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Abstract 
Premature thelarche (PT) is characterized by isolated breast development in girls prior to 

8 years of age. In addition, there is neither growth spurt nor advanced bone age. It has been sug­
gested that luteinizing hormone (LH) response to gonadotropin-releasing hormone (GnRH) 
alone is adequate to distinguish central precocious puberty from PT. However, LH response to 
GnRH is greater in infancy than that in childhood. Therefore, gonadotropin response to GnRH 
in girls with isolated premature breast development in different age group was studied. 

Thirty-six girls with isolated PT (aged 0.25-8 years) were evaluated. They were clas­
sified into 2 groups; aged < 4 years (group A: mean age 1.57 ± 0.87 years, n = 13) and ~ 4 years 
(group B: mean age 6.97 ± 0.94 years, n = 23). Initial evaluation included X-ray bone age, 
pelvic sonography and GnRH testing. Patients were followed for at least 1 year to confirm that 
no patient had progression into puberty. 

Bone ages in both groups were within mean ± 2 SD in all patients. Pelvic sonography 
was performed in all patients which revealed no abnormality of ovaries and uterus. Pubertal 
response to GnRH stimulation is characterized by peak LH of > 20 lUlL or Ll LH of > 15 lUlL 
which is generally greater than peak follicle stimulating hormone (FSH) or Ll FSH, respectively. 
Mean peak LH and Ll LH in group A were 13.0 ± 6.06 and 11.4 ± 5.92 IU/L whereas those in 
the group B were 8.5 ± 4.10 and 6.3 ± 3.49 lUlL. Therefore, LH response to GnRH in group A 
was significantly higher than that in group B (p < 0.05). In addition, the mean peak FSH and 
Ll FSH in group A were 120.5 ± 45.87 and 109.9 ± 42.09 lUlL whereas those in the group B 
were 48.7 ± 24.05 and 39.9 ± 23.69 lUlL. Therefore, FSH response to GnRH in group A was sig­
nificantly greater than that in group B (p < 0.001). 

LH response to GnRH alone can distinguish prepuberty from puberty in girls > 4 years 
of age. However, in prepubertal young girls with PT aged < 4 years, pubertal LH response can 
occur, i.e. peak LH > 20 lUlL. Hence, the greater FSH response to GnRH than that of LH would 
confirm the diagnosis of premature thelarche in this group. Therefore, the evaluation of FSH res­
ponse to GnRH is beneficial to distinguish puberty from prepuberty in young girls. 
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Premature thelarche (PT) is a benign self­
limited condition of young girls in which there is 
isolated breast development before 8 years of age; 
the highest prevalence is during the first 2 years of 
life. When PT occurs, there is history of neither a 
growth spurt nor advanced skeletal maturation. 
Other symptoms of puberty do not occur and there 
is no development of additional secondary sexual 
characteristics0-3). In contrast, central precocious 
puberty (CPP) is a process initiated by activation of 
hypothalamic-pituitary-gonadal axis resulting in the 
development of secondary sexual characteristics 
(3,4), Therefore, there is a rise of luteinizing hor­
mone (LH), follicle stimulating hormone (FSH) and 
sex steroids in CPP. Gonadotropin-releasing hor­
mone (GnRH) testing is a standard method for dif­
ferentiating precocious puberty from PT(3,5-7). The 
majority of CPP occurs between ages 6 and 8 years. 
The pubertal response to GnRH in females in these 
ages is well characterized i.e. peak LH > 7-10 lUlL 
by immunoradiometric assay (IRMA), peak LH > 15 
IU/L by radioimmunoassay (RIA), peak LH/peak 
FSH > 0.66 IUIIU (IRMA)(6,8). However, the data 
on pubertal response to GnRH in girls less than 4 
years of age are limited. In this study, evaluation of 
LH and FSH responses to GnRH stimulation in girls 
with PT was compared between groups aged < 4 
years and <::: 4 years. The LH and FSH responses to 
GnRH in the younger group were significantly 
greater than those of the older. 

PATIENTS AND METHOD 
Patients 

We retrospectively reviewed 36 girls with 
PT who were evaluated in Endocrine Clinic at the 
Department of Pediatrics, Faculty of Medicine, 
Ramathibodi Hospital, Bangkok, Thailand, between 
August 1994 and December 1996. Their ages ranged 
from 3 months to 8.0 years. They were classified 
into 2 groups: group A, aged< 4 years (n = 13) and 
group B, aged ;:::: 4 years (n = 23). Premature the­
larche was diagnosed based upon the criteria: iso­
lated breast development without other signs of 
puberty before 8 years of age, bone age (BA) within 
mean ± 2 SD of chronologie age, normal growth 
velocity, no progressive breast development and no 
growth spurt at a 12-month follow-up. The degree 
of breast development was assessed according to 
the stages given by Marshall and Tanner(9). Bone 
age was determined according to the method of 
Greulich and PyleOO). Growth velocity was deter-
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mined from the height increment during follow-up. 
Diagnostic evaluation included GnRH testing, X-ray 
bone age and ultrasound examination of the uterus 
and ovaries. GnRH testing was performed by admi­
nistering intravenously 100 J..lg of GnRH (Relisorm 
L®, Laboratories Serono S.A., Switzerland) and 
serum LH and FSH were obtained at 0, 30, 60, 90 
and 120 minutes. Serum estradiol (E2) was obtained 
at 0 and 120 minutes. Serum alpha fetoprotein (AFP) 
levels were determined at baseline. 

Hormone assays 
Serum LH, FSH, and E2 were measured by 

enzyme linked immuno-sorbent assays (ELISAs) by 
commercial kits (Enzymun-Test®LH, Enzymun­
Test®FSH and Enzymun-Test®Oestradiol, Boeh­
ringer Mannheim Gmbh, Mannheim, F.R.G.). The 
Imx® AFP assay is a microparticle enzyme immu­
noassay (MEIA) manufactured by Abbott Labora­
tories diagnosis. 

Statistical analysis 
All data are expressed as mean ± SD. Com­

parison between 2 groups was performed by using 
analysis of variance and Student t-test. The ~ level 
means the difference between peak and basal levels 
following GnRH test. A p value of < 0.05 was 
considered significant difference. 

RESULTS 
The mean age ± SD in group A was 1.57 ± 

1.87 years and that in group B was 6.97 ± 0.94 
years. All patients had bone age within mean ± 2 SD 
for chronological age. Pelvic sonography was per­
formed in all patients which revealed neither abnor­
mality of ovaries and uterus nor ovarian cysts. 

Fig. 1 and 2 illustrate LH and FSH res­
ponses (mean ± SD) following GnRH stimulation in 
girls with PT. The means basal LH ± SD in group A 
and B were 1.5 ± 0.83 and 2.2 ± 2.11 lUlL, whereas 
those of FSH were 10.6 ± 5.58 and 8.8 ± 6.92 lUlL. 
The mean basal LH and FSH levels were not 
significantly different in both groups (p > 0.05). The 
mean LH and FSH concentrations at 30, 60 and 90 
minutes of group A were significantly greater than 
those of group B (p < 0.05). The mean ~ LH in 
group A and B (Fig. 3) were 11.4 ± 5.92 and 6.3 ± 
3.49 lUlL, which were significantly different (p = 
0.002). Moreover, the mean ~ FSH in group A was 
109.9 ± 42.09 lUlL which was significantly greater 
than that of group B (39.9 ± 23.69 IU/L) (p = 0.000) 
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Fig. 1. LH response (mean ± SD) following GnRH 
stimulation in girls with premature the· 
Iarche, comparison between 2 groups; aged 
< 4 years (n = 13) and aged~ 4 years (n = 23). 
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Fig. 2. FSH response (mean ± SD) following GnRH 
stimulation in girls with premature the· 
Iarche, comparison between 2 groups; aged 
< 4 years (n = 13) and aged ~ 4 years (n = 23). 

(Fig. 4). The mean peak LH concentrations fol­
lowing GnRH stimulation in group A and B were 
I 3.0 ± 6.06 and 8.5 ± 4.1 lUlL (Fig. 5), wbich were 
significantly different (p = 0.012). The mean peak 
FSH concentrations in group A and B were 120.0 ± 

45.87 and 48.7 ± 24.05 lUlL (Fig. 6) which were 
significantly different (p = 0.000). 

In our laboratory, pubertal response to 
GnRH stimulation is characterized by peak LH of 
> 20 lUlL (ELISA) or d LH of> 15 lUlL which is 
generally greater than peak FSH or d FSH. 
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Fig. 3. ~ LH levels (IU/L) in girls with isolated 
premature thelarche; group A (n = 13, aged 
< 4 years) compared with group B (n = 23, 
aged ~ 4 years). 
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Fig. 4. ~ FSH levels (IU/L) in girls with isolated 
premature thelarche; group A (n = 13 aged 
< 4 years) compared with group B (n = 23 
aged ~ 4 years). 

DISCUSSION 
The results of this study clearly show that 

girls with isolated premature thelarche had a predo­
minant FSH response to GnRH and the peak LH/ 
peak FSH ratio after GnRH stimulation was less 
than 1.0. In contrast, girls with true puberty had LH 
response following GnRH stimulation greater than 
that of FSH(3,4,7,11,12). In the present study, the 
levels of both LH and FSH following GnRH tests 
in children aged < 4 years were significantly greater 
than those of aged ~ 4 years. Therefore, the criteria 
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Fig. 5. Peak serum LH levels (lUlL) in girls with 
isolated premature thelarche; group A 
(n = 13 aged< 4 years) compared with group 
B (n = 23 aged ~ 4 years). 

to differentiate pubertal vs prepubertal response to 
GnRH stimulation in infancy and toddler vs child­
hood period should be different, i.e. the cut-off 
point for pubertal LH response in infants should be 
greater than that in children. Nevertheless, it is 
important to follow them every 3 to 6 months for 
assessing pubertal progression and growth velocity 
because isolated premature thelarche may be an 
early sign of precocious puberty0.2). A long-term 
follow up study in girls with PT revealed regression 
of thelarche in 44 per cent after approximately 3 
years and an overall progression into normal puberty 
at the appropriate time( 4). Recent retrospective 
study showed that majority of girls with PT had 
regression of breast volume during a period of 6 
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Fig. 6. Peak serum FSH levels (lUlL) in girls with 
isolated premature thelarche; group A 
(n = 13 aged< 4 years) compared with group 
B (n = 23 aged ~ 4 years). 

months to 6 years after diagnosis and about I 0 
per cent had persistent breast development until 
puberty03). 

In conclusion, LH response to GnRH sti­
mulation alone is able to distinguish prepuberty 
from puberty in girls > 4 years of age. However, 
young girls < 4 years of age with PT can have puber­
tal LH response, i.e. peak LH > 20 lUlL or L1 LH 
> 15 lUlL. Therefore, predominant FSH response to 
GnRH, i.e. greater than LH response, would con­
firm the diagnosis of PT in this groupO I, 14). 
Hence, the evaluation of FSH response to GnRH 
stimulation is beneficial in differentiating puberty 
from prepuberty in young girls < 4 years of age. 

(Received for publication on October 15, 1999) 
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nTl'Yiflft£1tJ gonadotropin-releasing hormone tu~tl-uJLi1'U~ Lflrl£1'\JltJ 

'i~lJ 'lfiJ!JtJJ"Jd-1, 'JYJ.!J. *, rrrPJnf mn['Jfmi§FT'J~fPJJlJI, W.!J. **, 

mn;ru FT~w;::l.h::uvN, Trw.*, 'lf'JI§(;I l.J~emmu~. w.u. ** 

Premature thelarche (PT) ~Dml:::YiL~nl1tY~ilnTlL'1'1qJL~ULiil'llfl~Liihu;.a WrJ~El~l~L~rnriD'WEll~ 8 u 

LlilrJ hJile5'1i11lnTlL'l1qJL&iu LlilL 1lnlltln~ LLfl:::m ~m:::~n hJil'I1'UlnllEll ~'11~ nT'l%'1\lrJ 1 11'1'11ll'lll~LLiilnlih~1:::'11-ll~ 
cJthrJ PT LLfl::: precocious puberty i:'ll~l1fl1'111:::11l'unm1~'W LH i'ililDUi:'I'WD~IiiD GnRH d'J'WI'llti~~lil LLiii1'Wrm:::tln~ 
1:::~unm1~'W LH 1w~m~nill'il~lnn-ll1'WL~n11il \1l~J'Wnl"l'i~mi~~*Amnn~1:::11l'unm1~'W gonadotropins ~ 
lilflUi:'I'WD~Iiifl GnRH 1'WcJtbrJ PT 1'Wn~~m~LL!ilnliil~rl'W 

<,l'Wl'WcJthrJ PT J~'l1~1il 36 'llrJ Ell~'l:::'11-ll~ 3 L~El'W - 8 uMLLU~ElflnLU'W 2 n~~ n~~ A iim~ 
..!DrJn-ll 4 iJTiilrJilm~L,.~rJ 1.57 ± 0.87 i'J <,l'Wl'W 13 "ilrJ n~~ B ilm~~lnn-ll 4 i'J LlilrJilm~L,.~rJ 6.97 ± 0.94 i'J 
<,l'Wl'W 23 'llrJ ~thrJJ~ 2 n~~11111um'lli11l'l'l1lfll~m:::~n (bone age), pelvic sonography nl'l'Yllilm:JU GnRH 

LLfl:::~lillill~~l'lll~LU~rJ'WLLUfl~'Yll~LWI'IYJ&ir!IJ)lliiEJ1 tJiJnEJ~l~.J!lrJ 1 i'J L vlt:~ffi'WtJ'Wll~UlrJ hJL'Jl'l~ puberty 

c.J~nl"i'Yllilm:JU'll!l~~ulrJJ~ 2 n~~ m~m:::~n!l~L'W mean ± 2SD 1l-lwul'lll~i11iltln&i'lJEJ~1~1'!iLLfl:::~lil~n 
c.J~nl"i'Yllili:'lflU GnRH WUll~UlrJYiL'll'l~ puberty 1:::\1lu LH 'J~"flil'l:::ill'il~lnn-ll 20 IU/L 'Y11flc.Jflliil~'llfl~'i:::\1lu LH 

'J~"flilrlUI'ilL~~\il'Wrifl'WYllnl'l'Yllili:'lfJU GnRH (d LH) > 15 IU/L LL~:::'l:::ill'il~lnnlT'l:::l'lu FSH 'J~"flil'YI1t:~ d FSH 

lill~iinl'lu c.Jfl'llnm'li~rJ1'WcJu•rJn~~ A l'ilLQ~rJ ± l'ilL~rJ~LU'W~llil'l3l'W'llfl~'l:::l'lunfln~'Wiiil~l wu-lT'l:::l'lu LH 'J~"flil 
13.0 ± 6.06, d LH 11.4 ± 5.92 IU/L; 'l:::l'lu FSH 'J~"flil 120.5 ± 45.87, d FSH 109.9 ± 42.09 IU/L rJ'thrJ 

n~~ B 'l:::~u LH 'J~"flil 8.5 ± 4.1, d LH 6.3 ± 3.49 IU/L; 'l:::l'lu FSH 'J~"flil 48.7 ± 24.05, d FSH 39.9 ± 

23.69 IU/L 

i:'IIUnl'llil!lUI:'I'Wfl~'llfl~ LH LWrJ~fl~l~LiiirJlliiflm'lm:::~'WiillrJ GnRH i:'ll~l'lflLLrJm:::'11ll~ prepuberty LL~::: 

puberty 1111L'WL~ntlilm~~lnn-ll 4 i'J Nl'l11uL~m~ni'imrrut:~rJn-ll 4 i'lm'lliltJUl'i'W!l~'ll!l~ LH 'l:::mnn-ll1'WL~ntlil 
~m:::l'lu LH 'J~"flil!ll'l~lnn-ll 20 IU/L l'l~J'Wm'l1'li"'l:::l'lu LH !l~l~L~rJl1'Wm11U'IQrJllrJti•m'll'l~ puberty 'S~r:m 
ill'lll~i11ilW~llil11i1' nl'llil!lUl'i'Wm'llfl~ FSH ~~'l:::ili'il~lnn-llnl'llilflUl'i'W!l~'llfl~ LH ~~'lflrJL'Wnl'llU'IQrJL'll'l PT 1111 

TlilmQWl:::L'Wn~~Yiiim~.Jt:~rJn-ll 4 i'J 

tll1thl'lqj : Premature Thelarche, Gonadotropin-Releasing Hormone 
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