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Delayed PubertyDelayed Puberty
Delayed puberty is the failure to begin sexual Delayed puberty is the failure to begin sexual 
maturation at an age that is 2.5 SD above the maturation at an age that is 2.5 SD above the 
mean age of the onset of puberty w/in a specific mean age of the onset of puberty w/in a specific 
populationpopulation
Occurs in ~3% of childrenOccurs in ~3% of children
In the U.S. evaluation of delayed puberty is In the U.S. evaluation of delayed puberty is 
recommended in recommended in girls 13 yearsgirls 13 years and in and in boys boys 
14 years14 years or older who do not demonstrate or older who do not demonstrate 
signs of sexual maturationsigns of sexual maturation
Diagnosis is also made in the Diagnosis is also made in the absence of absence of 
menarche by age 16menarche by age 16 or within 5 years after or within 5 years after 
the onset of pubertythe onset of puberty



Delayed PubertyDelayed Puberty

Testicular enlargement (diameter 2.5cm or greater) or Testicular enlargement (diameter 2.5cm or greater) or 
breast budding is the first normal pubertal event in the breast budding is the first normal pubertal event in the 
majority of childrenmajority of children
Constitutional delay of growth and pubertyConstitutional delay of growth and puberty is the most is the most 
common causecommon cause
Measurement of Measurement of GonadotropinsGonadotropins (LH/FSH) helps to (LH/FSH) helps to 
classify the various diagnosesclassify the various diagnoses
–– Elevated Elevated gonadotropinsgonadotropins = = gonadalgonadal disease or primary disease or primary 

hypogonadismhypogonadism
–– Low or normal Low or normal gonadotropinsgonadotropins = = 

hypothalamic/hypothalamic/hypopituitaryhypopituitary disease or secondary disease or secondary 
hypogonadismhypogonadism



HistoryHistory

Chronic disease Chronic disease 
symptomssymptoms
Excessive exerciseExcessive exercise
Anorexia/Anorexia/bulemiabulemia
Family members with Family members with 
delayed puberty or delayed puberty or 
infertilityinfertility
Birth history (congenital Birth history (congenital 
anomalies)anomalies)

Previous surgery, Previous surgery, 
chemotherapy, RXTchemotherapy, RXT
NeurologicNeurologic symptoms symptoms 
(vision, sense of smell)(vision, sense of smell)
Substance abuseSubstance abuse
MedicationsMedications

Head traumaHead trauma



Physical ExamPhysical Exam
Growth measurements Growth measurements 
–– eunuchoideunuchoid, short stature, obesity, , short stature, obesity, cachexiacachexia (body wt <80% ideal (body wt <80% ideal 

weight for height) weight for height) 
Sexual maturity rating (Tanner stages)Sexual maturity rating (Tanner stages)
–– Testicular size > or = 2.5cm (boys) or presence of breast buds Testicular size > or = 2.5cm (boys) or presence of breast buds 

(girls) indicates initiation of puberty(girls) indicates initiation of puberty
–– Pubic hair is not necessarily evidence that puberty has begunPubic hair is not necessarily evidence that puberty has begun
–– Evaluate for Evaluate for microphallusmicrophallus (stretched penis length < 4cm)(stretched penis length < 4cm)

Thyroid examThyroid exam
NeurologicNeurologic examexam
–– Sense of smell, hearing, visual fields, optic discsSense of smell, hearing, visual fields, optic discs

Cognitive development/ Behavioral abnormalityCognitive development/ Behavioral abnormality
Physical stigmata associated with various syndromes Physical stigmata associated with various syndromes 
(Turner, (Turner, KlinefelterKlinefelter, , PraderPrader--WilliWilli, , kallmannkallmann’’ss))



Tanner StagingTanner Staging

Insert table Insert table 
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Differential DiagnosisDifferential Diagnosis::
HypogonadotropicHypogonadotropic HypogonadismHypogonadism

Constitutional Delay of Constitutional Delay of 
PubertyPuberty (most common)(most common)
Congenital deficiencyCongenital deficiency
–– Hereditary Hereditary hypopituatarismhypopituatarism
–– Idiopathic Idiopathic 

hypogonadotropichypogonadotropic
hypogonadismhypogonadism (IHH)(IHH)

–– KallmannKallmann’’ss syndromesyndrome
–– PraderPrader--Willi,LaurenceWilli,Laurence--

MoonMoon--BiedelBiedel syndromessyndromes
–– LH and FSH receptor LH and FSH receptor 

defectsdefects

Acquired deficiencyAcquired deficiency
–– FunctionalFunctional

Chronic disease Chronic disease 
Anorexia nervosaAnorexia nervosa
Excessive exerciseExcessive exercise
Hypothyroid, Hypothyroid, 
hyperprolactinemiahyperprolactinemia

–– AnatomicAnatomic
Pituitary tumorsPituitary tumors
CraniopharyngiomaCraniopharyngioma

–– Head TraumaHead Trauma
–– Drugs (opiates, marijuana)Drugs (opiates, marijuana)
–– Infiltrative  diseaseInfiltrative  disease



Differential DiagnosisDifferential Diagnosis::
HypergonadotropicHypergonadotropic HypogonadismHypogonadism

CongenitalCongenital
–– GonadalGonadal dysgenesisdysgenesis

KlinefelterKlinefelter syndromesyndrome
Turner syndromeTurner syndrome

–– Androgen resistance  Androgen resistance  
(receptor defects)(receptor defects)

–– SteroidogenicSteroidogenic enzyme enzyme 
defectsdefects

AcquiredAcquired
–– CryptorchisdismCryptorchisdism
–– Radiation or Radiation or 

chemotherapychemotherapy
–– Trauma/surgeryTrauma/surgery
–– Autoimmune or postAutoimmune or post--

infectious (mumps, infectious (mumps, 
coxsackiecoxsackie))



Diagnostic ApproachDiagnostic Approach

Routine LabsRoutine Labs: CBC, ESR, TSH, : CBC, ESR, TSH, CortisolCortisol
–– To To r/or/o growthgrowth--retarding disordersretarding disorders

GonadotropinGonadotropin levelslevels (LH/FSH)(LH/FSH)
–– Normal or low in constitutional delay and Normal or low in constitutional delay and 

other causes of secondary other causes of secondary hypogonadismhypogonadism
–– Elevated in primary Elevated in primary gonadalgonadal failure failure 
–– Exception: Exception: normal levels do NOT normal levels do NOT r/or/o primary primary 

hypogonadismhypogonadism if bone age is preif bone age is pre--pubertal pubertal 



Diagnostic ApproachDiagnostic Approach
Constitutional Or Secondary Constitutional Or Secondary HypogonadismHypogonadism
(normal of low FSH/LH) (normal of low FSH/LH) 

Bone ageBone age (left hand and wrist film)(left hand and wrist film)
–– Delayed in both constitutional delay and Delayed in both constitutional delay and GnRHGnRH deficiencydeficiency
–– If bone age reaches 13yr in girls of 14yrs in boys without evideIf bone age reaches 13yr in girls of 14yrs in boys without evidence of nce of 

puberty, the patient almost definitely has puberty, the patient almost definitely has GnRHGnRH deficiencydeficiency
NeuroimagingNeuroimaging (MRI)(MRI)
–– Evaluate of tumors of the Evaluate of tumors of the pituatarypituatary or hypothalamus; absent olfactory or hypothalamus; absent olfactory 

bulbs and tracts/bulbs and tracts/hypoplastichypoplastic olfactory olfactory gyrigyri ((kallmannkallmann syndrome)syndrome)
A child with constitutional delay carries a A child with constitutional delay carries a presumptive presumptive diagnosis and diagnosis and 
required followrequired follow--up to up to r/or/o GnRHGnRH deficiency!deficiency!

Primary Primary GonadalGonadal FailureFailure (elevated FSH/LH)(elevated FSH/LH)
–– Chromosome analysis to confirm Turner or Chromosome analysis to confirm Turner or klinefelterklinefelter sydnromessydnromes
–– Evaluation for testicular feminization syndromes (androgen insenEvaluation for testicular feminization syndromes (androgen insensitivity) sitivity) 

or or steroidogenicsteroidogenic defectsdefects



Constitutional Delay of PubertyConstitutional Delay of Puberty
Most common diagnosisMost common diagnosis
Normal preNormal pre--pubertal growth nadir is protracted and pubertal growth nadir is protracted and 
pulsatilepulsatile GnRHGnRH secretion is slow to developsecretion is slow to develop
Boys present more often than girls Boys present more often than girls b/cb/c short stature and short stature and 
sexual immaturity cause more psychosocial effects in sexual immaturity cause more psychosocial effects in 
malesmales
Family history is often positive for siblings or parents Family history is often positive for siblings or parents 
with delayed pubertywith delayed puberty
Laboratory evaluation reveals preLaboratory evaluation reveals pre--pubertal testosterone pubertal testosterone 
levels and low or normal levels and low or normal gonadotropinsgonadotropins
Bone age is delayed Bone age is delayed 
Sexual maturity is not affected by the timing of pubertal Sexual maturity is not affected by the timing of pubertal 
onset, but final adult height may be less than predictedonset, but final adult height may be less than predicted



Characteristics of Characteristics of 
Constitutional Delay of PubertyConstitutional Delay of Puberty

Before pubertyBefore puberty
–– Puberty delayed but begins Puberty delayed but begins 

before 16yr in girls and 18yr before 16yr in girls and 18yr 
in boysin boys

–– Puberty begins before bone Puberty begins before bone 
age 13 in girls or 14 in boysage 13 in girls or 14 in boys

–– Height is often < 5Height is often < 5thth

percentile; but growth rate is percentile; but growth rate is 
normal for skeletal agenormal for skeletal age

–– Onset of Onset of adrenarcheadrenarche is is 
delayeddelayed

–– Laboratory tests resemble Laboratory tests resemble 
hypogonadotropismhypogonadotropism

–– Family Family hisotryhisotry + for delayed + for delayed 
pubertypuberty

After PubertyAfter Puberty
–– Pubertal hormonal and Pubertal hormonal and 

physical stages advance at physical stages advance at 
normal tempnormal temp

–– Genetic height potential is Genetic height potential is 
often achieved often achieved 

Differentiating constitutionalDifferentiating constitutional
delay from idiopathicdelay from idiopathic
HypogonadotropicHypogonadotropic
hypogonadismhypogonadism ((GnRHGnRH
deficiency) is often difficult! deficiency) is often difficult! 
There is no single test toThere is no single test to
distinguish between the twodistinguish between the two



Constitutional Delay in PubertyConstitutional Delay in Puberty::
TreatmentTreatment

Reassurance and anticipatory guidanceReassurance and anticipatory guidance
Exogenous steroid course may be used in boys Exogenous steroid course may be used in boys 
with overwhelming psychosocial stress with overwhelming psychosocial stress 
associated w/ delayed pubertyassociated w/ delayed puberty
–– Low dose IM testosterone given monthly increases Low dose IM testosterone given monthly increases 

pubic hair by 1pubic hair by 1--2 stages and growth rate by 75%2 stages and growth rate by 75%
–– Low doses have not shown to have adverse affects on Low doses have not shown to have adverse affects on 

height potentialheight potential
–– 6 month course is recommended followed by 6 month course is recommended followed by 

reassessment; spontaneous puberty should progress reassessment; spontaneous puberty should progress 
over the next 6 monthsover the next 6 months

–– A second course may be helpful in extreme delay A second course may be helpful in extreme delay 



Idiopathic Idiopathic HypogonadotropicHypogonadotropic
HypogonadismHypogonadism

IHH refers to congenital isolated IHH refers to congenital isolated GnRHGnRH
deficiency deficiency and is the functional absence of and is the functional absence of 
GnRHGnRH secretion from hypothalamic neuronssecretion from hypothalamic neurons
Suspected if Suspected if microphalllusmicrophalllus is seen at birth and is seen at birth and 
confirmed by findings of incomplete (or failure confirmed by findings of incomplete (or failure 
of) puberty, decreased testosterone, decreased of) puberty, decreased testosterone, decreased 
or normal LH Most cases are sporadic and occur or normal LH Most cases are sporadic and occur 
primarily in malesprimarily in males
If signs of If signs of GnRHGnRH deficiency occur deficiency occur after after puberty, puberty, 
consider tumors of the Hconsider tumors of the H--P axis P axis 



KallmannKallmann’’ss SyndromeSyndrome
Association of Association of hypogonadotropichypogonadotropic hypogonadismhypogonadism
and and anosmiaanosmia (or (or hyposmiahyposmia))
IncidenceIncidence-- 1:7500 males and 1:50,000 females1:7500 males and 1:50,000 females
Inheritance is usually XInheritance is usually X--linkedlinked
Involves mutation of the KAL1 gene which Involves mutation of the KAL1 gene which 
encodes for proteins involved in neuronal cell encodes for proteins involved in neuronal cell 
adhesionadhesion
Inability of Inability of GnRHGnRH--secreting neurons to migrate secreting neurons to migrate 
from the olfactory from the olfactory placodeplacode to the brain and to the brain and 
occupy the olfactory bulb and hypothalamus occupy the olfactory bulb and hypothalamus 
(leads to (leads to anosmiaanosmia and and hypogonadismhypogonadism))



KallmannKallmann’’ss SyndromeSyndrome::
Clinical FeaturesClinical Features

Delayed puberty Delayed puberty 
–– PrePre--pubertal testicular size (<2.5cm or <4mL)pubertal testicular size (<2.5cm or <4mL)
–– Absence in voice changeAbsence in voice change

Normal Normal AdrenarcheAdrenarche
–– Pubic hair is usually present Pubic hair is usually present b/cb/c adrenarcheadrenarche is normal is normal 

EunuchoidEunuchoid body body habitushabitus
–– Arm span exceeds height by 2cm or more. This reflects the Arm span exceeds height by 2cm or more. This reflects the 

delayed closure of the epiphyses of long bones caused by delayed closure of the epiphyses of long bones caused by 
hypogonadismhypogonadism

Normal stature and growth in childhoodNormal stature and growth in childhood
Congenital anomalies:Congenital anomalies:
–– anosmiaanosmia, red, red--green color blindness, midline facial abnormalities green color blindness, midline facial abnormalities 

(cleft palate), unilateral renal (cleft palate), unilateral renal agensisagensis (40%), (40%), neurosensoryneurosensory
hearing loss, hearing loss, cryptorchidismcryptorchidism, , pespes cavuscavus

Birth history of Birth history of microphallusmicrophallus and/or and/or cryptorchidismcryptorchidism commoncommon



KallmannKallmann’’ss SyndromeSyndrome::
Diagnosis &TreatmentDiagnosis &Treatment

Diagnosis: Diagnosis: 
–– Laboratory evidence of Laboratory evidence of hypogonadotropichypogonadotropic

hypogonadismhypogonadism (low to (low to nlnl LH/FSH, low testosterone)LH/FSH, low testosterone)
–– MRI with MRI with aplasiaaplasia or or hypoplasiahypoplasia of olfactory bulbs of olfactory bulbs 

and/or and/or sulcisulci

TreatmnentTreatmnent::
–– Oral testosterone to induce Oral testosterone to induce virilizationvirilization
–– Intranasal Intranasal GnRHGnRH or IM or IM hCGhCG treatment needed to treatment needed to 

stimulate endogenous sex steroid production and stimulate endogenous sex steroid production and 
even reproductive capability even reproductive capability 

LifeLife--long therapy is neededlong therapy is needed



Constitutional Delay Vs. Constitutional Delay Vs. 
GnRHGnRH DeficiencyDeficiency

A definitive diagnosis is usually not made before A definitive diagnosis is usually not made before 
the patient is 18yrs (or bone age >14yrs with no the patient is 18yrs (or bone age >14yrs with no 
pubertal development)pubertal development)
No single test can reliably distinguish between No single test can reliably distinguish between 
these two disordersthese two disorders
Family history of Family history of GnRHGnRH deficiency, deficiency, anosmiaanosmia, , 
and/or congenital anomalies suggest and/or congenital anomalies suggest GnRHGnRH
deficiencydeficiency
AdrenarcheAdrenarche and the normal growth spurt are and the normal growth spurt are 
attenuated in constitutional delay; whereas attenuated in constitutional delay; whereas 
adrenarcheadrenarche proceeds unaffected in proceeds unaffected in GnRHGnRH def.def.



Constitutional Delay 
of Puberty

Kallmann’s
Syndrome

Larson: Williams Textbook of Endocrinology,10th ed, 2003. Disorders of Puberty, p1170-1202



KleinfelterKleinfelter SyndromeSyndrome
Most common congenital abnormality causing primary Most common congenital abnormality causing primary 
hypogonadismhypogonadism (1:500(1:500--1000 live male births)1000 live male births)
47,XXY is most common genotype47,XXY is most common genotype
–– The greater # of X chromosomes, the greater the phenotypic The greater # of X chromosomes, the greater the phenotypic 

consequencesconsequences
Testes may grow normally until the time of puberty when Testes may grow normally until the time of puberty when 
dysgenesisdysgenesis ensuesensues
GonadalGonadal manifestations include small, firm testes, decreased sperm manifestations include small, firm testes, decreased sperm 
count and testosterone, count and testosterone, increased FSH/LHincreased FSH/LH, infertility, increased , infertility, increased 
leg and arm length, leg and arm length, gynecomastiagynecomastia
ExtraExtra--gonadalgonadal manifestations include abnormal behavior, long bone manifestations include abnormal behavior, long bone 
abnormality and predisposition to pulmonary disease, cancers, DMabnormality and predisposition to pulmonary disease, cancers, DM
–– All of these manifestations are independent of testosterone defiAll of these manifestations are independent of testosterone deficiency ciency 

Diagnosis is made via Diagnosis is made via karyotypekaryotype of peripheral leukocytesof peripheral leukocytes
Diagnosis is often delayed until young adulthood Diagnosis is often delayed until young adulthood 
(commonly presents with infertility)(commonly presents with infertility)



PraguePrague



PraguePrague
(Charles Bridge)(Charles Bridge)



Oktoberfest 2005Oktoberfest 2005
Munich, GermanyMunich, Germany

You think they look innocent now……



Oktoberfest 2005Oktoberfest 2005
even kids enjoy the festivitieseven kids enjoy the festivities……..



Oktoberfest 2005Oktoberfest 2005
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