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How the guideline was built

• The guideline development panel (GDP) included 15 members: pediatric 

endocrinologists, a pharmacist, a general pediatrician, a patient-parent 

representative, and two methodologists.

• The GDP used the GRADE methodology and evidence-to-decision (etd) 

frameworks to address 10 prioritized clinical questions on CPP diagnosis and 

treatment.



• A systematic review was conducted for each question.

• Searches: February 2025, updated January 2026.

• Few RCTs were available.

• Evidence was predominantly observational and/or indirect.

• Recommendation strength is classified as Strong (1) or Conditional (2).

• Most recommendations in this guideline are conditional, reflecting 

uncertainty and the need for individualized/shared decision-making.



GRADE evidence certainty



Central precocious puberty (CPP)

• Premature activation of the hypothalamic-pituitary-gonadal (HPG) axis.

• Early pulsatile gonadotropin-releasing hormone (GnRH) secretion.

• Downstream gonadal sex steroid production.

• Development of associated secondary sexual characteristics.



Central precocious puberty (CPP)

• Before age 8 years in girls.

• Before age 9 years in boys. 

• Pubertal milestones are being reached earlier than in prior decades, 

raising the possibility that the current CPP definition may be outdated.



Central precocious puberty (CPP)

• Sex ratio: 

~10× more common in girls than boys 

• Incidence:

• 0.2–26 per 10,000 girls/year

• 0.02–0.9 per 10,000 boys/year 



Clinical significance



Puberty onset: clinical definitions

• Girls: first appearance of breast development (thelarche, tanner B2)

• Boys: testicular volume ≥4 ml or length >2.5 cm

• Accelerated growth velocity and advanced bone age may also be in both sexes.



Central vs. Peripheral precocious puberty



Etiology of CPP



Evolving definitions



Evolving definitions

• Slowly progressive: longer duration between thelarche and menarche and 

achievement of normal adult height.

• Suggesting that not all patients currently meeting CPP criteria would 

benefit from aggressive evaluation or treatment.



Diagnosis

Recommendations 1–5:

Evaluating children with premature secondary sexual characteristics



Recommendation 1:
girls ages 7.0–8.0 years with thelarche

• Watchful waiting via periodic physical exams rather than immediate 

laboratory or radiologic evaluation (2 |⊕○○○).

• Watchful waiting: 

• Periodic physical examinations every 4–6 months.

• Reassessment of growth velocity and tanner staging. 



Recommendation 1: 
girls ages 7.0–8.0 years with thelarche

• Immediate evaluation is appropriate if :

• The girl presents with tanner B3 or higher

• Progresses to B3 under observation

• Documented growth acceleration (>6 cm/year)

• Exhibits CNS findings (headaches, seizures, visual deficits).



Rec. 1: Summary of evidence

• 12 uncontrolled series(1,335 patients, ages 3–8 years):

• Premature thelarche regression rates of 13–70%.

• Progression to CPP of only 0–31%. 

• Indirect evidence suggests many girls with 7–8 yr thelarche have slowly 

progressive/normal-variant puberty.

• No studies directly compared evaluation vs. Observation in this age group.



Rec. 1: Summary of evidence

• Pathologic intracranial findings are rare in girls ages 6–8 years.

• GnRHa height benefit is greatest when started at younger ages.

• Evaluation costs are substantial; pediatric endocrinologist shortages exist.

• Apparent thelarche may sometimes be lipomastia.



Recommendation 2: 
Observation period for girls with early thelarche

• 4 to 6 month observation period before starting diagnostic evaluation in 

girls <7 years with tanner B2 (2 |⊕○○○).

• Immediate evaluation if:

• B3+ at presentation

• Progression to B3 before age 8

• Growth velocity >6 cm/yr 

• CNS findings



Rec. 2: Summary of evidence

• Studies show 33–66% of girls with early thelarche have RP-PP. 

• Girls with SP-PP achieved mean adult heights of 160.7–165.5 cm without Tx. 

• Advanced BA was an important predictor of rapid progression in one study.



Rec.2: Justification for the recommendation

• The GDP found no evidence that a 4–6 month diagnostic delay negatively 

affects patient-important outcomes.



Recommendation 3: 
Basal LH as first-line diagnostic test

• Start with basal LH by ultrasensitive assay rather than GnRH/GnRHa

stimulation testing in all patients (2 |⊕○○○).

• An ultrasensitive LH assay : detect very low LH concentrations(< 0.05-0.1 iu/l).

• While first morning (8:00-10:00 AM) basal LH testing may is optimal, basal LH at 

any time of day is acceptable to increase feasibility.



Rec.3:When to proceed to stimulation testing 

• If basal LH is low/indeterminate and clinical suspicion remains high

• Or rapid diagnosis is needed (RP-PP)

• Alternatively, repeat early-morning basal LH. 



Rec.3: Summary of evidence

• Basal LH thresholds:

• Basal LH >0.25 IU/L in boys (limited data) and in girls with Tanner B2 could 

confirm CPP and thus obviate the need for further testing.

• Basal LH >0.3 IU/L may suffice for tanner B3.

• Basal LH >0.2 IU/L in girls with tanner B2 predicts a peak LH > 5 IU/L by 

stimulation testing. 



Rec.3: Summary of evidence

• Ultrasensitive basal LH can predict stimulated LH, but sensitivity is variable.

• Basal LH sensitivity: ~42–94%.

• Basal LH specificity: ~70–100% across studies.

• Cutoffs vary by assay, tanner stage, age and sex.

• Boys have substantially less evidence.



Rec.3: Summary of evidence

• GnRH testing : gold standard to determine a diagnosis of CPP. 

• Peak stimulated LH ≥5 IU/L : highly specific (97%to 100%).

• However, GnRH testing has some limitations.

• Under age 3: Peak LH >10 IU/L may not confirm CPP due to minipuberty.

• In obesity (BMI SDS ≥2): Peak LH may be lower, reducing the sensitivity of 

GnRH/GnRHa testing for CPP.



Rec. 3: Why basal LH first?



Rec.3: Justification for the recommendation

• the GDP favored basal ultrasensitive LH first because high basal LH predicts a 

positive stimulation test, while stimulation testing is more burdensome. 

• However, because basal LH has variable sensitivity, stimulation testing remains 

appropriate when clinical certainty is insufficient.



Recommendation 4: 
Brain MRI — not routine for older age groups

• Brain MRI should not be routinely performed in girls ages 6.0–8.0 years 

or boys ages 8.0–9.0 years without CNS symptoms (2 |⊕○○○).



Rec.4: When MRI is indicated

• Any age with CNS symptoms/signs.

• Girls <6 years with CPP.

• Boys <8 years with CPP.

• High clinician/family concern for CNS pathology.



Rec.4: Summary of evidence

• The recommendation is driven largely by low prevalence of pathologic 

intracranial findings in these age groups without CNS findings.

• Based on 35 studies across 19 countries (5,541 children with CPP):

• Overall MRI abnormality rate (pathologic + incidental) was 18%.

• Pathologic lesions alone: 5.5%.



Rec. 4: Prevalence of pathologic MRI findings by age



Rec.4: Justification for the recommendation

• Low prevalence of clinically significant pathology + burden/cost of MRI + 

lack of demonstrated patient-important benefit favored selective rather 

than routine imaging.



Recommendation 5: 
Genetic testing — not routine

• Suggest against routine genetic testing for CPP. For familial CPP, 

consider testing via shared decision making (2 |⊕○○○).

• This recommendation relates to targeted genetic testing including genes 

such as MKRN3, DLK1, and/or MECP2.



Genetic causes of CPP: key genes





Rec.5: Summary of evidence

• Evidence was observational/indirect and very low certainty.

• Targeted testing may identify etiology and help family counseling.

• Long-term patient-important outcome benefits remain uncertain.

• No direct trials comparing routine genetic testing vs no testing.

• Genetic cause identified in 13% of all CPP (Brazilian cohort, n=270)

• Family history & neurodevelopmental disorders: clinical predictors of genetic 

etiology.



Rec.5: Summary of evidence

• MKRN3 loss-of-function variants:

• ~9% overall CPP

• Up to ~46% in familial CPP

• Paternal FH(+): up to 77% of familial CPP



Familial CPP definition

• At least one first , second , or third-degree relative with documented 

CPP, early sexual development, or precocious menarche.

• 25–30% of all CPP cases are familial. 



Rec.5: Justification for the recommendation

• The benefit–harm balance for routine testing remains unclear. 

• Higher diagnostic yield in familial CPP supports considering MKRN3/DLK1 

testing in that subgroup.







Treatment

Recommendations 6–10:

Managing CPP with GnRH agonist therapy 



Background

• GnRH agonists : First-line treatment for CPP since the early 1990s.



Recommendation 6: GnRHa treatment for CPP

• Suggest GnRHa treatment for many children with CPP, though certain 

subgroups may not achieve net benefit (2 |⊕○○○).

• The recommendation is for both girls and boys; however, the available 

evidence was from studies of girls only, as evidence in boys was lacking.

• The GDP emphasizes the importance of shared-decision making for all 

patients with CPP.



Rec. 6: Subgroups less likely to benefit



Rec.6: Summary of evidence

• No RCTs directly comparing GnRHa vs no treatment in idiopathic CPP.

• 21 comparative observational studies identified; 15 remained after exclusions

• 1835 girls; mean treatment start 8.2 ± 1.1 yr.

• 14 studies (1,017 treated, 480 controls): adult height: +2.7 cm (95% CI 1.1–4.4).



Rec.6: Summary of evidence

• Treatment  duration ≥3 yr: +3.9 cm; Treatment  duration <3 yr: +2.1 cm.

• GnRHa treatment also delayed menarche by a weighted mean of 1.3 years 

(treated: 12.0–12.4 years vs. controls: 9.6–11.4 years).

• Psychosocial and neurocognitive outcomes: Evidence was insufficient.

• BMI: No meaningful impact of GnRHa on BMI at adult height attainment 

Meta-analysis (5 studies, 459 patients) .



Rec. 6: Other outcomes 

• BMD: Insufficient evidence. Short-term BMD differences likely reflect delayed 

bone accretion — not necessarily reduced peak bone mass in adulthood.

• Fertility: One study found GnRHa treatment associated with higher 

spontaneous pregnancy rates and lower need for assisted fertilization. 

Another found no clear differences in fertility-related outcomes in treated vs. 

Untreated men with CPP history.



GnRHa costs in the united states (2025)



Rec.6: Justification for the recommendation

• The balance favors GnRHa for many children, but expected benefit is strongly 

subgroup-dependent.

• Therefore the recommendation is conditional and requires shared decision-

making.



Recommendation 7:
Start with long-acting GnRHa

• In patients who will use a long-acting GnRHa long-term, initiate therapy with 

the long-acting preparation rather than a monthly formulation (2|⊕⊕○○).

• Long-acting preparations: ≥3-month duration of action (3-m and 6-m injectables; 

12-month subcutaneous histrelin implant). 

• Patients who plan to use monthly formulations long-term should begin with the 

monthly preparation.



Rec.7: Summery of evidence

• Meta-analysis of 3 RCTs & observational studies(759 patients,7 

countries):  

• Trivial differences between monthly and long-acting formulations in:

• Growth velocity (–0.18 cm/year)

• Peak stimulated LH (–0.16 IU/L)

• Proportion achieving adequate LH suppression (RR: 1.00)



Rec. 7: Practical considerations for formulation 
choice



Histrelin implant: extended duration 

• FDA-approved for 12 months.

• Extended duration of action of up to 2–7 years.

• In a US study of 4,000+ patients:

• Median annual total treatment costs for histrelin ($23,071) were lower than for 

leuprolide acetate monthly or quarterly ($27,021; P<0.0001).





Rec.7: Justification for the recommendation

• Health effects were similar.

• Fewer injections and likely better acceptability favored long-acting therapy 

when it is intended for long-term use.



Recommendation 8: 
Clinical monitoring — no routine biochemical testing

• Suggest against routine biochemical testing (LH, sex steroids) to 

monitor pubertal suppression during GnRHa treatment (2 |⊕○○○).

• Monitoring GnRHa therapy with clinical assessment alone:

• Growth velocity

• Tanner staging

• Annual bone 



Recommendation 8: 
Clinical monitoring — no routine biochemical testing

• Biochemical testing (basal or stimulated LH, sex steroids) should be 

reserved to confirm clinically suspected treatment failure:



Rec. 8: Treatment failure



Rec. 8: Summery of evidence

• In one study, 14.5% of patients on leuprolide 3.75 mg/month had biochemically 

inadequate suppression at 3 months — yet none had clinical evidence of 

treatment failure. 

• By 1 year, all achieved biochemical suppression.



Rec.8: Justification for the recommendation

• Routine preemptive use of biochemical cutoffs, in the absence of clinical 

evidence of failure, could lead to overtreatment. 

• A 4–6 month period of inadequate biochemical suppression is unlikely to 

significantly impact patient-important outcomes.



Recommendation 9: 
No routine addition of growth hormone

• Suggest against routine addition of growth hormone (GH) to GnRHa

therapy to increase adult height (2 |⊕○○○).

• This recommendation does not apply to children with CPP who also have a 

distinct, well-established indication for GH therapy.



Recommendation 9: 
No routine addition of growth hormone

• A key aim of GnRHa treatment is to increase adult height ,However, linear 

growth commonly slows to well below a normal rate in children on GnRHa

therapy and even arrests in some cases. 

• So dilemma exists when that same therapy might prevent a child from interval 

height gains in the short term. 



Recommendation 9: 
No routine addition of growth hormone

• Therefore, the potential use of GH as adjunctive therapy in CPP has long been 

of interest. 

• Given that GH therapy is an expensive and somewhat burdensome treatment, it 

is essential to determine whether it should be routinely recommended in the 

setting of CPP. 



Rec.9: Summary of evidence

• Meta-analysis of 8 retrospective cohort studies (1,024 girls, 276 receiving GH):

• Combination GnRHa + GH therapy was associated with an estimated –0.16 cm (95% 

CI: –2.12, 1.81) difference in adult height vs. GnRHa alone — a trivial difference. 



Rec.9: Summary of evidence

• All identified studies included girls only. No data in boys. 

• Studies were retrospective with variable sample sizes and follow-up.

• Large-scale RCTs are needed.

• No relevant studies for cancer,adverse events, psychological effects or QOL.



Rec. 9: Subgroups that may warrant GH 
consideration



Rec.9: Justification for the recommendation

• No meaningful height benefit + additional burden/cost + potential harms 

→ balance disfavors routine GH addition.



Recommendation 10: 
When to stop GnRHa treatment?

• Suggest against routinely continuing GnRHa beyond chronological age 

10.0 to 11.0 years (girls) or 11.0 to 12.0 years (boys) and/or bone age

11.0 to 12.0 years (girls) or 12.0 to 13.0 years (boys)(2 |⊕OOO). 

• GnRH agonist continuation are highly individualized.



Recommendation 10: 
When to stop GnRHa treatment?

• Considerations relevant to the timing of treatment discontinuation include:

• Therapy duration / Growth velocity

• CA, BA , height

• Midparental target height

• Appropriate ages for menarche in girls 

• Appropriate ages for virilization in boys

• Psychosocial maturity /neurocognitive impairment



Rec.10: Summery of evidence

• No direct studies comparing different ages of treatment cessation.

• Height outcomes appear more strongly related to pretreatment characteristics 

than exact stopping age.

• Early CPP onset (<6 years) yielded mean height gain of 10.8 cm vs. 7.2 cm for 

later onset (6–8 years), despite similar end-of-treatment characteristics.

• Earlier treatment tended to produce larger height gains.



Rec.10: Summery of evidence

• Time to menarche after GnRHa discontinuation did not vary significantly 

with age at cessation (>11 vs. <11 years).

• Menarche occurs on average 12–18 months after treatment cessation.



Rec.10:Justification for the recommendation

• No direct evidence establishes an optimal stopping age. 

• Pretreatment characteristics are more important than exact cessation age. 

• Therefore, routine continuation beyond the recommended CA/BA is discouraged, 

but individualized exceptions remain appropriate.
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