correlation study on various factors that can influence precocious puberty. In addition, Korea is a country where Western medical treatment for precocious puberty utilizing GnRH agonist and oriental medical treatment (32) utilizing herbal medicine to regulate hormones coexist. The majority of non-insured patients receiving oriental medical treatment are omitted from this study’s statistics. In the future, research should be conducted on the current status of treatment for precocious puberty by various medical institutions and the effects thereof.
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