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What s already known? 
GnRH analogues are the only treatment agents used n the treatment of central precoc ous puberty n ch ldren. Increased card ovascular events and 
espec ally a ser ous d sorder prolonged QT n some adult pat ent groups wh le rece v ng GnRH analogue treatment have been reported n recent 
stud es. Prolonged QT and arrhythm as are l fe-threaten ng cond t ons and can be detected by ECG, wh ch s a cheap, non- nvas ve, and eas ly 
access ble test. However, more ev dence-based nformat on s needed to recommend ECG before and dur ng GnRH analogue treatment n 
ch ldren.  
 
What th s study adds? 
In th s study, no prolonged QT or other patholog cal electrophys olog cal f nd ngs were found n young g rls, 5-11 years of age, under leuprol de 
acetate treatment due to central precoc ous puberty.  No correlat on was found between QTc values and age, treatment durat on, total cumulat ve 
dose, and anthropometr c data n our pat ents. Our results suggested no adverse effect of leuprol de acetate on card ovascular adverse events.  
 
Abstract 
Introduct on: Central precoc ous puberty s treated w th long-act ng GnRH analogues. Some adult pat ents undergo ng GnRHa treatment 
exper enced prolonged QT syndrome, wh ch s assoc ated w th an ncreased r sk of ser ous card ac events such as myocard al nfarct on, stroke, 
arrhythm as, and sudden card ac death. 
Method: Seventy-four pat ents, aged between 5 and 11 years and d agnosed w th central precoc ous puberty but w th no other concom tant 
d sease or med cat on use, underwent electrocard ogram assessment. They had been rece v ng 3.75 mg leuprol de acetate (Lucr n® Depot) 
nject ons every 28 days for at least three months.   

Results: The electrocard ograms of all pat ents showed a QTc nterval w th n normal l m ts, cons stent w th the data of healthy Turk sh ch ldren of 
the same age and gender. No other patholog cal phys cal exam nat on or ECG f nd ngs were observed. Furthermore, there was no s gn f cant 
d fference n QTc nterval n relat on to age, anthropometr c data, or the durat on or cumulat ve dose of the treatment. 
Conclus on: The study found no correlat on between QTc nterval values and age, treatment durat on, total cumulat ve dose, and anthropometr c 
data. The f nd ngs suggest that card ovascular adverse events assoc ated w th GnRHa may be related to age and other underly ng 
phys opatholog cal cond t ons rather than the drug. 
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Introduct on 
Central precoc ous puberty (CPP) s the premature development of secondary sexual character st cs n g rls before the age of 8 and n boys before 
the age of 9 due to the early maturat on of the hypothalam c-p tu tary-gonadal ax s (1). The treatment of CPP nvolves the use of long-act ng 
GnRH analogues (GnRHas), wh ch paradox cally downregulate and subsequently suppress the HPG ax s. These drugs have been used for many 
years (2). The a m of treatment for CPP s to preserve he ght potent al, prevent early menarche, and address psychosoc al ssues. Gonadotrop n-
releas ng hormone agon sts are commonly used n the treatment of cond t ons such as prostate and breast cancer, endometr os s, and uter ne 
f bro ds n adults. It has been reported that adult pat ents undergo ng GnRHa treatment may develop prolonged QT syndrome, wh ch s l nked to a 
h gher r sk of ser ous card ac events such as myocard al nfarct on, stroke, arrhythm as, and sudden card ac death. The elevated nc dence of 
card ovascular events n adult male pat ents undergo ng androgen depr vat on therapy for prostate cancer has been ma nly attr buted to androgen 
depr vat on. However, GnRH agon sts have been found to be more strongly l nked to card ovascular events than other agents, such as GnRH 
antagon sts, used for androgen depr vat on. It has been suggested that GnRH agon sts have a more s gn f cant mpact on card ovascular events 
beyond androgen def c ency (3-6).   
The drug's prospectus reports these compl cat ons, but there s no ev dence n the l terature regard ng the r effects on women and ch ldren.  
The a m of th s study was to nvest gate the effect of leuprol de acetate treatment on electrocard ograph c (ECG) f nd ngs n ch ldren w th CPP, as 
there s currently nsuff c ent nformat on on th s ssue. Invest gat ng the effects of th s treatment on card ac rhythm and corrected QT nterval s 
cruc al to determ ne ts safety n the ped atr c populat on. 
Methods 
Seventy-four pat ents aged between 5 and 11, d agnosed w th central precoc ous puberty, were ncluded n th s prospect ve cross-sect onal study. 
The study rece ved approval from our hosp tal's local eth cs comm ttee (approval number: B.10.1.TKH.4.34.H.GP.0.01/160, date: 15.05.2023). 

UNCORRECTED PROOF



The authors have compl ed w th the World Med cal Assoc at on Declarat on of Hels nk  regard ng eth cal conduct of research nvolv ng human 
subjects and/or an mals. 
The dec s on for treatment was typ cally made on an nd v dual bas s, cons der ng the pat ent's age at puberty onset, progress on rate of puberty, 
accelerated growth and bone age, hormone levels, ultrasonograph c measurements, and the expectat on of early menarche. The study ncluded 
pat ents who had been rece v ng 3.75 mg leuprorel n acetate (Lucr n® Depot) nject ons every 28 days for at least three months. The b rth we ght, 
week of gestat on, nutr t onal status, h story of any prev ous or ongo ng d sease med cat on use were quest oned by the researchers. The study 
ncluded pat ents who only have used leuprol de acetate as GnRH analogue therapy and are st ll under treatment dur ng the study per od. Among 

these pat ents, pat ents who had any health problems other than early puberty, who used any other med cat ons w th n the last three months 
(therapy for allerg c d seases, attent on d sorders, ep lepsy, psychopatholog es, nflammatory d seases), and who d d not agree to have an ECG at 
the control v s t were excluded. A repeat ECG was requested f t was not of suff c ent qual ty due to art facts, but those who d d not have them 
repeated were also excluded from the study.  
All pat ents underwent a thorough phys cal exam nat on, w th part cular attent on pa d to the card ovascular system, and an ECG test at the r f rst 
v s t after be ng enrolled n the study. Dur ng th s v s t, the follow ng parameters were recorded: age, durat on of treatment ( n months), 
cumulat ve dose of leuprol de acetate (calculated as total mg/kg), he ght, we ght, and body mass ndex (BMI). Anthropometr c data were recorded 
as standard dev at on scores (SDS) wh ch were calculated us ng an onl ne appl cat on (Ch ld Metr cs®) wh ch takes references for Turk sh 
ch ldren (7-8). The ECG results were evaluated by a ped atr c card olog st. The card ac rhythm, heart rate, and corrected QT (QTc) nterval, 
calculated us ng the Bazett formula, were recorded (9). The pr mary focus of ECG analys s was the QTc nterval, wh ch s cruc al for assess ng the 
card ac repolar zat on phase and potent al arrhythm a r sk. Correlat on analyses were used to nvest gate potent al relat onsh ps between the 
var ables and electrocard ograph c measurements.  The QTc ntervals of the pat ents were compared to the reference values of age- and gender-
matched healthy Turk sh ch ldren. The reference value for 5-8-year-old g rls s 422 m ll seconds (ms) (382-465), wh le for 8-12-year-old g rls t s 
422 ms (377-486) (11). 
Stat st cal Analys s 
The stat st cal analys s was conducted us ng IBM SPSS Stat st cs 22 (IBM SPSS, Türk ye). F rst, the normal ty of the data was evaluated us ng the 
Shap ro-W lk test. The results were presented as mean ± SD s nce the data was normally d str buted. The Independent-samples t-test was used to 
compare the ndependent groups. The W lcoxon s gned test was used to compare related samples. For correlat on analyses, the Pearson test was 
used for normally d str buted var ables. The level of s gn f cance for all analyses was set at p<0.05. 
Results 
The study analyzed a cohort of 74 female pat ents aged between 5 and 11 years who were rece v ng leuprol de acetate. The mean age at the start 
of treatment was 7.58±0.91 (range: 5.2-9.5 years), and the mean age at wh ch an electrocard ogram (ECG) was performed was 8.95±1.17 years 
(range: 5.5-11.0 years.) The total durat on of treatment before the ECG was 17.6±10.5 months (range: 3-66 months), and the cumulat ve dose 
rece ved was 58.4±31.3 mg/m2/day (range: 0.32-5.64 mg/m2/day). 
The card olog c assessment showed no symptoms or patholog c phys cal exam nat on f nd ngs. Two pat ents had nonspec f c ST-T changes. 
Among the 72 pat ents w th normal ECG f nd ngs, 37 had resp ratory s nus arrhythm a and two had only one atr al escape beat. The QTc nterval 
was w th n normal l m ts n all electrocard ograms. The mean QTc was 390±10 ms (range: 360-430 ms), wh ch s w th n normal l m ts and not 
longer than the reference value of healthy Turk sh ch ldren accord ng to age and gender. Non-parametr c tests revealed no d fference between 
basel ne and under-treatment QT ntervals n seven pat ents who were newly d agnosed dur ng the study (p=0.753). There was no s gn f cant 
d fference between pat ents who rece ved leuprol de acetate treatment for 18 months or more and those who rece ved t for a shorter per od. 
Add t onally, there was no s gn f cant d fference between pat ents who rece ved a leuprol de acetate cumulat ve dose of 2 mg/kg or more and 
those who rece ved less (refer to Table 1). Our analys s d d not reveal any correlat on between the QTc values and the pat ents' age, durat on of 
treatment, cumulat ve dose, or anthropometr c data, as shown n Table 2. 
D scuss on 
Th s study evaluated ECG f nd ngs n young g rls aged 5-11 years who were under leuprol de acetate treatment due to CPP. No prolonged QT or 
other patholog cal electrophys olog cal f nd ngs were observed. The absence of correlat on between QTc values and age, treatment durat on, total 
cumulat ve dose, and anthropometr c data n our pat ents suggests that the card ovascular adverse events prev ously reported n adults may be due 
to d fferent underly ng patholog cal mechan sms rather than the effect of the drug. 
Recent reports have h ghl ghted an ncreased r sk of card ovascular events, nclud ng prolonged QT syndrome, n some adult pat ents rece v ng 
GnRHa treatment. Th s has ra sed concerns about the safety of GnRHas, wh ch are the only treatment agents used for central precoc ous puberty 
n ch ldren. Prolonged QT and arrhythm as are l fe-threaten ng cond t ons that can be detected by ECG, a cheap, non- nvas ve, and eas ly 

access ble test. However, t s necessary to prov de more nformat on on recommend ng ECGs before and dur ng treatment n ch ldren.  
Acqu red prolonged QT syndrome can be caused by several major classes of drugs, w th new ones cont nu ng to be dent f ed. Accord ng to a 
study from the Un ted States, ant arrhythm c drugs were respons ble for 77% of cases (12). Other med cat ons assoc ated w th prolonged QT 
nclude psychotrop c drugs, gastro ntest nal med cat ons, ant m crob als, and tyros ne k nase nh b tors. Ant m crob al med cat ons that prolong 

QT nclude macrol de ant b ot cs, fluoroqu nolone ant b ot cs, and ant fungal drugs (13). Accord ng to a report, users of erythromyc n had a 
twofold ncreased r sk of sudden card ac death compared to nonusers (14). Pa nk llers (NSAIDs, op o ds, ant convulsants, ant depressants, 
cannab no ds, and muscle relaxants), proton pump nh b tors, ant emet cs, and d uret cs are also reported as causes of prolong QT (15, 16).   
Ant arrhythm c drugs are used for card olog cal nd cat ons and are followed by repeated electrocard ograms (ECGs) under the superv s on of a 
card olog st. However, ant m crob al treatments, pa nk llers, and proton pump nh b tors are used w thout precaut on. Furthermore, there s no 
recommendat on for card olog cal evaluat on before start ng or dur ng follow-up for GnRHas  
Waldner et al. recently reported a study on th rty-three gender-d verse youth who were n t ated on leuprol de acetate. The mean age of the cohort 
was 13.7±2.1 years, and the mean post-leuprol de acetate QTc was 415±27 ms (range 372-455). Only 24.2% of the pat ents had a borderl ne QTc 
(440-460 ms), and none of the 33 youth on leuprol de acetate had a prolonged QTc desp te concom tant med cat ons n twenty-two (66.7%) (17).  
The Ped atr c Endocr ne Soc ety has ssued gu del nes regard ng the potent al r sk of GnRHas. It s recommended to perform a screen ng 
electrocard ograph (ECG) for pat ents who are on a med cat on known to cause QTc prolongat on, have a personal h story of congen tal heart 
d sease, arrhythm a, or long QT syndrome, have a fam ly h story of long QT syndrome or sudden card ac death, and for those who exper ence 
symptoms of long QT syndrome, nclud ng syncope. It s recommended to perform a repeat electrocard ogram (ECG) when the GnRHa dose has 
reached steady state n these groups. Pat ents should also be counseled about symptoms of arrhythm a, nclud ng palp tat ons and syncope. The 
authors conclude that further stud es are necessary to nvest gate the r sk of prolonged QT w th GnRHa therapy n ch ldren and young adults (18). 
Study L m tat ons UNCORRECTED PROOF



Th s s a s ngle center study conducted on a l m ted number of pat ents due to exclus on of pat ents hav ng any add t onal d sease or med cat ons 
other than precoc ous puberty.  The ma n l m tat on of our study was the small number of pat ents who were newly d agnosed and underwent ECG 
before the treatment was started.   
Conclus on 
The results of th s study showed no prolonged QT or another electrocard ograph c abnormal ty w th short- and long-term exposure to GnRHa 
treatment n young ch ldren w th precoc ous puberty.   
Acknowledgement: We would l ke to thank Dr Yunus Emre Sarı and Prof Dr Tal ha Öner from the Ped atr c Card ology cl n c for the r help n 
evaluat ng the ECG results n th s study. 
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Table-1. The compar son of QTc ntervals of pat ents on leuprol de acetate between short- and long-term users, and between h gher- and lower-
dose users.  

Durat on of treatment 

 ≥18 months (n:37) <18 months (n:37) p 

QTc nterval (ms) 393±18 395±21 0.716 

Cumulat ve dose of the GnRHa 

QTc nterval (ms) ≥2 mg/kg (n:35) <2 mg/kg (n:39) p 

 391±18 397±21 0.200 

 
 
 
 
 
Table-2: Correlat ons of treatment parameters and anthropometr c measurements w th corrected QT nterval 

QTc nterval 

 r p 

Age -0.064 0.602 

Durat on of treatment (month) -0.090 0.463 

Cumulat ve dose (mg/kg) -0.068 0.577 

Cumulat ve dose (mg/m2) -0.080 0.515 

We ght SDS -0.050 0.684 

He ght SDS 0.001 0.997 

BMI SDS -0.057 0.641 
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