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Abstract
Objective: Central precocious puberty (CPP) is treated with long-acting gonadotropin releasing hormone (GnRH) analogues (GnRHa). 
Some adult patients undergoing GnRHa treatment experienced prolonged QT syndrome, which is associated with an increased risk of 
serious cardiac events, such as myocardial infarction, stroke, arrhythmias, and sudden cardiac death.
Methods: Seventy-four patients, aged between 5 and 11 years and diagnosed with CPP but with no other concomitant disease or 
medication use, underwent electrocardiogram (ECG) assessment. They had been receiving 3.75 mg leuprolide acetate (Lucrin® Depot) 
injections every 28 days for at least three months. 
Results: The ECGs of all patients showed a corrected QT (QTc) interval within normal limits, consistent with the data for healthy Turkish 
children of the same age and gender. No other pathological physical examination or ECG findings were observed. Furthermore, there was 
no significant difference in QTc interval when adjusted for age, anthropometric data, or the duration or cumulative dose of the treatment.
Conclusion: The study found no correlation between QTc interval values and age, treatment duration, total cumulative dose, and 
anthropometric data. These findings suggest that cardiovascular adverse events associated with GnRHa treatment may be related to age 
and other underlying physiopathological conditions in adults rather than being directly due to the drug.
Keywords: Precocious puberty, leuprolide acetate, children, ECG, prolonged QT

What this study adds?
In this study, no prolonged QT or other pathological electrophysiological findings were found in young girls, aged 5-11 years, receiving 
leuprolide acetate treatment due to CPP. No correlation was found between corrected QT values and age, treatment duration, total 
cumulative dose, and anthropometric data in this cohort. These results suggested no adverse effect of leuprolide acetate on cardiovascular 
adverse events. 

What is already known on this topic?
Gonadotropin releasing hormone (GnRH) analogues are the only drugs used in the treatment of central precocious puberty (CPP) in 
children. Increased cardiovascular events and especially a serious disorder of prolonged QT in some adult patient groups while receiving 
GnRH analogue treatment have been reported in recent studies. Prolonged QT and arrhythmias are life-threatening conditions and 
can be detected by electrocardiogram (ECG), which is a cheap, non-invasive, and easily accessible test. However, more evidence-based 
information is needed to recommend ECG before and during GnRH analogue treatment in children. 
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Introduction 

Central precocious puberty (CPP) is the premature 
development of secondary sexual characteristics in girls 
before the age of 8 years and in boys before the age of 
9 years due to the early maturation of the hypothalamic-
pituitary-gonadal axis (1). The treatment of CPP involves the 
use of long-acting gonadotropin releasing hormone (GnRH) 
analogues (GnRHas), which paradoxically downregulate and 
subsequently suppress the HPG axis. These drugs have been 
used for many years (2). The aim of treatment for CPP is 
to preserve height potential, prevent early menarche, and 
address psychosocial issues. GnRH agonists are commonly 
used in the treatment of conditions such as prostate and 
breast cancer, endometriosis, and uterine fibroids in adults. 
It has been reported that adult patients undergoing GnRHa 
treatment may develop prolonged QT syndrome, which is 
linked to a higher risk of serious cardiac events, including 
myocardial infarction, stroke, arrhythmias, and sudden 
cardiac death. The elevated incidence of cardiovascular events 
in adult male patients undergoing androgen deprivation 
therapy for prostate cancer has been mainly attributed to 
the androgen deprivation. However, GnRH agonists have 
been found to be more strongly linked to cardiovascular 
events than other agents, such as GnRH antagonists, used 
for androgen deprivation. It has been suggested that GnRH 
agonists have a more significant impact on cardiovascular 
events beyond androgen deficiency (3,4,5,6). 

The drug’s prospectus reports these complications, but 
there is no evidence in the literature regarding their effects 
on women and children. Thus, the aim of this study was 
to investigate the effect of leuprolide acetate treatment 
on electrocardiogram (ECG) findings in children with CPP. 
Investigating the effects of this treatment on cardiac rhythm 
and corrected QT (QTc) interval is important to assess the 
safety of this drug in the pediatric population.

Methods

Girls aged between 5 and 11 years and diagnosed with CPP, 
were included in this prospective cross-sectional study. 
The study received approval from Ümraniye Training and 
Research Hospital Local Ethics Committee (approval number: 
B.10.1.TKH.4.34.H.GP.0.01/160, date: 15.05.2023). The 
authors have complied with the World Medical Association 
Declaration of Helsinki regarding ethical conduct of research 
involving human subjects and/or animals.

The decision for treatment was typically made on an 
individual basis, considering the patient’s age at puberty 
onset, rate of progression of puberty, accelerated growth and 

bone age, hormone levels, ultrasonographic measurements, 
and the expectation of early menarche. The study included 
patients who had been receiving 3.75 mg leuprorelin 
acetate (Lucrin® Depot) injections every 28 days for at least 
three months. The birth weight, week of gestation at birth, 
nutritional status, and history of any previous or ongoing 
disease medication use were recorded. The study included 
patients who only used leuprolide acetate as GnRHa 
therapy and were still under treatment during the study 
period. Among these patients, patients who had any health 
problems other than early puberty, who used any other 
medications within the last three months (therapy for allergic 
diseases, attention disorders, epilepsy, psychopathologies, 
inflammatory diseases), and who did not agree to have 
an ECG at the baseline study visit were excluded. A repeat 
ECG was requested if it was not of sufficient quality due to 
artifacts, but those who did not have a repeat ECG were also 
excluded from the study. 

All patients underwent a thorough physical examination, 
with particular attention paid to the cardiovascular system, 
and an ECG test at their first visit after being enrolled in 
the study. During this visit, the following parameters 
were recorded: age, duration of treatment (in months), 
cumulative dose of leuprolide acetate (calculated as total mg/
kg), height, weight, and body mass index. Anthropometric 
data were recorded as standard deviation (SD) scores which 
were calculated using an online application (Child Metrics®) 
which uses reference data for Turkish children (7,8). The 
ECG results were evaluated by a pediatric cardiologist. The 
cardiac rhythm, heart rate, and QTc interval, calculated 
using the Bazett formula, were recorded (9). The primary 
focus of ECG analysis was the QTc interval, which is key 
for assessing the cardiac repolarization phase and potential 
arrhythmia risk (10). Correlation analyses were used to 
investigate potential relationships between the variables 
and ECG measurements. The QTc intervals of the patients 
were compared to the reference values of age- and gender-
matched healthy Turkish children. The reference value for 
5-8 year-old girls is 422 (382-465) milliseconds (ms) and for 
8-12 year-old girls is 422 (377-486) ms (11).

Statistical Analysis 

Statistical analysis was conducted using IBM Statistical 
Package for the Social Sciences, version 22 (IBM Inc., 
Armonk, NY, USA). The normality of the data was evaluated 
using the Shapiro-Wilk test. The results are presented 
as mean±SD since the data was normally distributed. 
The independent-samples t-test was used to compare the 
independent groups. The Wilcoxon signed test was used 
to compare related samples. For correlation analyses, the 
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Pearson test was used for normally distributed variables. 
The level of significance for all analyses was set at p<0.05.

Results

The study analyzed a cohort of 74 female patients, aged 
between 5 and 11 years, who were receiving leuprolide 
acetate. The mean age at the start of treatment was 
7.58±0.91, ranging 5.2-9.5 years, and the mean age at 
which an ECG was performed was 8.95±1.17 years, ranging 
5.5-11.0 years. The mean total duration of treatment before 
the ECG was 17.6±10.5 months, with a minimum of 3 
months and a maximum of 66 months, and the cumulative 
dose received was 58.4±31.3 mg/m2, ranging 10.04-186.7 
mg/m2.

The cardiology assessment showed no symptoms or 
pathological physical examination findings. Two patients 
had nonspecific ST-T changes. Among the 72 patients with 
normal ECG findings, 37 had respiratory sinus arrhythmia 
and two had only one atrial escape beat. The QTc interval 
was within normal limits in all ECGs. The mean QTc was 
390±10 ms, ranging from 360-430 ms, which is within 
normal limits and was not longer than the reference value 
for healthy Turkish children according to age and gender. 
Non-parametric tests revealed no difference between QT 
intervals before treatment and at the end of sixth month of 
the treatment in seven patients who were newly diagnosed 
during the study (p=0.753). There was no significant 

difference between patients who received leuprolide acetate 
treatment for 18 months or more and those who received 
it for a shorter period. In addition, there was no significant 
difference between patients who received a leuprolide 
acetate cumulative dose of 2 mg/kg or more and those 
who received less (Table 1). Our analysis did not reveal any 
correlation between the QTc values and the patients’ age, 
duration of treatment, cumulative dose, or anthropometric 
data, as shown in Table 2.

Discussion 

This study evaluated ECG findings in young girls, aged 
5-11 years, who were receiving leuprolide acetate 
treatment for CPP. No prolonged QT or other pathological 
electrophysiological findings were observed in any of the 
74 patients. The absence of correlation between QTc values 
and age, treatment duration, total cumulative dose, and 
anthropometric data in our patients suggests that the adverse 
cardiovascular events previously reported in adults may be 
due to different underlying pathological mechanisms rather 
than any direct effect of the drug.

Recent reports have highlighted an increased risk of 
cardiovascular events, including prolonged QT syndrome, in 
some adult patients receiving GnRHa treatment. This has 
raised concerns about the safety of GnRHas, which are the 
only treatment agents used for CPP in children. Prolonged 
QT and arrhythmias may be detected by ECG, a cheap, 

Table 1. The comparison of QTc intervals of patients on leuprolide acetate between short- and long-term users, and between 
higher- and lower-dose users

Duration of treatment

≥18 months (n=37) <18 months (n=37) p

QTc interval (ms) 393±18 395±21 0.716

Cumulative dose of the GnRHa

≥2 mg/kg (n=35) <2 mg/kg (n=39) p

QTc interval (ms) 391±18 397±21 0.200

QTc: corrected QT, GnRHa: gonadotropin releasing hormone analogues

Table 2. Correlations of treatment parameters and anthropometric measurements with corrected QT interval

QTc interval

r p

Age -0.064 0.602

Duration of treatment (months) -0.090 0.463

Cumulative dose (mg/kg) -0.068 0.577

Cumulative dose (mg/m2) -0.080 0.515

Weight SDS -0.050 0.684

Height SDS 0.001 0.997

BMI SDS -0.057 0.641

QTc: corrected QT, BMI: body mass index, SDS: standard deviation score
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non-invasive, and easily accessible test. However, more 
information should be provided before recommending 
ECGs before and during GnRHa treatment in children. 

Acquired prolonged QT syndrome can be caused by 
several major classes of drugs, with new ones continuing 
to be identified. A study from the United States reported 
antiarrhythmic drugs were responsible for 77% of cases 
(12). Other medications associated with prolonged QT 
include psychotropic drugs, gastrointestinal medications, 
antimicrobials, and tyrosine kinase inhibitors. Antimicrobial 
medications that prolong QT include macrolide antibiotics, 
fluoroquinolone antibiotics, and antifungal drugs (13). It has 
been reported that erythromycin led to a two-fold increase 
in risk of sudden cardiac death compared to nonusers 
(14). Painkillers (non-steroidal anti-inflammatory drugs, 
opioids, anticonvulsants, antidepressants, cannabinoids, 
and muscle relaxants), proton pump inhibitors, antiemetics, 
and diuretics are also reported to be causes of prolonged 
QT (15,16). 

Antiarrhythmic drugs are used for cardiological indications 
and are followed by repeated ECGs under the supervision 
of a cardiologist. However, antimicrobial treatments, 
painkillers, and proton pump inhibitors are used without 
such precautions. Furthermore, there is no recommendation 
for cardiological evaluation before starting or during follow-
up for GnRHas.

Waldner et al. (17) recently reported a study of 33 gender-
diverse young people who were initiated on leuprolide 
acetate. The mean age of the cohort was 13.7±2.1 years, 
and the mean post-leuprolide acetate QTc was 415±27 ms 
(range 372-455). Only 24.2% of the patients had a borderline 
QTc (440-460 ms), and none had a prolonged QTc despite 
concomitant medications in twenty-two (66.7%). 

The Pediatric Endocrine Society has issued guidelines 
regarding the potential risk of GnRHas. It is recommended 
to perform a screening ECG for patients who are on a 
medication known to cause QTc prolongation, have a 
personal history of congenital heart disease, arrhythmia, 
or long QT syndrome, have a family history of long QT 
syndrome or sudden cardiac death, and for those who 
experience symptoms of long QT syndrome, including 
syncope. It is recommended to perform a repeat ECG when 
the GnRHa dose has reached steady state in these groups. 
Patients should also be counseled about symptoms of 
arrhythmia, including palpitations and syncope. The authors 
conclude that further studies are necessary to investigate 
the risk of prolonged QT with GnRHa therapy in children 
and young adults (18).

Study Limitations

This was a single center study conducted in a limited 
number of patients. This was because of the exclusion of 
patients having any additional disease in addition to CCP or 
were on medications in addition to leuprolide acetate. The 
main limitation was the small number of patients who were 
newly diagnosed and underwent ECG before the treatment 
was started. 

Conclusion

The results of this study showed no prolonged QT or any 
other ECG abnormality with short- or long-term exposure 
to GnRHa treatment, leuprolide acetate, in young girls with 
CPP. 
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