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Abstract

Introduction: In light of the recent evidence suggesting an increase in idiopathic central precocious puberty
(ICPP) during the COVID-19 pandemic, this study aimed to assess the incidence of newly diagnosed ICPP
cases and compare differences in demographic, anthropometric, and clinical characteristics pre-pandemic
and during the pandemic.

Methods: We conducted a retrospective study at a national reference pediatric endocrinology unit in
Portugal to evaluate the proportion of referrals for precocious puberty (PP) and, within this group, the
number of ICPP cases diagnosed before (group 1: January 2018 to March 2020) and during the pandemic
(group 2: April 2020 to June 2022). Additionally, we compared the demographic, anthropometric, and
clinical characteristics of ICPP patients between the two groups.

Results: Out of 258 patients referred for PP, 20 were diagnosed with ICPP (19 girls and one boy). Sixteen
cases were diagnosed during the pandemic, marking a significant increase (16 vs. 4, p = 0.023), especially
among girls. Additionally, thelarche onset occurred earlier during the pandemic (6.9 vs. 7.3, decimal age (DA)
in years, p = 0.035). Despite pandemic challenges, a prompt medical response was observed, with a shorter
time from first visit to treatment (DA at the onset of treatment - DA at first visit: 0.19 vs. 0.79 years; p =
0.015). No other parameters showed significant differences. Referrals for PP during the pandemic were not
significantly higher than pre-pandemic (144 of 904 vs. 114 of 758, p > 0.05).

Conclusion: This study revealed a significant four-fold increase in the diagnosis of ICPP during the
pandemic, particularly among girls. Furthermore, in the pandemic group, thelarche onset was earlier, raising
the question of whether increased parental presence at home contributed to heightened awareness of
pubertal changes. Despite the challenges posed by the pandemic in terms of referrals and follow-up, these
results point to efficient work that led to prompt treatment initiation without delays, unlike in other
pathologies, as mainly observed in adults. Surprisingly, no significant increase in body mass index was
observed, suggesting that other factors may be involved. To substantiate these findings and uncover
additional potential contributing factors for the development of ICPP, a more extensive research effort is
warranted.

Categories: Endocrinology/Diabetes/Metabolism, Pediatrics, Environmental Health
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Introduction

Precocious puberty (PP) is commonly defined as the premature onset of secondary sexual characteristics
before age eight in girls and nine in boys. It can be categorized into central PP, triggered by early activation
of the hypothalamic-pituitary-gonadal axis, or peripheral PP, driven by hormonal stimulation independent
of the hypothalamic-pituitary-gonadal axis. It is important to accurately differentiate from benign pubertal
variants, including isolated premature thelarche, premature adrenarche, or premature menarche. PP is more
common in girls, generally central PP of idiopathic origin. In boys, despite being less common, it is
proportionally more likely to have a serious underlying cause, frequently involving central nervous system
abnormalities [1-3].

A key clinical sign in girls with idiopathic central precocious puberty (ICPP) is breast development (Tanner
breast stage 2 or above), and in boys, it is testicular enlargement (>4 ml, Tanner genital stage 2 or above).
Other clinical features include accelerated growth velocity, advanced bone age, and a faster rate of pubertal
progression [2,3]. Additionally, females may present with ultrasound-detected enlargement of the ovaries
and uterus, as well as altered uterine shape [2,4,5].
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The laboratory-based initial assessment includes the evaluation of sex steroids and gonadotropins. The gold-
standard biochemical diagnosis relies on evaluating basal luteinizing hormone (LH) and/or hypothalamic
gonadotropin-releasing hormone (GnRH)-stimulated LH levels and LH/follicle-stimulating hormone (FSH)
ratio. Hand and wrist X-rays are crucial for skeletal age evaluation, and additional considerations include
neuroimaging and pelvic ultrasound [2,3].

The use of GnRH analogs (GnRHa) in treatment is beneficial for halting puberty progression, attenuating
accelerated growth and bone maturation, and consequently optimizing final height [2,3,6].

The etiology of ICPP remains not fully understood. Beyond genetic factors, others such as environmental,
ethnicity, international adoption, socioeconomic, nutritional status, psychological, and metabolic factors
may all play roles in the development of ICPP [1,7-12]. Growing concerns have also emerged regarding
exposure to endocrine disruptors during both prenatal and postnatal periods [13-15], as well as more recent
considerations related to the use of electronic devices [16-18].

The COVID-19 pandemic has brought about drastic changes in lifestyle and social interactions. Measures
like lockdowns, social distancing, and restrictions on daily activities have profoundly impacted societal
functions, including the educational system adapting to remote learning. As a result, significant
consequences emerged, such as increased screen time, exacerbated sedentary behavior, elevated and
potentially unhealthy eating habits, disrupted sleep patterns, heightened psychological stress, and increased
indoor activities, potentially leading to greater exposure to endocrine disruptors [18-21]. All these changes
in the environment and lifestyle may have significantly influenced children's pubertal development [19-21].

Recent scientific evidence demonstrates a growing trend in increased referrals for PP cases, particularly
central PP with rapid progression, during periods of lockdown [16,21-26].

In light of the recent evidence and throughout the clinical activities of a single pediatric endocrinology unit
at a tertiary-level hospital in Portugal, we observed a continuous rise in the number of diagnosed cases of
ICPP since the onset of the COVID-19 pandemic. This observation prompted us to investigate the proportion
of children referred for PP and, within this group, the number of ICPP cases diagnosed before and during the
pandemic. Additionally, we aimed to explore potential differences in demographic, anthropometric, and
clinical characteristics of ICPP patients between the two groups (group 1: pre-pandemic vs. group 2: during
the COVID-19 pandemic).

This study was previously presented as a meeting abstract and a poster at the European Society for
Paediatric Endocrinology (ESPE) Annual Scientific Meeting on September 21, 2023.

Materials And Methods

On March 11, 2020, the WHO classified COVID-19 as a pandemic [27]. Considering the onset of the pandemic
and the date of the first pediatric endocrinology appointment, the sample was divided into two groups: the
pre-pandemic group (group 1), from January 2018 to March 2020 (inclusive), and the pandemic group (group
2), from April 2020 to June 2022 (inclusive). At first, an assessment was made to determine if there were
significant differences in referrals for suspected PP, the total number of referrals, and the proportion of
newly diagnosed ICPP cases among those PP referrals between the two groups.

Key definitions included precocious puberty, corresponding to the development of secondary sexual
characteristics before eight years in females and before nine years in males. Idiopathic central precocious
puberty was defined as the onset of breast development before eight years in females and testicular volume
>4 ml before nine years in males. Testicular volume among male participants was assessed using a Prader
orchidometer. In addition, testicular ultrasound was performed when needed to provide a more precise
measurement of testicular volume. All participants classified as having ICPP in this study met both clinical
and analytical criteria for hypothalamic-pituitary-gonadal axis activation, based on the gold standard
criteria: basal LH > 0.3 IU/L and/or a GnRH stimulation test with peak LH > 3.3-5 IU/L and an LH/FSH ratio >
0.66[2,28].

In addition to analytical data, imaging data, including hand and wrist X-rays, brain magnetic resonance
imaging, and pelvic ultrasound, were analyzed from confirmed ICPP cases. Those who presented central
nervous system anomalies and genetic syndromes were excluded. The Greulich and Pyle atlas was utilized
for bone age assessment.

We also assessed demographic, clinical, and anthropometric characteristics from the first visits of ICPP
patients in both groups. Data on treatment initiation and age at onset of treatment were the only
exceptions, as these were obtained from subsequent consultations.

Continuous variables included decimal age (DA) at first visit (years), DA at thelarche onset (years), height
(cm and standard deviation score (SDS)), weight (kg and SDS), body mass index (BMI) (kg/m2 and SDS), bone
age (BA) (DA in years), BA minus DA (years), DA at the onset of treatment (years), mid-parental height (MPH)
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(cm and SDS), DA at the onset of treatment minus DA at first visit (years), and height SDS minus MPH SDS.
Categorical variables included gender (feminine or masculine), nutritional status
(normal/overweight/obese), Tanner stage at diagnosis (II/I1I/IV/V), menarche at diagnosis (yes or no), and
required treatment with GnRH analogs (yes or no). Auxology® version 1.0 b 17, released in 2003 (Pfizer, New
York, NY), was used to calculate all SDS.

Data were obtained from the medical records of a single pediatric endocrinology unit at a tertiary-level
hospital. This study complies with the Declaration of Helsinki, and approval from the Unidade Local de
Satide de Santo Anténio/Instituto de Ciéncias Biomédicas Abel Salazar Review Board was granted

on September 27, 2024, (Approval number: 2024.148 (119-DEFI/131-CE)). Data were collected using pseudo-
random alphanumeric identifiers, ensuring irreversible anonymization. Verbal consent for data collection
and potential publication was obtained from legal guardians during each appointment. Written consent was
waived by the Ethics Committee, following the appropriate rationale. Data collection, processing, and
analysis were performed using the IBM SPSS Statistics 27® program (IBM Corp., Armonk, NY), ensuring that
the assumptions of the applied tests were met. The number of referrals for suspected PP, within the total
referrals, and newly diagnosed ICPP cases, from those suspected PP referrals, were compared between the
two groups using the chi-square test. Frequency distributions were used to describe these values. The
characteristics of the study population were described using frequency distributions for categorical variables,
and due to the small sample size, statistical significance is not presented. The statistical significance of the
continuous variable comparisons was evaluated through the Mann-Whitney test, and these were described
using median and interquartile ranges (25th-75th percentile). Due to the small sample size, this test was
chosen for all continuous variables. A p-value of <0.05 with a 95% confidence interval was considered
statistically significant, based on two-tailed tests [29].

Results

Out of 258 patients referred for PP, 20 were diagnosed with ICPP (19 girls and one boy). Strikingly, 16 of
these diagnoses occurred after the onset of the COVID-19 pandemic (16 in 144 referrals for PP, 11.1%),
marking a significant four-fold rise compared to the pre-pandemic period (four in 114 referrals for PP, 3.5%,
p = 0.023), particularly among girls. As expected, the number of male cases was found to be less in our study.

Upon examination, we observed that the number of referrals for PP in the pandemic group (144 out of 904
total referrals, 15.9%) did not exhibit a statistically significant increase compared to the pre-pandemic group
(114 out of 758 total referrals, 15.0%, p > 0.05).

The age at the first visit did not show a significant difference between the two groups, with group 1
presenting at 8.06 years and group 2 at 7.87 years (p > 0.05). However, the age at thelarche onset exhibited a
statistically significant decrease in the pandemic group (6.9 years) compared to the pre-pandemic group (7.3
years, p = 0.035).

Furthermore, the age at treatment onset showed a trend toward earlier initiation in the pandemic group
(8.04 years) compared to the pre-pandemic group (8.65 years), although this difference did not reach
statistical significance (p > 0.05). However, the analysis of the time from the first visit to treatment onset
revealed a statistically significant difference, indicating a shorter interval in the pandemic group (0.19 years)
compared to the pre-pandemic group (0.79 years, p = 0.015).

Anthropometric measurements, including height, weight, and BMI, displayed no significant differences
between the two groups. Other anthropometric and clinical parameters described in Table I revealed no
significant differences between the study groups.

Variables Group 1 Group 2 p-value
Total referrals, n 758 904 -
Referrals for PP, n 114 144 -
Proportion of referrals for PP, % 15.0 15.9 0.618
Precocious children with ICPP, n 4 16 -
Proportion of precocious children having ICPP, % 3.5 1.1 0.023*
Gender, n
Female 4 15

NA
Male 0 1
DA at first visit, years 8.06 (7.58-8.38) 7.87 (7.06-8.39) 0.508
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DA at thelarche onset, years 7.3(7.0-7.7) 6.9 (6.1-7) 0.035*
Height, cm 132.6 (126.1-139.5) 130 (125.2-137.8) 0.777
Height SDS 1.42 (0.61-2.14) 1.32 (0.55-2.04) 0.850
Weight, kg 28.75 (26-35) 29.3 (25.7-39.1) 0.962
Weight SDS 0.72 (0.14-1.55) 1(0.25-1.73) 0.705
BMI, kg/m? 16.36 (16.01-18.28) 18 (15.89-20.17) 0.571
BMI SDS 0.26 (-0.07-1.07) 0.94 (0.14-1.67) 0.478
BMI status, n
Normal 3 9
Overweight 1 5 NA
Obese 0 2
Tanner stage at diagnosis, n
I 1 7
] 2 7

NA
\% 1 1
\% 0 1
BA, DA in years 10.50 (9.25-11) 9 (7.42-10) 0.182
BA - DA, years 2.09 (1.50-2.63) 1.25 (0.67-1.79) 0.185
Menarche at diagnosis, n
Yes 1 1

NA
No 4 15
Required treatment, n
Yes 3 15

NA
No 1 1
DA at the onset of treatment, years 8.65 (8.28-8.83) 8.04 (7.25-8.53) 0.213
MPH, cm 161 (159.3-164.7) 164 (159.2-166) 0.688
MPH, SDS -0.18 (-0.46-0.44) 0.16 (-0.67-0.66) 0.920
Height SDS - MPH SDS 1.89 (0.33-2.45) 1.02 (0.57-1.90) 0.484
DA at the onset of treatment - DA at the first visit, years 0.79 (0.58-1.15) 0.19 (0.08-0.29) 0.015*

TABLE 1: Comparison of the proportion of children referred for PP and diagnosed with ICPP, as
well as demographic, anthropometric, and clinical parameters at the first visit, among those
diagnosed with ICPP in group 1 vs. group 2.

Data are given as median (IQR — percentile) or frequency distributions. * Indicates statistically significant difference in the parameter between the two

groups, p < 0.05.

BA: bone age; BMI: body mass index; DA: decimal age; ICPP: idiopathic central precocious puberty; MPH: mid-parental height; NA: numbers too small to
estimate significance; PP: precocious puberty; SDS: standard deviation score.

Discussion

As anticipated, our study unveiled a substantial increase in the diagnosis of ICPP during the pandemic,
particularly among girls.
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Notably, we observed a statistically significant earlier onset of thelarche in the pandemic group. This finding
raises the question of whether heightened parental presence at home during the pandemic led to increased
awareness of changes in pubertal development.

Despite the challenges posed by the pandemic, particularly in terms of referrals and follow-up, our results
highlight the effectiveness of our approach. This efficiency ensured the prompt initiation of treatment
without delays, as demonstrated by the difference in age at treatment onset compared to the first visit in the
pandemic group (0.19 vs. 0.79 years, p = 0.015).

Surprisingly, our data revealed no significant increase in BMI, suggesting that other factors beyond weight
gain may be involved in the activation of the hypothalamic-pituitary-gonadal axis.

In recent studies conducted across various global centers, there is a consistent pattern aligning with our
observations, indicating a worldwide surge in the diagnosis of ICPP and a concurrent increase in cases of
rapidly progressive puberty [22].

The initial documentation of this phenomenon originates from Italy, where a study revealed a significant
increase in newly diagnosed ICPP cases among girls during and after the Italian lockdown for the COVID-19
infection (March - July 2020), compared to the previous five years. Those diagnosed during the pandemic
demonstrated an onset of puberty at a significantly younger age, accompanied by higher hormonal levels
(LH, estradiol, LH level in GnRH stimulation test). Notably, this study also highlighted an accelerated
pubertal progression during or after lockdown in previously diagnosed cases of slow progression ICPP. This
accelerated trend was referred to as potentially linked to environmental stressors, including heightened
electronic device use. Although no significant differences were found in auxological parameters among
children diagnosed with ICPP before and during the lockdown, a notable finding was the significant increase
in BMI among children diagnosed with slowly progressive ICPP before the lockdown, with a subsequent visit
during or after the lockdown. This contrasted with the control group, where both visits occurred only before
the lockdown [16].

In Italy, another study reported an increase in new ICPP cases in girls after lockdown measures, with an
incidence rate of ICPP from April 2020 to April 2021 being 2.5 times higher than the period from 2017 to
2020. Similarly, this study found no significant differences in BMI between the two groups. ICPP cases
diagnosed during the pandemic exhibited higher hormonal levels at diagnosis, along with increased rates of
sleep disturbances and later bedtime compared to controls [21].

This emerging trend has also been emphasized in reports from Turkey [23-25]. One of these was a multi-
center study where the number of ICPP cases in the pandemic group (March 9, 2020 - September 9, 2020)
was also significantly higher than those in the pre-pandemic group (March 9, 2019 - March 9, 2020),
associated with increased rates of treatment with GnRH analogs [28]. Another study documented an increase
in ICPP and rapidly progressive early puberty female cases, which in total were approximately three times
higher during the first 15 months after the onset of the pandemic (April 2020 - June 2021) compared to the
same period before (January 2019 - March 2020) [24]. These reports also did not find a significant difference
in BMI SDS between pre-pandemic and pandemic groups [23-25].

Another example is from India, where the study reported a three-fold increase in referrals for precocity
during the COVID-19 lockdown, especially in girls. The proportion of ICPP cases during the lockdown period
was significantly higher compared to the pre-lockdown period. In this study, while BMI did not show
significant differences between groups, a more advanced bone age and a notable difference in bone age and
chronological age in the lockdown group were observed, suggesting a potentially more rapidly progressive
puberty. Additionally, though the Tanner stage at the first visit was not significantly different between the
two groups, an increase in the proportion of patients presenting with late puberty was observed in the
lockdown group [26].

The present study has some limitations that need to be considered. Firstly, the data were collected from a
single center, resulting in a small sample size, which potentially limits the generalizability of the findings.
Additionally, although there are a number of hypothetical factors that may be associated with the increased
frequency of ICPP, such as lifestyle changes during the pandemic, they were not investigated in this study.
Another limitation is that the data were obtained from the medical records of the first visit, with information
related to follow-up limited to the initiation of treatment and age at the start of treatment. Other data
points, such as the velocity of puberty progression and bone age evolution during follow-up, were not
assessed or analyzed.

Conclusions

In conclusion, our study highlights a significant rise in the diagnosis of ICPP in girls during the COVID-19
pandemic, consistent with global reports of increased ICPP and rapidly progressive puberty cases. These
findings call for further long-term research to understand the contributing factors and post-pandemic
trends, enabling the development of effective preventive measures to protect children's well-being.

2024 Resende et al. Cureus 16(12): €76504. DOI 10.7759/cureus.76504 50f 7


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Maria Miguel Resende, Teresa Borges, Joana Freitas

Acquisition, analysis, or interpretation of data: Maria Miguel Resende, Patricia Gomes Pereira, Catarina
Mendes, Maria Joao Oliveira, Teresa Borges, Joana Freitas

Drafting of the manuscript: Maria Miguel Resende

Critical review of the manuscript for important intellectual content: Patricia Gomes Pereira, Catarina
Mendes, Maria Joao Oliveira, Teresa Borges, Joana Freitas

Supervision: Teresa Borges, Joana Freitas

Disclosures

Human subjects: Consent for treatment and open access publication was obtained or waived by all
participants in this study. Unidade Local de Sadde de Santo Anténio/Instituto de Ciéncias Biomédicas Abel
Salazar issued approval 2024.148 (119-DEFI/131-CE). This study complies with the Declaration of Helsinki
and received approval for publication as an original article from the Ethics Committee of Unidade Local de
Satide de Santo Anténio/Instituto de Ciéncias Biomédicas Abel Salazar on September 11, 2024. Institutional
Review Board approval was granted on September 27, 2024, (Approval number: 2024.148 (119-DEFI/131-
CE)). The data collection process resulted in a database with pseudo-random alphanumeric identifiers,
ensuring that participant data remain irreversibly anonymised. Verbal consent for data collection for
potential publication was obtained from legal guardians during each appointment. Due to the retrospective
nature of the study, the large sample size, and the inability to identify the patients, a request was submitted
to the Ethics Committee to waive the requirement for written informed consent, which was subsequently
granted. Animal subjects: All authors have confirmed that this study did not involve animal subjects or
tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. Abreu AP, Kaiser UB: Pubertal development and regulation . Lancet Diabetes Endocrinol. 2016, 4:254-64.
10.1016/S2213-8587(15)00418-0
2. Cheuiche AV, da Silveira LG, de Paula LC, Lucena IR, Silveiro SP: Diagnosis and management of precocious
sexual maturation: an updated review. Eur ] Pediatr. 2021, 180:3073-87. 10.1007/s00431-021-04022-1
3. Latronico AC, Brito VN, Carel JC: Causes, diagnosis, and treatment of central precocious puberty . Lancet
Diabetes Endocrinol. 2016, 4:265-74. 10.1016/52213-8587(15)00380-0
4. Binay C, Simsek E, Bal C: The correlation between GnRH stimulation testing and obstetric ultrasonographic
parameters in precocious puberty. | Pediatr Endocrinol Metab. 2014, 27:1193-9. 10.1515/jpem-2013-0363
5. Wen X, Wen D, Zhang H, Zhang H, Yang Y: Observational study pelvic ultrasound a useful tool in the
diagnosis and differentiation of precocious puberty in Chinese girls. Medicine (Baltimore). 2018, 97:e0092.
10.1097/MD.0000000000010092
6. Guaraldi F, Beccuti G, Gori D, Ghizzoni L: Management of endocrine disease: long-term outcomes of the
treatment of central precocious puberty. Eur | Endocrinol. 2016, 174:R79-87. 10.1530/EJE-15-0590
7. Chumlea WC, Schubert CM, Roche AF, Kulin HE, Lee PA, Himes JH, Sun SS: Age at menarche and racial
comparisons in US girls. Pediatrics. 2003, 111:110-3. 10.1542/peds.111.1.110
8. Martos-Moreno GA, Chowen JA, Argente J: Metabolic signals in human puberty: effects of over and
undernutrition. Mol Cell Endocrinol. 2010, 324:70-81. 10.1016/j.mce.2009.12.017
9. Biro FM, Greenspan LC, Galvez MP, et al.: Onset of breast development in a longitudinal cohort . Pediatrics.
2013, 132:1019-27. 10.1542/peds.2012-3773
10. Leka-Emiri S, Chrousos GP, Kanaka-Gantenbein C: The mystery of puberty initiation: genetics and
epigenetics of idiopathic central precocious puberty (ICPP). ] Endocrinol Invest. 2017, 40:789-802.
10.1007/540618-017-0627-9
11. Livadas S, Chrousos GP: Molecular and environmental mechanisms regulating puberty initiation: an
integrated approach. Front Endocrinol (Lausanne). 2019, 10:828. 10.3389/fendo0.2019.0082.8
12.  Stagi S, Papacciuoli V, Boiro D, et al.: Auxological and endocrinological features in internationally adopted
children. Ital ] Pediatr. 2020, 46:82. 10.1186/s13052-020-00832-5
13.  LeeJE, Jung HW, Lee YJ, Lee YA: Early-life exposure to endocrine-disrupting chemicals and pubertal
development in girls. Ann Pediatr Endocrinol Metab. 2019, 24:78-91. 10.6065/apem.2019.24.2.78
14. Lopez-Rodriguez D, Franssen D, Heger S, Parent AS: Endocrine-disrupting chemicals and their effects on

2024 Resende et al. Cureus 16(12): €76504. DOI 10.7759/cureus.76504 60f7


https://dx.doi.org/10.1016/S2213-8587(15)00418-0
https://dx.doi.org/10.1016/S2213-8587(15)00418-0
https://dx.doi.org/10.1007/s00431-021-04022-1
https://dx.doi.org/10.1007/s00431-021-04022-1
https://dx.doi.org/10.1016/S2213-8587(15)00380-0
https://dx.doi.org/10.1016/S2213-8587(15)00380-0
https://dx.doi.org/10.1515/jpem-2013-0363
https://dx.doi.org/10.1515/jpem-2013-0363
https://dx.doi.org/10.1097/MD.0000000000010092
https://dx.doi.org/10.1097/MD.0000000000010092
https://dx.doi.org/10.1530/EJE-15-0590
https://dx.doi.org/10.1530/EJE-15-0590
https://dx.doi.org/10.1542/peds.111.1.110
https://dx.doi.org/10.1542/peds.111.1.110
https://dx.doi.org/10.1016/j.mce.2009.12.017
https://dx.doi.org/10.1016/j.mce.2009.12.017
https://dx.doi.org/10.1542/peds.2012-3773
https://dx.doi.org/10.1542/peds.2012-3773
https://dx.doi.org/10.1007/s40618-017-0627-9
https://dx.doi.org/10.1007/s40618-017-0627-9
https://dx.doi.org/10.3389/fendo.2019.00828
https://dx.doi.org/10.3389/fendo.2019.00828
https://dx.doi.org/10.1186/s13052-020-00832-5
https://dx.doi.org/10.1186/s13052-020-00832-5
https://dx.doi.org/10.6065/apem.2019.24.2.78
https://dx.doi.org/10.6065/apem.2019.24.2.78
https://dx.doi.org/10.1016/j.beem.2021.101579

Cureus

Part of SPRINGER NATURE

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

puberty. Best Pract Res Clin Endocrinol Metab. 2021, 35:101579. 10.1016/j.beem.2021.101579

Predieri B, Alves CA, Iughetti L: New insights on the effects of endocrine-disrupting chemicals on children .

Pediatr (Rio J). 2022, 98:S73-85. 10.1016/j.jped.2021.11.003

Stagi S, De Masi S, Bencini E, et al.: Increased incidence of precocious and accelerated puberty in females
during and after the Italian lockdown for the coronavirus 2019 (COVID-19) pandemic. Ital ] Pediatr. 2020,
46:165. 10.1186/513052-020-00931-3

Ugurlu AK, Bideci A, Demirel AM, et al.: Is blue light exposure a cause of precocious puberty in male rats? .
Front Endocrinol (Lausanne). 2023, 14:1190445. 10.3389/fend0.2023.1190445

Chioma L, Bizzarri C, Verzani M, et al.: Sedentary lifestyle and precocious puberty in girls during the
COVID-19 pandemic: an Italian experience. Endocr Connect. 2022, 11:€210650. 10.1530/EC-21-0650

Guo YF, Liao MQ, Cai WL, et al.: Physical activity, screen exposure and sleep among students during the
pandemic of COVID-19. Sci Rep. 2021, 11:8529. 10.1038/s41598-021-88071-4

Street ME, Sartori C, Catellani C, Righi B: Precocious puberty and COVID-19 into perspective: potential
increased frequency, possible causes, and a potential emergency to be addressed. Front Pediatr. 2021,
9:734899. 10.3389/fped.2021.734899

Umano GR, Maddaluno I, Riccio S, et al.: Central precocious puberty during COVID-19 pandemic and sleep
disturbance: an exploratory study. Ital ] Pediatr. 2022, 48:60. 10.1186/s13052-022-01256-7

Prosperi S, Chiarelli F: Early and precocious puberty during the COVID-19 pandemic . Front Endocrinol
(Lausanne). 2022, 13:1107911. 10.3389/fendo.2022.1107911

Acar S, Ozkan B: Increased frequency of idiopathic central precocious puberty in girls during the COVID-19
pandemic: preliminary results of a tertiary center study. ] Pediatr Endocrinol Metab. 2022, 35:249-51.
10.1515/jpem-2021-0565

Acinikli KY, Erbag IM, Besci O, Demir K, Abaci A, Béber E: Has the frequency of precocious puberty and
rapidly progressive early puberty increased in girls during the COVID-19 pandemic?. | Clin Res Pediatr
Endocrinol. 2022, 14:302-7. 10.4274/jcrpe.galenos.2022.2022-12-11

Yesiltepe Mutlu G, Eviz E, Haliloglu B, et al.: The effects of the COVID-19 pandemic on puberty: a cross-
sectional, multicenter study from Turkey. Ital ] Pediatr. 2022, 48:144. 10.1186/s13052-022-01337-z
Mondkar SA, Oza C, Khadilkar V, Shah N, Gondhalekar K, Kajale N, Khadilkar A: Impact of COVID-19
lockdown on idiopathic central precocious puberty - experience from an Indian centre. J Pediatr Endocrinol
Metab. 2022, 35:895-900. 10.1515/jpem-2022-0157

World Health Organization. WHO Director-General’s opening remarks at the media briefing on COVID-19 -
11 March 2020. (2020). Accessed: September 24, 2024: https://www.who.int/director-
general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-....

Oerter KE, Uriarte MM, Rose SR, Barnes KM, Cutler GB Jr: Gonadotropin secretory dynamics during puberty
in normal girls and boys. ] Clin Endocrinol Metab. 1990, 71:1251-8. 10.1210/jcem-71-5-1251

Pestana MH, Gageiro JM: Andlise de Dados para Ciéncias Sociais: A Complementaridade do SPSS. 5th
edition. (Book in Portuguese). Silabo, Lisbon, Portugal; 2008.

2024 Resende et al. Cureus 16(12): €76504. DOI 10.7759/cureus.76504

7of7


https://dx.doi.org/10.1016/j.beem.2021.101579
https://dx.doi.org/10.1016/j.jped.2021.11.003
https://dx.doi.org/10.1016/j.jped.2021.11.003
https://dx.doi.org/10.1186/s13052-020-00931-3
https://dx.doi.org/10.1186/s13052-020-00931-3
https://dx.doi.org/10.3389/fendo.2023.1190445
https://dx.doi.org/10.3389/fendo.2023.1190445
https://dx.doi.org/10.1530/EC-21-0650
https://dx.doi.org/10.1530/EC-21-0650
https://dx.doi.org/10.1038/s41598-021-88071-4
https://dx.doi.org/10.1038/s41598-021-88071-4
https://dx.doi.org/10.3389/fped.2021.734899
https://dx.doi.org/10.3389/fped.2021.734899
https://dx.doi.org/10.1186/s13052-022-01256-z
https://dx.doi.org/10.1186/s13052-022-01256-z
https://dx.doi.org/10.3389/fendo.2022.1107911
https://dx.doi.org/10.3389/fendo.2022.1107911
https://dx.doi.org/10.1515/jpem-2021-0565
https://dx.doi.org/10.1515/jpem-2021-0565
https://dx.doi.org/10.4274/jcrpe.galenos.2022.2022-12-11
https://dx.doi.org/10.4274/jcrpe.galenos.2022.2022-12-11
https://dx.doi.org/10.1186/s13052-022-01337-z
https://dx.doi.org/10.1186/s13052-022-01337-z
https://dx.doi.org/10.1515/jpem-2022-0157
https://dx.doi.org/10.1515/jpem-2022-0157
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://dx.doi.org/10.1210/jcem-71-5-1251
https://dx.doi.org/10.1210/jcem-71-5-1251
https://silabo.pt/catalogo/informatica/aplicativos-estatisticos/livro/analise-de-dados-para-ciencias-sociais/

	Emerging Trend of Central Precocious Puberty: A Retrospective Study of Cases Diagnosed Before and During the COVID-19 Pandemic in a Portuguese Tertiary-Level Hospital
	Abstract
	Introduction
	Materials And Methods
	Results
	TABLE 1: Comparison of the proportion of children referred for PP and diagnosed with ICPP, as well as demographic, anthropometric, and clinical parameters at the first visit, among those diagnosed with ICPP in group 1 vs. group 2.

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


