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Sexual development is a complex mechanism activated by the hypothalamic-pituitary-gonadal axis. Over the last one hundred years there has been a decline in the age at puberty onset in industrialised countries. Some Italian studies showed an increase in diagnoses of Central Precocious Puberty (CPP) during the COVID-19 pandemic. It is thus supposed that in this period there was an increased impact of factors that can influence pubertal development. Our retrospective monocentric study aimed to confirm the existence of this phenomenon and analysed possible related factors. We retrospectively evaluated clinical, laboratory, radiological and ultrasound (US) data of 154 girls referred to our Tertiary Centre of Paediatric Endocrinology from January 2019 to April 2021 for different forms of Precocious Puberty. We subdivided the cases into subgroups according to the final diagnosis: CPP, Early Puberty (EP), isolated thelarche and isolated pubarche. The observation period was subdivided into: Period 1, before lockdown (1 January 2019 – 8 March 2020) and Period 2, lockdown and the following months (9 March 2020 – 30 April 2021). Period 2 was further divided into “restrictive lockdown period” (Period 2.1) (March 2020 – 14 June 2020, in which the schools were closed) and “less restrictive lockdown period” (Period 2.2) (15 June 2020 – 30 April 2021). We analysed data regarding the use of electronic devices before and during lockdown in a group of girls with CPP diagnosed in Period 2 and we compared the data with that of a control group. Our data show an increase in the number of new diagnoses of CPP during lockdown and in the following months, compared with the previous period. We also detected a higher use of PCs and smartphones in girls with CPP diagnosed in Period 2, compared with the control group. The percentage of the presence of endometrial rhyme detected during the pelvic ultrasound was higher in girls with CPP in Period 2, compared with the previous period. Based on our data we assume there was an environmental effect on pubertal timing that calls our attention to factors such as food, use of electronic devices and stress. We will need further studies to better understand this data.
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Introduction

The complex mechanism that leads to sexual development starts from the activation of the hypothalamic-pituitary-gonadal axis by an unknown primary input. Over the last one hundred years there has been a decrease in age at puberty onset in industrialised countries; menarche appears on average in girls about 12 and a half years old, and thelarche in girls between 9 and a half and ten years old (1, 2). The basis of this decline involves not only genetic factors (2, 3) but also environmental factors such as BMI (4), dietary habits, physical activity, stressors (5) and exposure to ECDs and electromagnetic fields (6, 7).

In Italy, the restrictions due to the coronavirus pandemic led to deep changes in people’s habits. Italians had to stay at home for several months. The schools closure and the beginning of distance learning led to an increase in the use of electronic devices. These devices were also used more frequently for extracurricular reasons (video games, TV, PC games) that resulted in an accumulation of hours spent in front of screens.

Forced home - staying at home also led a reduction in physical activities and an increase in consumption of junk food resulting in body weight gain.

In addition, the pandemic situation led to a growth in stressors for many families (fear of illness, fear for the health of loved ones, economic problems…).

Some previous Italian studies reported an increase in the number of new cases of Central Precocious Puberty (CPP) in girls during the COVID-19 pandemic (8–11) It has been assumed that during this period, the impact of factors interfering with pubertal development increased.

This retrospective monocentric study aimed to confirm the existence of this phenomenon and analysed possible related factors.



Materials and methods

We retrospectively evaluated clinical, laboratory, radiological and ultrasound (US) data on 154 girls referred to our Tertiary Centre of Paediatric Endocrinology from January 2019 to April 2021 for different forms of Precocious Puberty. We subdivided the cases into subgroups according to the final diagnosis: CPP, Early Puberty (EP), isolated thelarche and isolated pubarche. CPP was defined according to Consensus Guidelines (12). Early puberty was defined as the onset of pubertal signs between 8 and 9 years old (13).

The observation period was subdivided into: Period 1, before lockdown (1 January 2019 – 8 March 2020), and Period 2, lockdown and the following months (9 March 2020 – 30 April 2021). Period 2 was further divided into “restrictive lockdown period” (Period 2.1) (9 March 2020 – 14 June 2020, in which the schools were closed) and “less restrictive lockdown period” (Period 2.2) (15 June 2020 – 30 April 2021).

We analysed data regarding the use of electronic devices obtained through a questionnaire (Figure 1) administered to 17 girls diagnosed with CPP in Period 2 and to 26 “short normal” controls matched for sex and age referred to our Centre in the same period.




Figure 1 | Questionnaire regarding the use of electronic devices.



We excluded girls with CPP associated with hypothalamic–pituitary congenital malformations, neurological, neurosurgical and/or genetic diseases, psychomotor delay, oncological diseases. We also excluded adopted girls with CPP.

Age, sex, ethnicity, family history of precocious and EP, mid-parental height, age at the onset of pubertal signs, and age at first observation were recovered from clinical records. Height, weight, birth weight and BMI were expressed as a standard deviation score (SDS) according to Italian standards (14). Pubertal stage was recorded according to Marshall and Tanner’s genital stage (15); we analysed the rate of progression of pubertal signs. We defined “rapid progression” as a transition from B2 to B3 in less than six months.

When available, we recorded levels at baseline of follicle-stimulating hormone [FSH], luteinizing hormone [LH], estradiol [E2]. A Gonadotropin-releasing hormone (GnRH) test was performed by i.v. administration of GnRH to 94 girls (37 in Period 1 and 57 in Period 2) with LH and FSH measurement at 0, + 30 and + 60 min.

A basal level of LH > 0,3 IU/L and/or a peak response of LH after GnRH infusion > 5 IU/L, with or without serum estradiol levels > pg/ml, were considered suggestive of CPP (16–18).

We estimated bone age (BA) from an X-ray of the left hand and wrist using the Greulich & Pyle atlas (19). Bone age advancement was defined as the difference between BA and chronological age expressed in years.

Pelvic ultrasound was trans-abdominally performed by a group of paediatric evaluation expert radiologists. It was used a Convex ecotomograph with B-mode ultrasound signal and a variable wavelength between 3.5 and 5.0 MHz (Philips). The subject was examined in a supine position with distended bladder and we’re detected uterine measurements [longitudinal diameters (LD), tranverse diameter (DT) and antero-posterior diameter (APD)] and ovarian measurements. It was also evaluated the visibility of the endometrial rhyme. The uterine volumes were obtained through the ellipsoid formula [(DL x DT x ADP x 0.52)/1000]. A uterine longitudinal diameters (ULD) > 34 mm and/or a uterine volume (UV) > 4 ml and/or the presence of endometrial rhyme were considered suggestive of estrogenic stimulation and advanced pubertal development (20).


Statistical analysis

We performed a descriptive analysis of central trend measures (mean and median), with range maximum and minimum value and standard deviation of continuous variables (age at diagnosis, SDS height, SDS BMI, Tanner stage, neonatal weight, rate of progression of pubertal development, basal and peak value of LH and FSH, estradiol, bone age, uterine volume and longitudinal diameter of uterus).

We analysed Tanner stage with frequency tables. We analysed data with Chi squared tests.

We realised frequency tables for distribution analysis of descriptive variables (presence of endometrial rhyme, Tanner stage and medical therapy).

We used Student’s t-distribution tests to evaluate differences between means of the following variables, in the different groups defined on the basis of diagnosis: SDS weight, SDS height, SDS BMI, birth weight, rate of progression of pubertal development, age at diagnosis, basal and peak value of LH and FSH, bone age, uterine volume, longitudinal diameter uterus.

We used non-parametric tests (Mann–Whitney) for data with non-normal distribution and two proportion zeta tests and chi squared tests for frequency analysis.

All statistical tests were two-tailed and P < 0.05 was considered statistically significant.

Statistical analyses were performed with the use of NCSS 2021 (NCSS 2021 Statistical Software. NCSS, LLC. Kaysville, Utah, USA, ncss.com/software/ncss, 2020) for statistical analyses.




Results

Table 1 shows the frequency of the different diagnoses in the two periods of observation. Compared to Period 1, the Group CPP only increased significantly the frequency of diagnosis in Period 2.


Table 1 | Frequency of different diagnoses of precocious puberty in Period 1 and Period 2.



Table 2 shows auxological data at diagnosis and rate of pubertal progression in girls with CPP diagnosed in period 2, compared with girls with CPP diagnosed in period 1. We did not find any significant difference in the rate of pubertal progression. As regards isolated pubarche, our data show a lower onset age in the pre-Covid group with statistical significance (6.75 ± 0.04 years vs 7.33 ± 0.2 years, p < 0.005), probably due to the diagnostic delay during the pandemic.


Table 2 | Auxological data at diagnosis and rate of pubertal progression in girls with CPP subdivided by observation period.



Table 3 shows hormonal data at diagnosis in girls with CPP subdivided by observation period. We did not find any difference in the two groups.


Table 3 | Hormonal data at diagnosis in girls with CPP subdivided by observation period.



Table 4 shows US data in girls with CPP subdivided by observation period. The percentage of girls with endometrial rhyme at diagnosis was higher in period 2, compared to period 1, but this difference was not significant, probably due to the small sample of patients.


Table 4 | Ultrasound (US) data at diagnosis in girls with CPP subdivided by observation period.



We found 3 girls with CPP and 14 girls with EP in sub-Period 2.1 and 14 girls with CPP and 34 girls with EP in sub-Period 2.2. The comparative analysis of sub-Period 2.1 and 2.2 did not show any differences in auxological, laboratory and radiologic data except for BMI SDS that showed a significant increase in the period after the restrictive lockdown in the EP group (sub-Period 2.1: -0.73 ± 1.39, sub-Period 2.2 0.26 ± 0.72). We did not find any significance in the group with CPP, probably due to the sample’s reduced size (sub-Period 1 0.07 ± 0.79 vs sub-Period 2 0.79 ± 0.53).

In regard to the results of the questionnaire on the use of electronic devices in girls with CPP, the percentage of girls with CPP that used PCs and tablets more than 2 hours a day was significantly higher during the lockdown period, compared with the preceding period (PC 85.5% vs 0%, Tablet 15% vs 0, p < 0.005). In addition, the percentage of girls that used PCs and smartphones more than 2 hours a day during lockdown was significantly higher in girls with CPP compared with the control group (PC 85.5% vs 73%, p < 0.005, Smartphone 29% vs 10% p < 0.005).



Discussion

CPP is a rare disease that involves mainly females and in most cases it is idiopathic.

The results of our study, in line with other Italian studies recently published (8–11), show an increase in the number of new diagnoses of CPP during lockdown and in the following months, compared with previous period.

Moreover, in accordance with the results of Chioma et al (10), this increase is observed only in patients with the classical form of CPP, with onset before 8 years of age, while it was not observed in girls with isolated forms of pubarche and thelarche. These results therefore prompt the hypothesis that the factors potentially responsible for this increase specifically induce the precocious activation of hypothalamic-pituitary axis.

During the SARS-CoV-2 pandemic, people’s habits changed radically; we think that an environmental change in lifestyle may influence pubertal timing.

We assumed that obesity and the increase of BMI in the paediatric population are possible contributing factors of the pubertal onset advance seen in the last few decades in industrialized countries. The increase in fat mass may lead to an augmented production of adipocyte hormones like leptin, which has a permissive role in HPG axis activation (21) (22), and insulin, which promotes GnRH activity, mostly mediated by leptin (23) (24). The increased weight leads to augmented hypothalamic ceramide levels, a lipid signalling molecule with a permissive role on the HPG axis (25) and lead to a reduction of Sirtuin 1, a deacetylase that negatively influences pubertal activation.

In our experience, we found no significant increase in SDS BMI in girls with CPP diagnosed in Period 2, but only a trend of increasing BMI in months after lockdown in girls with EP. Indeed only in Stagi’s study (8) was an increase observed in BMI in girls with CPP diagnosed during lockdown, while no other Italian studies detected this change. On the other hand, we have to consider the reduction of physical activity that characterized the lockdown and the following months, with the persistence of distance learning in the paediatric population. This lack of physical activity may have had a negative influence on body composition resulting in an increase in fat mass without an increase in BMI (10).

In regard to a greater pubertal thrust that characterized the diagnosis of forms of CPP detected during lockdown, as compared with forms identified in the previous period, there is contrasting literature data.

The studies of Stagi (8) and Umano (11) report levels of gonadotropins significantly higher in girls with CPP diagnosed during lockdown compared with the previous period. Our data, according to the multicentre study of Chioma et al (10), show no differences in hormone levels at diagnosis.

In Stagi’s (8) study the number of girls with CPP who experienced a transition from slowly progressive pubertal development to accelerated pubertal development during lockdown was significantly higher compared with the previous 5 years. We did not observe this increase in pubertal progression, although our evaluation was based on referred data and not on clinical evaluation.

On the other hand, as concerns US data, our study is the only one in literature that shows a higher percentage of girls with the presence of endometrial rhyme during lockdown, compared with previous period.

It is well known that the presence of endometrial rhyme is a really specific parameter of estrogenic secretion and significant pubertal activation (24). It could be assumed that the estrogenic boost was more intensive in patients with onset during lockdown and that this favoured the onset of endometrial rhyme, despite the similarity of laboratory data.

We must however considerer that controversial results in the literature could depend on the difficulty of comparing studies having different numbers of patients, inclusion criteria and observation period.

The lifestyle change due to lockdown led to an increase in the use of electronic devices. The use of PCs increased more than other devices, due to distance learning. We detected that patients with CPP used more PCs and smartphones during lockdown, compared to the control group. Some studies assume that the electromagnetic radiation produced by electronic devices causes a down regulation in melatonin secretion (6, 7, 26). Normally, melatonin levels decrease during puberty and this down regulation leads to an activation of GnRH via genetic transcription (27). The increased use of electronic devices could have determined a melatonin level reduction that may have favoured the development of precocious puberty in susceptible individuals. This data may justify the stability of other forms of non-central precocious puberty like EP, isolated pubarche and thelarche.

Psychological factors linked to the pandemic are other environmental factors that we may consider. Some studies showed an increase of stress factors (fear of disease, drastic change of habits, break up of social contacts) (8, 9). Stress factors lead to an increase and then a decrease of cortisol levels. Cortisol has a negative feedback on the HPG axis; we can assume that a decrease in cortisol could have favoured the development of puberty. The examination of psychological effects is outside our analysis but we can assume there was indeed an increase in stress factors in our patients.


Strengths

We performed all the evaluations in the same Centre with homogeneous criteria of diagnosis and evaluation.

We also analysed the frequency of other forms of precocious puberty without central involvement, in contrast to other published studies.

We used a control group for the examination of the questionnaires regarding the use of electronic devices.



Limits

The limitations of our study are largely related to the emergency situation due to the pandemic, which did not allow prospective, controlled studies.

The sample small size and restrospective nature are also in the limitations of our study.

The data are preliminary and other evaluations need to be carried out through multicentre analyses with wider case studies.




Conclusion

The SARS-CoV-2 pandemic led to radical habit changes and we assume that these changes influenced the increase in frequency of CPP. Based on our data we assume there was an environmental effect on pubertal timing that calls our attention to factors such as food, use of electronic devices and stress. We will need other studies to better understand this data. By improving our knowledge of these factors, we could better understand some of the physiopathological aspects of puberty and implement preventive and corrective actions.
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NS, not statistically significant.

N° of patients

26
67
38
23

Period 1 (N%)

9 (35%)
28 (42%)
20 (52%)
10 (43%)

Period 2 (N%)

7 (75%)
9 (48%)
8 (48%)
3 (47%)

p value

<0.05
NS
NS
NS





