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- ABSTRACT

Eighty children (58 girls and 22 boys) with
isosexual precocity seen in t he past eight years were
evaluated clinically and investigated to identify the
underlying cause. Of these, 50% (29 girls and 11
boys) had centrally mediated true precocious pu-
berty (TPP). The girls could be classified into five
major groups (I) Central precocious puberty 29 -
subclassified into idiopathic (ITPFP,15) and or-
ganic or neurogenic (NTTP,14), (II} Premature
thelarche (PT, 20), (IIl) Premature menarche
(PM, 2), (IV) Premature adrenarche (PA, 5), and,
(V) Others : hypothyroid (n=1), and McCune
Albright Syndrome (n =1). ITPP as a cause of pre-
cocity in girls was seen less often (52%) and NTPP
more often (48%) compared to most Western
series, with tubercular meningitis as the cause in
31% and hypothalamic hamartomas in 10%. Though
the LH and estradiol levels were significantly higher
(p<0.05) in TPP, compared to PT, these were not
helpful in differentiating because of considerable
overlap. LH-predominant-response (LH/FSH ra-
tio> 1) to LHRH testingwas seen in TPP. Amongst
the 22 boys, 11 (50%) had TPP, ITPP in 27%
andNTPP in 73%. Hamartomas (n =4) and TBM
(n=3) contributed equally to NTPP; pineal tumor
was seen in one. The adrenal (n =7) and testicular
(n=2) causes together involved 41% of the boys

One of the most fascinating and least
understood disorders of maturation is the
syndrome of sexual precocity. Complete or
true precocious puberty (TPP) mediated by
gonadotropins is isosexual and in its evolu-
tion similar to normal puberty with some
differences in the pace and pattern of matu-
ration. In incomplete or pseudoprecocious
puberty sexual maturation may be iso- or
hetero-sexual with only some of the sexual
charactertistics appearing early.

There are wide variations in the onset of
puberty in various parts of the world. The
acceptable definition of sexual precocity con-
siders breast development before the age of
eight years and menarche before the age of
ten years in females, and enlargement of the
testes before the age of nine years in male as

with precocity, congenital adrenal hyperplasia (CAH)
CAH, 11-B hydroxylase being the commonest cause.
Of the 6 boys witdeficiency was found in four and
nonsaltlosing form of 21-hydroxylase deficiencyin
2. Testicular and adrenal tumors and testotaxico-
sis were noted in one case each. The etiologic fac-
tors were more varied in boys.
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precocious. In the absence of other secon-
dary sex characters the appearance of pubic
hair in girls less than eight years and in boys
less than nine years in boys also warrants
evaluation(1).

Some of the large series have outlined
various aspects of precocious puberty in
children(2-5). The data on isosexual preco-
city from this country is limited(6,7). The
present series is a retrospective analysis of
eighty children of both the sexes with iso-
sexual precocity, seen during the past eight
years till December 1991.

" Material and Methods

Eighty children, 58 girls and 22 boys with
sexual precocity constituted the subject of
this study. Detailed history, including the
age of onset, the sequence of appearance
and the rapidity of progression of various
secondary sex characters, associated symp-
toms, birth history, milestones, past history
of medication or intracranial infection, were
all noted. Family history of consanguinity
and early puberty was also recorded. Care-
ful clinical examination was carried out and
pubertal development was assessed by
Tanner’s method(8,9). Testicular volume
was assessed by Prader’s orchidometer.

The skeletal maturation was assessed by
Greulichand Pyle’s atlas method(10). Other
imaging studies included ultrasonography
of abdomen for evaluation of size and
morphology of uterus, ovaries, adrenals and
testes. Plain skiagram of skull, and compu-
terised tomographic and Magnetic Reso-
nance Imaging of head (when indicated)
was carried out.

Vaginal cytology for estrogen effect was
obtained in 31 girls. Hormonal evaluation
included basal serum leutinizing hormone
(ILH), follicle stimulating hormone (FSH)
and estradiol or testosterone. Thyroid
hormones, thyroid stimulating hormone
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(TSH), prolactin, 17 alpha-hydroxyprogester-
one (17-OHP basal and post ACTH stimu-
lated when indicated) dehydroepiandros-
terone sulphate (DHEAS) and androstene-
dione (AD) were estimated as required.
Dexamethasone suppression test was car-
ried out when necessary. LH releasing
hormone (LHRH) stimulation test was done
by administering 50 to 100 pg intrvenously
and measuring LH and FSH at 0, 15, 30, 45,
60, 90 and 120 minutes(11). A pubertal type
of LH predominant response to LH/RH
test with a peak LH/FSH ratio exceeding 1
was interpreted as favouring centrally medi-
ated complete form of puberty as against
isolated thelarche(11,12). All hormonal
estimations were done by standard RIA
using appropriate standards and controls.
The 24 hours urinary 17 ketosteroid (17-KS)
excretion was determined by the standard
method.

Results

Of the 80 children presenting with isosex-
ual precocity 58 (72.5%) were girls and 22
(27.5%) were boys (ratio of 2.65). Based on
their clinical and investigative findings these
children could be classified into specific
clinical and etiologic groups. Follow up
evaluation also helped in confirming the
nature of the disorder.

Sexual Precocity in Girls (n=58) (Table 1)

The mean age at presentation was 4.5 *
2.67 years (0.66 - 8.5 years), and the mean
age at onset of symptoms was 3.37 + 2.43
years (0.25 - 7 years).

Presence of more than one secondary
sex characteristics, enhanced physical
growth and advanced bone age, current or
past evidence of CNS involvement, and
demonstrable CNS pathology on imaging,
favoured TPP. These findings were further
supported by marked estrogenization on
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vaginal cytology, rise in basal gondotropin
levels (when present) and/or pubertal LH-
predominant response to LHRH (tested in
10 girls).

Girls presenting with isolated breast de-
velopment with no enhancement of growth
or advanced bone age, prepubertal vaginal
cytology and absent or minimal evidence of
estrogenization, and little progression on
follow up, could be categorized as prema-
ture thelarche (PT). LHRH testing in six of
these girls showed an FSH predominant
response. Girls presenting with premature
menarche (PM) or premature pubic hair
growth or premature adrenarche (PA) had
no other secondary sex characters or associ-
ated clinical findings.

Group I-Girls with Central Precocious
Puberty (TPP)

Twenty nine (50%) of the fifty eight girls
with sexual precocity (Table I) could be
classified as having TPP. The mean age at
the onset of symptoms for this group was
3.85 £ 2.17 years (0.25 to 7 years). Fifteen
(52%) had an idiopathic true precocious
puberty (ITPP) with no demonstrable intra-
cranial pathology, and 14 (48%) had an
organic or neurogenic causc (NTPP). The
~ mean age at onset or presentation did not
differ significantly between these subgroups.
Amongst the causes of NTPP (Table II),
post meningitic precocious puberty was the
commonest (9 of the 14, 64%) and hypotha-
lamic hamartomas were next (3 of the 14,
21%). Neurologic sequelac like mental sub-
normality, behavioural disorders, or motor
deficits were cvident in 10 of the 14 girls with
NTPP.

Development of breast was the first no-
ticeable abnormality in all, and at the time of
presentation the development varicd from
Tanner stage II to V (22/29 with stage II to
III). Presence of pubic hair Grade I to V

VOLUME 30—MAY 1993

was seen in 19 (with majority having Grade
IT), and axillary hair was present in 8. Ten of
the 29 girls had attained menarche. The rate
of progression of pubertal signs varied a
great deal. The duration between the initial
breast development and menarche ranged
from 2 months to 5%z years. Rapid evolution
of sexual precocity with breast development
in very early infancy and onset of menarche
by 3 months to 3 years was noted in three
girls with hypothalamic hamartomas. In rest
of the girls with NTPP the rate of progres-
sion was not as rapid. In three of the 15 girls
with ITPP, evoluation of secondary sex
characters was slow with menarche occur-
ring 5 to 5% years after initial breast
development.

All the fifteen garls with ITPP had weights
and heights at or above 50th percentile of
Tanner (hecights above 90th percentile of
ICMR) in comparison with 11 of the 14 with
post asphyxial or post meningitic NTPP with
weights and heights below 25th percentile of
Tanner (Fig. I). The three girls with NTPP
duc to hypothalamic hamartomas had heights
above 50th percentile. The growth velocity
(data available in 50%) was above normal
for age. The skeletal maturity was ahead of
chronologic age by 1.5 to 7 yeas (mean 2.6
years); there was no significant difference
between ITPP and NTPP. The mean height
age in ITPP was significantly more (p<0.01)
than that in NTPP (Table I).

Pclvic ultrasonography in 20 demon-
strated, uterine size larger than in normal
prepubertal girls in 8, and an ovarian size of
pubertal age in 9. In 11 multiple small cysts
were noted in ovaries. Vaginal cytology(21)
showed a marked estrogen influence in
fifteen.

Basal serum FSH levels ranged between
1.44and 26 mIU/ml(mean6.94+5.75mIU/
ml) and LH levels ranged between 0.1
and 13 mIU/ml (mean 5.52+3.49 mIU/ml)
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TABLE 1-Sexual Precocity in Girls (n=58)
No.of  Percen- CA. Age at Height Bone age
Clinical group cases tage (yrs) onset (yrs) age (yrs) (yrs)

(n) Mean + SD Mean + SD  Mean + SD Mean + SD
I CPP 29 50 5.87x2.66 3.85+2.17 575281 838+3.56
ITPP 15 52 5.96+2.13 430199 7.13+£253 885+3.04
NTPP 14 48 "5.78+3.15 341+234 395+2.12 791+408
I PT 20 345 2.66+2.20 154227 245212 271232
IIT PM 2 35 230+£0.71 1.80+0.94 280099 2.13x088
IV PA 85 583x287 470+2.79 504251 531213

V  Others* 2 35

*One patient with hypothyroidism due to thyroiditis
One patient with McCune Albright.

The mean age at.onset and presentation was significantly lower in girls with PT (p < 0.005) as compared

to CPP. :

The bone age in CPP was significantly advanced than chronologic age (CA) = (p<0.01).

Statistical evaluation by Student’s ‘t’ test.

TABLE I1-Etiology of Central Precocious Puberty (CPP) Amongst 40 Children.

Girls (n=29) Boys (n=11)

Nature of No. of Percentage No. of Percentage
TPP ' cases cases
Idiopathic (ITPP) 15 52 3 27
Neurogenic (NTPP) 14 48 8 72

Post meningitic 9 3

Cong. hydrocephalus 1

Post asphyxial 1 -

Hamartoma 3 4

Pinealoma - 1

(Table IIT). The mean serum estradiol level
was 44.39+40.92 pg/ml. LHRH stimula-
tion(10) (Fig. 3) showed a predominant LH
response with a peak LH/FSH ratio more
than 1 (peak FSH response 5.1 to 80 mIU/
ml, mean 32.91£23.55 mIU/ml; and peak
LH 5.6 to 249, mean 93.8+67.77 mIU/ml)
(Table II).
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Group II: Girls with Premature Thelarche
(PT)

Twenty of the 58 girls (34%) presented
with isolated progressive breast develop-
ment starting between 0.25 and 6.5 years.
The mean age at presentation was 2.66 + 2.2
years (Table I), being significantly younger
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TABLE NNI-Basal FSH LH Estradiol and Peak FSH, LH Levels after LHHRIT test in Guis w:th True
Precocious Puberty (TPP} and Premature Thelarche (PT)

Cm

No. of Basal FSH SE. Basal I.H SE Estradiol SE .

cases miU/ml mlU/ml pg/ml

(n) Mean+SD Mecan +8SD Mean*SD
TPP 29 694575 115 5524349  0.69 4444092 892
(Peak)  (10) 32912355 . | 938x6777 77 . *
PT 20 5312419 112 2085115 031 «or . 16055987 297
(Peak) 6) 68083072 - | 19.86+939 “

No significant difference between basal levels of FSH in TPP and PT (p>>0.05) but LH and estradiol
differ significantly (p<0.01). L ;b o

Peak FSH significantly higher in PT (0<0.03). '

Peak LH significantly higher in TPP (p<0.05).

contributory. Breast development varied
" between Stages Il and 111. There were no
o ©e owiee  othersecondary sex characteristics. Vaginal
® o o - cytology(10) showed minimal estrogen effcct
o ’ in two. Pclvic sonography in (15) showed
© normal uterine size in all, and normal ova-
75f- ® ries in cleven; three cases showed two to
°® o0 © three small ovarian follicles. One 6.5 year-
°r ° ° old-girl had a large cyst 17x10 mm in left
R RN .+ ovary. On follbw up the cyst regressed,

r ¢ P .:;‘."‘;\ P ; breast development, however, persisted.
°° g * Basal FSH and LH levels of 5.31 + 4.19
o« 8 ¢ ) - mlU/ml and 2.08 = 1.15 mlU/m], respec-
3} N tively (Table 1IT) were significantly lower
o U e (p<0.01) than TPP. The LHRH stimulation
e test(6) showed predominant FSH peak re-
WEIGHT PERCENTILE sponsc of 68.08 = 30.72 mIU/ml with LH
ig. 1. Height and weight percentile (Tanner’s) in peak 0f 19.86 + 9.39, and LH/ FSH ratio of
giﬂs (n=29) with ITPP and NTPP. The less than 1 (Table 1T and Flg 3) The mean
three girls with NTPP above 50th percentile basal estradiol Ievel of 16.05 + 9.87 pg/ml
Jor height had hypothalamic hamartomas. was significantly (p<0.01) lower than in
girls with TPP (Table [11). The basal hormo-
than the group with TPP (p<0.05). Unlike  nal profilc was not always helpful in distin-
the TPP, the PT had a mcan height age and ~ guishing PT from carly TPP presenting with
bone age close to the chronologic age. isolated breast enlargement duc to overlap

Pasthistory and family historywerenon-  of values (Fig. 2).

ety

HEIGHT PERCENTILE

s W AR

611
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Fig. 2. Serum FSH, LH and estradiol values in girls with central precocious puberty - CPP (n=29) and

premature thelarche - PT (n=20).
- -

Group III: Premature Menarche

In the present series two girls aged 1.75
years and 2.75 years (Table I) presented for
cyclical vaginal bleeding in absence of any
history of medication, and without any sign
of sexual precocity. Their linear growth was
at 90th percentile of Tanner’s and the skele-
tal maturity close to chronologic age. The
younger patient presented for six episodes
of monthly bleeding beginning at 1.5 years.
Her pelvic sonography and brain CT scan
were normal and vaginal cytology showed
minimal estrogen influence. Basal serum
gonadotropins, estradiol, thyroid hormones
and TSH were normal but prolactin was
high (62 mIU/ml). The second patient pre-
sented with 7 episodes of vaginal bleeding

FSH AND LH mi / mi

110 LY & ---8pT
o—eTPP
ml
”LLHRH LH
ao-
70"
. P
601 T,
T FSH_&
501 Y Sl
R
aot 1
e
30 A FS
’
20t /.’ "_,§HI:_H_“
% S
10} *
i 1 A 1 1
0 15 30 45 60 920 120

Minutes ofter LHRH odministration

Fig. 3. Mean +0SD, FSH and LH values after 1V
LHRH (50-100 pg) in girls with TPP (n=10)

over a four month period. Her pelvic sonogra-

phy demonstrated 2-3 mm cyst in the right

612

and PT (n=6), showing apredominant LH
response in TPP and FSH response in PT.
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ovary. Hormonal profile was normal. Over
the next few months of observation bleeding
stopped in both. Blecding has not recurred
in the past five years in any of them and no
other secondary sex characters have deve-
loped as yet. .

Group 1V: Premaiure Adrenarche (PA)

Five of the fifty girls presented with
slowly progressive pubichair growth, (Stage
IT to ITI) without virilization ; three of them
had axilliary hair with adult type sweat odor.
None of them had any other secondary sex
characters. The age at onset of pubic hair
growth was between 4 and 7 years (Table
IV). One of these patients (RK) with rapid
weight gain was found to have retardation of
skeletal maturation by 2.5 years and was
confirmed to have hypothyroidism due to
thyroiditis (Table V). DHEAS was ele-
vated in two, and urinary 17 kctostcroids
werc marginally clevated (for their age) in
three. 17-OHP response to ACTH stimula-
tion was unequivocal. Basal FSH, LH and
estradiol were in the prepubertal range. On
subsequent follow up over the past four
years pubcrtly has progressed normally in
the four older girls and the fifth one is
growing normally.

Group V: Hypothyroidism and McCune
Albright Syndrome with Sexual
Precocity

Onc of the patients (Table I), aged 5
years and 10 months presented with 2 epi-
sodes of vaginal bleeding over two months.
She had pallor, puffiness of eyes, and breast
development (Stage IT with pigmented
nipples and areola but no galactorrhea).
Her height was below 3rd percentile Tan-
ner’s with retardation in skeletal maturation
by 18 months. Pclvic ultrasonography was
normal except microcystic changes in the
left ovary. Her T4 was 5.2 pg/dl with TSH>9)
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mIU/ml, and a high antimicrosomal anti-
body titre. The LHRH test showed a pre-
dominant FSH response up to 16 mIU/ml
with no rise in LH. Serum estradiol was 30
pg/ml (prepubertal <20) and prolactin 16
mlIU/ml. With institution of levothyroxine
therapy all signs of puberty regressed.

The paticnt with McCune Albright syn-
drome had extensive unilateral skin pig-
mentation involving face and trunk, fibrous
dysplasia in the fibula, and development of-
breast (Stage IV) and pubic hair (Stage II).
Her skeletal maturation was advanced by 12
months. Her CT scan of head and pelvic
ultra-sonography were normal. LHRH stimu-
lation test showed a predominant LH
response with a LH/FSH ratio of 3.48. °

Sexual Precocity in Boys (n=22)

Boys constituted 27.5% (22/80) of the - .
present series. The mean age at the time of
presentation was (5.79 + 3.93 years, range
6.5 to 12 years). The mean age at onset (3.56
+ 2.58 years) ranged between 2 months and-
8 yecars. History of past intracranial infec-
tion was clicited in two. Two boys with CAH
due{611-B hydroxylase deficiency were first
cousins.

Based on the history and clinical exami-
nation this group could be classified into -

- TPP and pseudoprecocious puberty (PPP).

The presenting features (Table V) in the 21
boys with precocity were pubic hair growth

- and increasc in penile size. One subject pre-

sented with only pubic hair growth and was
confirmed to have premature adrenarche.
Physical features likc increased growth,
generalized muscularity, and deepening of
voice were often not noted by parents. The
pubic hair development ranged from
Tanner ITto V. Bilateral testicular enlarge-
ment (4 to 20 ml) was noted in 11/22 (TPP)
the size corrclated with the duration of symp-
toms and rapidity of progression. One patient
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TABLE IV-Girls with Premature Adrenarche (n=35)

Sr. Sub- CA. Ageat Height B.A.  FSI LH E2 TESTO 17-OHP DHEAS URINARY

No. ject (yrs) onset percen- (yrs) (mlU/ (mIU/  (Pg/ (ng/ (ng/ml) (ng/mi) 17-KS
(yrs)  tile ml) ml) mi) mti) (mg/24 hrs)

1 Al 6-1lm 5-5m 2550  6-10m 1.9 1 8.4 0.2 1 1950 6.5

2 K§S 6- 6m 4 50 5-9m 1.1 2.2 8 6.2 0.56 1000 4.2

3 RK* 7- 8m 6-10m 310 3 21 1 - 03 . 4

4 SP 7-5m 7- Tm 3-10 8 3 3 9.5 0.3 0.7 350 2.7

5 RM 4 8m 4- 6m 2550 4 3 13 2.19 0.04 1 250 1.5

In prepubertal children, 17-OHP <2.5 ng/ml, DHEAS (250-350 ng/mi) and 24 hr Urinary

Ketosteroids

* RK - Hypothyroid patient (see text). ="

Fl

17-OHP response to ACTH stimulation in 3 cascs (AJ, KS, SP) was unremarkable.

. ks
TABLE V-Symptoms and Signs in Male Chil-
dren-with Sexual Precocity (n=22)

Pubic hair growth - 22
Increased penile size - 21
Deepening of voice - 10
Aggressive behavior

and hyperactivity - 13
Increased physical growth - 7
Testicular size increase - 11
Hirsuitism - 6
Generalized muscularity  ° - 14
Acne - 5
Mental subnormalcy - 5
Seizures - 2
Hypertension - 4

with testicular tumor had unilateral increase
in testes (6 mli).

The weight of 20/22 patients werc above
the 50th percentile of Tanner and heights
exceeded S0th percentile of Tanner’s (90th
percentile of ICMR) in all except one with
hypothyroidism ( <3rd percentile). In 11 of
22 (50%) the heights exceeded 97th percen-
tile of Tanncr’s. Bone age advance in the
group ranged between 12 to 7 years with a
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are <3 mg between 3 and 7 years.
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mean advance of 4 years except in the pa-
tient with hypothyroidism.

These children could be classified into
five etiologic groups after appropriate clini-
cal assessment and investigation (Table VI).

Group I: Boys with True Precocious Puberty

+ TPP was suspected and confirmed in
11/22(50%) boys (Table V). Eight of the
eleven children (73%) had NTPP, more
often than in girls (48%) (Table I11). ITPP-
involved 27% of boys (52% 1n girls) (Table
II). The causes of NTPP arc listed in
Table If. Hamartomas were noted mn 4/11
boys (369%) with TPP. The mean age at
onsct of sexual precocity was 3.62 + 2.59
years but the onset of symptoms was much
carlier (3-10 months) in three of the four
boys with harmartoma and progression more
rapid; two of them had delayed milestones
and developed scizures. One of the three
boys with TBM had mental subnormalcy.
An eleven-year-old boy with pineal tumor
presented for increased intracranial pres-
sure besides progressive sexual precocity
since the age of 8 years. The age at onsct was
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between 3-4 years in children confirmed to
have ITPP.

The mean basal FSH and L.LH were sig-
nificantly above the prepubertal levels and
higher than in boys with adrenal or testicu-
lar pathology (Tuble VT). The serum testos-
terone levels were very significantly higher
than in prepubertal boys (p<0.001).

Group II: Sexual 'Precocity Due to Adrenal
' Causes

The second important cause of sexual
precocity in boys was related to adrenals.
This peripheral form of pseudo puberty
‘was seen in seven boys (32%) of the series
(Table IV). Six of these seven boys were
confirmed to have CAH with an early onset
of symptoms, mean age 2.45 = 1.44 years.
Testicular size was prepubertal in all. None
had salt wasting symptoms, but hyperten-
sion ranging between 130 and 150 mm sys-
tolic by 90 to 100 mm diastolic was noted in
four. All were well grown, muscular with
height age and bone age excceding the
chronologic age (Table VT). Marked gene-
ralized darkening of the skin was observed
in one. The gonadotropins were in the
prepubertal range with elevation of serum
testosterone as well as 24 hours urinary
17-ketosteroids (Table VT). The serum (17-
OHP) level was moderately-elevated mean
6.6 = 23 ng/ml (4.2 to 7.2 ng/ml) in the 4
children with the hypertensive form (pre-
sumed 11-f hydroxylase deficiency) as
compared to the 2 with the classical CAH
due to 21 hydroxylase deficiency (Table V1),
with elevation up to 28 + 5 ng/ml Scrum
11-deoxycortisol elevation characteristic of
CAH with 11 - hydroxylase deficiency could
not be estimated. The hypertension responded
to steroid therapy.

One of these seven boys aged 9 years
presenting with adrenogenital syndrome and

a left adrenal mass had marked elevation of

616

ISOSEXUAL PRECOCITY

adrenal androgens, DHEAS and andro-
stenedione (Table IV) with very high
(45 mg/24 hours) urinary 17 ketosteroids.
CT scan confirmed large mass which proved
to be an adrenal carcinoma on surgery.

Group III: Sexual Precocity due to Testicu-
lar Causes N

Testicular pathology affected two boys

(9%). A four year old boy had testicular

tumor with unilateral testicular enlargement

(volume 6 ml). His height age and bone age
were markedly advanced (Table VI). Imag-
ing studies of the gonads confirmed a well
defined unilateral well encapsulated mass.
Hormonal assays were confirmatory with
well marked serum testosterone elevation
and minimal increase in DHEAS (Table
VI). Histopathology confirmed a Leydig cell
tumor on orchidectomy. On follow up one

year later this patient developed a slowly

progressive TPP.

One patient (MG) presented at 3 years 8
months, with progressive penile growth and
pubic hair since the age of two years. The
pubic hair was Tanner Stage 111 with penile
size \G% and prepubertal testes (between
2-3 ml). His height age (5.5 yeas) and bone
age (7yecars), werc bothmarkedly advanced,
(Table VI). His 17-OHP and adrenal
hormones (DHEAS and androstenedione)
were normal, urinary 17 ketosteroids were
moderately elevated and nonsuppressible
by dexamethasone. Scrum testosterone was
clevated to 1.7 ng/ml and gonadotropins
were suppressed. The response to LHRH
testing was prepubertal. Early morning ACTH
level of 10 pg/mi was normal (norml 12-60
pg/ml). 17-OHP response to intravenous
ACTH was equivocal. Testicular biopsy was
refused. There was no history of medication
and family history was noncontributory. This
patient probably had gonadotropin inde-
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pendent precocious sexual development now
described as testicular testotoxicosis.

Groups IV and V

One 12-year-old boy with moderate
mental subnormalcy and growth failure had
progressive sexual maturation since the age
of 7 years. He had TPP as indicated by
bilateral increase in testicular size (12 ml),
with retarded height age (7 years) and bone
age (5 years) (Table VI). His hypothyroid
state was confirmed by low T3, T4 and TSH
>100 mlIU/ml with prolactin clevation to
110 mIU/ml. . ,

Another 8%-ycar-old boy presenting for
progressive pubic hair growth Stage [11 since
the age of 7% years had slightly advanced
bone age and moderate obesity. His serum
LH and testosterone were in prepubertal
range with slight elevation of serum DHEAS
and urinary 17 ketostcroids (Table VI). CT
scan of the adrenals was normal. 17-OHP
and DHEAS response to ACTH stimula-
tion test was uncquivocal. These findings
and follow up confirmed the diagnosis of
prematurc adrenarche.

Discussion

A varicty of ctiologic factors cause isosex-
- ual precocity by premature elaboration of
sex steriods in response to gonadotropins of
pituitary origin or rarcly from othcr sources
or intrinsic discasc of the gonads or adre-
nals. Besides being classified as complcte or
incomplete, true or pseudo, sexual precocity
is also referred to as central or peripheral
~ and occasionally as combined peripheral

“and central when the latter supervenes over
the former, Sexual precocity in girls is often
_avariation of normal ; in its extreme form as
in idiopathic TPP, or as with prcmaturc
thelarche and adrenarche or uncommonly-
1isolated prepubertal menses, Forms of sex-
ual precocity in girls which are slowly pro-
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gressive variants(13) or transient(14,15) are
now described. An inherited gonadotropin
independent disorder in boys also desig- -
nated familial testotoxicosis, is now known -
(16). Hypothalamic hamartomas have now
been identified with MRI in the so called
ITPP in both the sexes(5).

Precocious pubertyis encountcred more
commonly in girls than boys. In a large
series of 772 cases reviewed by Seckel there
were 591 girls and 181 boys (17). The pres- -
ent scries of 80 children had a female to
male ratio of 2.65 : 1.

Central form of True Precocious Puberty in
Both the Sexes

The central form of TPP is most com-
monly encountercd and involves more than
50% of children presenting with sexual
precocity(2-5). Itis reported to be five times
more frequent in girls than in boys(18). In
the present series centrally mediated TPP
involved 40 of the 80 children (50%) with a
female to male ratio of 2.64:1 (29 girls and
11 boysY:

More than onc sign of sexual maturation
with advanced physical growth and bonc age
in girls is indicative of central form TPP
though isolated breast development may be
an early sign of TPP for as long as 6 months,
and hence diagnostic difficultics arise in
distinguishing early TPP from prcmature
thelarche. In boys bilateral testicular en-
largement suggests central form of puberty.

Amongst the girls with ITPP wide
variation in the age of onset and rate of pro-
gression was observed with a relatively slow
progression in majority of girls with the post
meningitic form and an onset during infancy
or carly childhood with a rapid progression
in thosec with hamartomas. A slowly pro-
gressive variant as described recently(14)
was noted in three of the fiftecn girls with
ITPP. Interestinglv increased physical growth
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and height age advance was significantly
more (p<0.05) in girls with ITPP as com-
parcd to NTPP,

Till recently TPP was considered to be
idiopathic in 95 to 75% of girls(2,19,20) in
contrast to 60% in boys(21). With the ad-
vent of high resolution CT Scans and MRI,
higher frequency of organic form of TPP is
recognised and hypothalamic hamartomas
account for 16 10 33% in girls(5,22) and 50%
in boys(5). In the present serics amongst the
29 girls with TPP, only 52% had the idio-
pathic form and 48% had organic neuro-
genic pathology (NTPP). Amongst the 11
boys with TPP 27% were idiopathic and
73% had an organic cause. Two series from
Indiareport the incidence of ITPP in boys as
14%(6) and 25%(7) as comparcd to 6%
from the USA(S). Postmeningitic form of
TPP involved 31% of girls and 27% of boys,
thus contributing to almost two thirds (64%)
of the girls and one-third (36%) of the boys
with NTPP. Similar high incidence of post-
meningilic precocious puberty involving over
25% and ITPP in 57% in a series of 21 girls
with TPP has been reported(6). However,
other Indian serics reported the incidence
of ITPP in girls as 71%(7) and 85%(23).

In the present series hamartomas were
detected in 10% of girls and 36% of boys
with TPP. Of the tumors causing precocious
puberty, hypothalamic hamartomas are now
believed to be the most common. Hamar-
tomas constitute an accessory hypothala-
mus with neurones releasing pulsatile GnRH
bringing about early onset and rapid pro-
gression of sexual devclopment with rela-
tively bigher LH and FSH levels(22,24). Of
the sevenchildren (3F and 4M) with hamar-
tomas in the present scries all had onset of
symptoms by the age of 3 months to three
years; in girls menarche was attained by the
age of 3 months to 3% years. A variety of
seizure disorders are also described in
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children with hamartomas(24). Two of the
boys in this serics developed seizures, on
follow up.

In girls basal levels of gonadotropins
and estradiol are not always helpful in dif-
ferentiating early TPP from PT as individual
values overlap due to inclusion of girls at
varying stages of sexual development both
early and late. However, the mean levels of
LH and estradiol were significantly elevated
(p<0.05) in girls with TPP. LH predomi-
nant response to LHRH with LH/FSH ratio
exceeding one 1s more likely to be encoun-
tered in TPP(11,12,25). Follow up evalua-
tion of these girls confirmed the initial
diagnosis.

Sex Precocity -As Variants of Normal

These variations are more commonly
encountered in females; premature thelarche /
gonadarche and premature pubarche /adre-
narche and a related but rare disorder iso-
lated prepubertal mensces(19,20). These are
incomplete forms of soscxual precocity where
breast gevelopment (thelarche) or sexual
hair development (pubarche) is of a degree
appropriate for an carly stage of adoles-
cence and most often non-progressive.
In the present series, 27/58 girls (46%)
belonged to this category of variants of nor-
mal. Amongst the 22 male children only one
had PA.

Premature Thelarche

The term premature thelarche (PT) was
first coined by Wilkins to refer to the iso-
lated development of breasts in young girls(2).
In these girls growth and skeletal maturtion
are unatfected and there is no significant
estrogen effcet on vaginal cyto-logy or changes .
in hormonal levels. This constituted the next
largest group (20/58 - 34%) amongst girls
presenting with sexual precocity. The mean
age at onset was significantly lower than
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girls with CPP. Mills et a/.(26) described the
natural history of 46 girls with PT and on 3-
5 years follow up noted no change in 57%,

progressive enlargement in 11% in absence

of any other symptoms and complete
regression in 32%. In the present series
skeletal maturation as expected was unaf-
fected and pelvic ultrasound and vaginal
cytology was non-contributory except the
detection of ovarian cyst in one. Since breast
development is often the first sign of TPP 1n
majority of girls, careful evaluation and fol-
low up is essential to distinguish PT from
TPP for prognostic and therapeutic rea-
sons. Basal levels of gonadotroins and
estradiol were unremarkable and within the
. prepubertal range. The FSH predominant
, responseto GnRHwith peak LH/FSH ratio
- was less than one and was helpful in
supporting the diagnosis of PT, when
tested.

The precise pathophysiological mecha-
nisms causing thelarche are still unknown. It
was hypothesized to result from increased
breast sensitivity to estrogen(27) or as sum-
marized by Pescovitz(12) due to transient
estrogen sccretion by ovarian follicular
cysts, orincreased estrogenproduction from
adrenal precursors. Partial activation of the
hypothalamic-pituitary-ovarian axis with
excessive FSH sccrefion, is also postulated
(12,28). The FSH-predominant response typi-
cal of girls with PT is probably consistent
with early activation of hypothalamic LHRH
neurones(12). Thus, Pescovitz et al., postu-
lated that PT and CPP may represent differ-
ent positions along a continnum of hypo-
thalamic LHRH neuron activation(12).

Isolated Vaginal Bleeding

Isolated cyclic vaginal bleeding in other-
wise normal prepubertal girls in the absence
of sexual development or any detectable
uterine or vaginal adnormalities is uncom-
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mon and seldom reported(29,30). In recent
repert of seventeen girls with isolated
menses, the plasma gonadotropins were nor-
mal but the estradiol level was significantly
above the normal prepubertal range
suggesting transient ovarian activity and
instability of the pituitary gonadal axis(31).
These authors also speculate scasonal
variations of hormonal regulation(31). One
of our patients showed a predominant FSH
res-ponsg with unexplained prolactin eleva-
tion. Similar brisk response of FSH to GnRH
is described in one of four patients with
premature menarche suggesting a transient
activation of the hypothalamic pituitary-
gonadal (HPG) axis(29). Vaginal cytology
showed little estrogen effect in both our
patients in presence of normal serum
estrogen levels. Increased sensitivity of the
endometrium to circulating estrogen levels
too low to produce breast development has
been postulated(29). A long term follow up
of these girls to adulthood had shown no
abnormality(30). It s important to exclude
local  causes and conditions like hypo-
thyroidism, McCune Albright syndrome,
ovarian pathology and NTPP in girls pre-
senting with isolated vaginal bleeding,.

Premature Adrenarche

Premature adrenarche (PA)—growth of
public and/or axillary hair in children is
usually a nonprogressive benign condition
caused by precocious release of adrenal
androgens and is seen more commonly in
girls. It may be confused with TPP or patho-
logic virihzing disorders. High levels of
DHEAS arc described in PA but the corre-
lation between pubic hair status and DHEAS,
cannot always be established. Racial (pre-
dominance in black girls) and individual
difference in the sensivity of pubic hair
follicles to androgenic stimulation is postu-
lated(32). In the present scries four girls and
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one boy presented between 5.5 to 8 years of
age. Adult type axillary odor as emphasized
by Kaplowitz(32) wasnoted in all girls. Mini-
mal elevation of adrenal androgens and
urinary 17-ketosteroids with normal gonado-
tropins and gonadal steriods, supported early
activation of adrer uls.

Though breast development and early
menarche are known in untreated hypothy-
roids, isolated premature adrenarche as a
presenting feature of hypothyroidism is
uncommon as seen in one of our patients.
Adenal hormonogenesis 1s usually un-
affected(33).

Hypothyroidism and McCune Albright
syndrome causing precocious puberty

Of these 80 children two girls with thy-
roiditis (1 precocious puberty and 1 with
adrenarche) and one boy with congenital
hypothyroidism presented with sexual pre-
cocity. It is presumably caused by hyper-
prolactinemia and/or increased gonado-
tropins in response to excessive production
of thyrotropin releasing hormone(34,35).
Adrenal hormonogenesis 1s not increased,
therefore, pubic hair and axillary hair are
usually absent or sparse(33).

The association of sexual precocity with
McCune Albright Syndrome in girls is well
known. The mechanism is controversial ;
usually due to autonomous ovarian cysts or
occasionally early activation of the hypo-
thalamic-pituitary-gonadal axis(36). In our
patient the presence of other sexual charac-
teristics and a LH predominant response to
LHRH testing supported central activation.

Incomplete (Peripheral) Forms of Sexual
Precocity in Boys

Virilization in absence of activation of
the HPG axis occurs due to autonomous
secretion of adrenal androgens or testo-
sterone or by production of chorionic gona-
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dotropins from other sources causing stimu-
lation of Leydig cells. Lack of testicular
enlargement as in TPP, suppressed LH<FSH
levels and prepubertal gonadotropin response
to GnRH is characteristic. In a compiled
data on 348 boys with sexual precocity 65%
had complete and 35% had the incomplete
form with adrenal disorders accounting
for 65% of the boys with incomplete
form(21)

Sexual Precocity and Disorders of the
Adrenals :

The most common cause of early pseu-
dopuberty in boys is usually nonsalt loosing
form of CAH-21 hydroxylase deficiency
(18,21). Rapid physical growth and signs of
sexual precocity in the absence of testicular
growth are often noticed by 2 to 3 years of
age. In the present series, CAH was an
important underlying cause and involved
27% of boys with sexual precocity and 55%
with the incomplete form. Four of them had
11-B hydroxylase deficiency associated with
hypertension. The estimation of specific
adrenalwandrogens in blood/urine help in
confirming the diagnosis. Marked elevation
of 17-OHP in blood is typical of 21 hydrox-
ylase deficiency while as 11-deoxycortisol
cstimation helps the diagnosis of 11-B hy-
droxylase deficiency. The presence of hy-
pertension with virilization, dexamethasone
suppressibility of 17-kctosteroids and con-
trol of hypertension with corticosteriods are
useful aids. The clinical picture 1s occasion-
ally confused by the superimposed onset of
true puberty(2). In children diagnosed late,
TPP may supervene with the institution of
glucocorticoid therapy(37).

Adrenal tumors, adenomas or carcino-
mas are uncommon but most often are viril-
izing, and occur in the first decade(38). The
patient in the present series had adrenal
carcinoma, It is important to differentiate
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adrenal virilizing tumor from congenital
adrenal hyperplasia. Very high levels of cir-
culating adrenal androgens as alsoseen here
and nonsuppressible markedly elevated
urinary 17-ketosteriods are characteristic of
the former. Part of these androgens are
converted to testosterone.

Sexual Precocity and Disorders of the Testes

Only 2 of the 22 boys (9%) in this series
had sexual precocity due to testicular in-
volvement. Tumors of the testicle are rare in
childhood and usually present as unilateral
painless scrotal mass. In contrast with other
testicular neoplasms which occur during the
first year of life, functioning Leydig cell or
sertohi cell tumors tend to occur after 2 years

. of age and majority have occured in males
five years of age or older(39,40). Leydig cell
neoplasms in contrast to other testicular
germinal neoplasms follow a benign course.
As with CAH or adrenal virilizing tumors,
rapid onset of true puberty may follow the
removal of the tumor as was also noted in
the present case.

Leydig cell hyperplasia can occur inde-
pendent of gonadotropin control(13,41). The
disorder is familial, apparently transmitted
as an autosomal sex limited trait manifested
only in males. Virilization may be evident at
birth and usually distinct by age of five years.
Gonadotropins are low, HCG undctectable,

- serum testosterone is elevated and plasma

LH responseto LHRH is prepubertal. Little

increase in testicular size inappropriate for
the degree of sexual maturation may be
seen. This disorder is uncommon and only
one patient in this series was suspected to
have this. Testicular biopsics show a spec-
trum of changes from incipient pubertal
development of the tubules and prolifera-
tion of Leydig cells to the appearance of
normal adult testes(13,41). A circulating
testis stimulating factor has been recently
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identified in the plasma of boys with this
disorder(42).

Thus isosexual precocity is more com-
monly encountered in girls and in this series
was almost three times more common than
in boys. The underlying causes also differ a
great deal between the two sexes. In females
it is more often the variations of normal,
ranging from idiopathic truec precocious
puberty to premature thelarche, menarche
and adrenarche, which involved 41 of the 58
girls (715). Adrenal causes are important
in boys. Central form of the disorder is
common in both the sexes and involved 50%
of the whole series and in both the sexes. A
much higher frequency of organic neuro-
genic causes (48%) leading to centrally
mediated TPP was noted in girls, with 2/3 of
these attributable to TBM, We are not aware
of similar high incidence of NTPP from
other developing countries or elsewhere.
Hamartomas arc now being identified with
increasing frequency in the so called ITPP
and were seen in 10% of girls and 36% of
boys with TPPin "this serics. A careful clini-
cal evaluation, growth monitoring and fol-
low up with appropriate investigations is
helpful in planning appropriatc managing

~ strategies.
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