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The prevalence of precocious puberty is higher in certain
ethnic groups, and some cases may be familial. The aim of this
study was to investigate the mode of inheritance of familial
precocious puberty and to identify characteristics that dis-
tinguish familial from isolated precocious puberty. Of the 453
children referred to our center for suspected precocious pu-
berty between January 1, 1997, and December 31, 2000, 156
(147 girls and 9 boys) were found to have idiopathic central
precocious puberty, which was familial in 43 (42 girls and 1
boy) (27.5%). Data of the familial and sporadic cases were
compared. The familial group was characterized by a signif-

icantly lower maternal age at menarche than the sporadic
group (mean, 11.47 + 1.96 vs. 12.66 = 1.18 yr; P = 0.0001) and
more advanced puberty at admission (Tanner stage 2, 56.5% vs.
78.1%; P = 0.006). Segregation analysis was used to study the
mode of inheritance. The segregation ratio for precocious pu-
berty was 0.38 (0.45 after exclusion of young siblings) assum-
ing incomplete penetrance and 0.58 (0.65 after exclusion of
young siblings) assuming complete ascertainment. These re-
sults suggest autosomal dominant transmission with incom-
plete, sex-dependent penetrance. (J Clin Endocrinol Metab 89:
1794-1800, 2004)

N A 1997 STUDY in pediatric practices, Herman-Giddens
et al. (1) demonstrated that puberty may occur at an
earlier age than previously thought, with a rate of early
puberty four times higher in African-American girls than in
Caucasian girls. This observation suggested a genetic regu-
lation of the timing of puberty. Some pediatric endocrinol-
ogists believe that the pubertal pattern may be influenced by
familial trends, such that families with one member with
precocious puberty have a higher than normal probability of
having another. However, scientific support for this assump-
tion remains sparse. We found only a few published de-
scriptions of cases of familial central precocious puberty
(2-6) and only one study (3) of the prevalence of familial
cases in a series of 58 patients with central precocious
puberty.

In the present study, we sought to determine the mode of
inheritance of familial precocious puberty (FPP) in families
with central precocious puberty and to identify specific clin-
ical or laboratory features that distinguish familial from spo-
radic cases. We also calculated the prevalence of FPP at our
tertiary care center in a given period of time.

Patients and Methods
Patients

Of the 453 children evaluated in our clinic for precocious secondary
sexual development between January 1, 1997, and December 31, 2000,
156 were found to have idiopathic central precocious puberty. The rest
presented with precocious adrenarche (n = 101), early puberty (n = 89),
premature thelarche (n = 58), obesity associated with pseudothelarche

Abbreviations: BMI, Body mass index; FPP, familial precocious pu-
berty; SDS, sp score; SPP, sporadic precocious puberty.
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(n = 19), and other diagnoses (n = 26); four were lost to follow-up. The
diagnosis of precocious puberty was based on the presence of secondary
sexual characteristics before age 8 yr in females and 9 yr in males. In girls,
central precocious puberty was diagnosed on the basis of clinical char-
acteristics, including appearance of breast buds before 8 yr of age ac-
companied by the presence of one or more of the following findings:
menses, pubic hair, accelerated growth velocity, or bone age greater than
2 sp above chronological age. When the clinical picture was not obvious,
the patients were followed for at least 6 months before the diagnosis was
made. Adopted girls were excluded, as were girls with chronic disease,
bone dysplasia, organic brain disease, congenital adrenal hyperplasia or
other endocrinological abnormalities, and girls who had received radi-
ation therapy and/or chemotherapy.

Written informed consent was obtained from all families. The study
was approved by the institutional human research committee.

Methods

At the first visit, the pedigree was determined, detailing medical
illnesses and timing of puberty in family members. The parents com-
pleted a structured questionnaire including items on puberty in first-,
second-, and third-degree relatives, and they were asked to contact
directly the children’s grandparents, aunts, uncles, and cousins to de-
termine the age of puberty directly from them. We collected the data by
contacting the parents by phone. First-degree relatives were defined as
mother, father, brother(s), and sister(s); second-degree relatives as
grandparents, aunt(s), and uncle(s); and third-degree relatives as cous-
ins. Females were asked about age at appearance of breast buds and age
at menarche and males about age at onset of pubertal changes and age
at initiation of full-face shaving. Those who met the following criteria
were included in the study group of FPP: 1) presentation with gona-
dotropin-dependent central precocious puberty, as described above; and
2) at least one of the following: menarche at age 10 yr or earlier in a first-,
second-, or third-degree female relative; clinically documented preco-
cious puberty, as described above, in a first-, second-, or third-degree
relative; or full puberty, including full facial shaving, earlier than age 13
yr in a first-, second-, or third-degree male relative. [For Jewish males,
age 13 (bar mitzvah) is a significant and well-remembered milestone.]
Girls with idiopathic central precocious puberty without a family history
were considered to have sporadic precocious puberty (SPP).

All patients underwent clinical, biochemical, and bone age evaluation
on admission. Pubertal stage was determined according to Marshall and
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Tanner (7). Bone age was estimated according to Greulich and Pyle (8).
The hormonal evaluation included basal and GnRH-stimulated levels of
LH and FSH and basal levels of estradiol, all evaluated with standard
techniques in the endocrine laboratory of our hospital, as previously
reported (9). Height was calculated as height-sp score (SDS) for all girls
and for both of their parents, using the method of the Centers for Disease
Control and Prevention growth charts (10). Body weight was expressed
as body mass index (BMI; weight in kilograms/height in meters
squared), and the BMI-SDS was calculated according to the method of
Rosner et al. (11). Weight and height of both parents of each patient were
measured at our institute on admission.

In all cases, the proband was the last-born female case of precocious
puberty in the family.

Segregation analysis

Segregation analysis was performed to study the mode of inheritance
in the patients with FPP. To minimize inaccuracies due to recall bias in
third-generation relatives (grandparents), we used only two generations
for the segregation analysis. Relatives who claimed to have had early
puberty but had inaccurate recall and relatives who had early but not
precocious puberty (such as mothers with menarche at age 10.5 yr) were
marked in gray in the pedigree charts and were not considered as having
precocious puberty in the segregation analysis. Brothers under the age
of 9 yr and sisters under the age of 8 yr at the time of the family study
were excluded because they were too young to determine the presence
of precocious puberty. The segregation analysis was done twice, once
assuming complete ascertainment and once assuming incomplete as-
certainment using the single incomplete method (12). Each of the above
analyses was also done twice, once including young siblings as unaf-
fected and once excluding them. Owing to the female predominance, we
also performed a separate segregation analysis for females, using the
same method.

Penetrance was calculated using data obtained from three generations.

Statistical analysis

Statistical analysis was done with BMDP software (New System ver-
sion, Statistical Solutions, Cork, Ireland). The results are expressed as
mean * sp. Comparisons between and within groups were done with
ANOVA.

The girls with FPP and SPP were compared for maternal age at
menarche and mother’s final height; paternal age at first full shaving and
father’s final height; age at appearance of the first secondary sexual
signs; age, Tanner stage, bone age, and BMI at admission; and hormonal
profile. Within the FPP group, girls with one affected family member
were compared with girls with more than one affected family member.
Familial pedigrees were assigned as maternally inherited, paternally
inherited, both maternally and paternally inherited, or undetermined
according to the sex of the individual who transmitted the trait. The
latter subgroups were compared.

Results

The 156 children with true precocious puberty included
147 girls and nine boys; the female-to-male ratio was 16.3:1.
Forty-three children (27.5%) with true precocious puberty
met the criteria for FPP, including 42 girls and one boy. An
additional four patients with FPP were not admitted during
the study period and were therefore included only in the
segregation analysis and in characterization of familial cases.
The data of the 46 girls with FPP were compared with the
data of the 105 girls with SPP.

In two families of the sporadic group, consanguinity was
reported; in one family, parents were first cousins, and in the
other, they were remote cousins. No consanguinity was re-
ported in any of the familial cases.
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Characteristics of FPP

In 22 of the 46 girls (42 plus 4) with FPP (47.8%), a parent
was also affected (18 mothers and 4 fathers), and in 17 of the
37 FPP cases (45.9%) in which three-generation information
was available, a grandparent was also affected. Of the 46 girls
with FPP, 16 (34.8%) had one family member with precocious
puberty, 11 (23.9%) had two affected family members, 10
(21.7%) had three, four (8.7%) had four, three (6.5%) had five,
one (2.1%) had six, and one had seven (Fig. 1). Forty-three
(93.5%) patients had a first-degree relative with precocious
puberty, 27 (58.7%) patients had both first- and second-
degree relatives, and some also had third-degree relatives
with precocious puberty. In 16 cases (34.8%), the affected
relatives were of the same generation (siblings and cousins);
in 16 (34.8%) cases, relatives of two generations were af-
fected; in 12 cases (26.1%), three generations; and in two cases
(4.3%), four generations. In 33 cases (72%), the affected rel-
atives were exclusively females, and in 13 cases (28%), they
were of both sexes.

Precocious puberty was maternally inherited in 21 fami-
lies, paternally inherited in 10 families, both maternally and
paternally inherited in four families, and undetermined in 11.

Within the study group, there was no statistically signif-
icant difference for any of the parameters examined between
the children who had one family member with precocious
puberty and those who had more than one. Neither did we
find a statistically significant difference between girls in
whom inheritance was maternal and girls in whom inheri-
tance was paternal.

Comparison of the data between the FPP and SPP groups
is shown in Table 1. Information regarding maternal age at
menarche was available for all mothers in the familial group
and for 103 of 105 (98%) in the sporadic group; and infor-
mation regarding paternal age at shaving was available for
34 of 46 fathers (73.9%) in the familial group and 63 of 105
(60%) in the sporadic group. Height measurements were
available in all mothers in the familial group and in 104 of 105
mothers in the sporadic group; height measurements were
available in 42 of 46 fathers in the familial group and in 100
of 105 fathers in the sporadic group. Maternal age at men-
arche was significantly lower in the familial group than in the
sporadic group (mean, 11.47 = 1.96 yr vs. 12.66 + 1.18 yr; P <
0.001). This finding held true even when the mothers with
precocious puberty were excluded. However, the difference
was not statistically significant and could be due to higher
prevalence of mothers who had their menarche between the
ages of 10 and 11 yr in the familial group (25.8%), after the
above exclusion, compared with the sporadic group (9.7%;
P = 0.03) (Fig. 2).

At presentation, 26 of 46 patients (56.5%) in the FPP group
were in Tanner stage 2 compared with 82 of 105 (78.1%) in
the SPP group (P = 0.006) (Fig. 3); corresponding rates for
Tanner stage 3 were 32.6 and 20.9%, respectively. Two pa-
tients in the FPP group and one in the SPP group were in
Tanner stage 4 at admission, and three patients with FPP and
none in the SPP group were in Tanner stage 5. The between-
group difference in the number of patients presenting with
Tanner stage 4 or 5 was statistically significant (P = 0.003).

Paternal height was lower in the FPP than in the SPP group
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Fia. 1. Pedigrees of 46 girls with precocious puberty. Individuals with blackened symbols met criteria of precocious puberty. Gray symbols

denote early puberty. Brothers younger than 9 yr and sisters younger than 8 yr are marked with an asterisk. Individuals for whom information
regarding puberty was not available are indicated by a question mark.
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TABLE 1. Characteristics of girls with FPP and SPP

de Vries et al. ® Familial Precocious Puberty

Parameter FPP (n = 42) SPP (n = 105) P value
Maternal age at menarche (yr) 11.47 = 1.96 12.66 + 1.18 <0.001
Maternal height (cm) 158.7 £ 5.9 160.2 £ 5.8 0.22
Paternal height (cm) 170.58 = 7.6 1748 £ 7.6 0.004
Paternal age at full shaving (yr) 15.07 = 1.75 15.42 + 1.27 0.36
Age at appearance of disorder (yr) 69*+1.1 6.99 £ 1.1 0.85
Age at admission (yr) 7.88 = 1.22 7.72 = 1.27 0.50
Tanner stage at admission 2.54 = 0.90 2.16 + 0.46 0.001
Bone age to chronological age ratio 1.23 = 0.16 1.22 = 0.12 0.76
BMI at admission (kg/m?) 18.44 + 2.55 17.71 + 2.96 0.17
BMI-SDS at admission 0.88 = 0.81 0.65 = 0.97 0.20

FPP group (n=28) Control group (n=103)

8 (28.6%) . 10(9.7%)
@ 10-11 | _
o11-12
o>12
12 (42.8%) 8(286%) 54 (52.4%) 39 (37.9%)

A B

Fia. 2. Distribution of patients according to age at maternal men-
arche in the FPP group after exclusion of mothers with precocious
puberty (A) and the control group (B). A significant difference was
shown only for menarche at age 10-11 yr. P = 0.03

(mean, 170.58 = 7.6 vs. 174.84 = 7.6 cm; P = 0.004). This
difference was even more pronounced when the parents of
the 18 patients whose mothers had precocious puberty were
excluded (168.5 * 6.8 vs. 174.1 + 7.8 cm; P = 0.001). There
were no differences between FPP and SPP groups in BMI and
BMI-SDS at admission, basal and GnRH-stimulated gonad-
otropins, or estradiol levels.

Segregation analysis

Analysis of the siblings of the 46 probands in the FPP
group revealed a significant difference in the prevalence of
precocious puberty between the male and female siblings [9
of 51 (17.6%) vs. 29 of 52 (55.7%), respectively]. In 22 of the
46 probands (47.8%), one of the parents was also affected (18
mothers and 4 fathers).

Assuming incomplete penetrance, the segregation ratio for
precocious puberty was 0.38. After exclusion of young sib-
lings (brothers younger than 9 yr and sisters younger than 8
yr), the segregation ratio was 0.45. The segregation ratio for
females was 0.59 and rose to 0.69 after exclusion of young
sisters.

Assuming complete ascertainment, the segregation ratio
was 0.57 and rose to 0.65 after exclusion of the young siblings.

When we counted the number of affected offspring born
to an affected parent (18 mothers and 4 fathers) and an
unaffected spouse, we found 36 affected offspring, 19 unaf-
fected, and 12 young offspring. The 36:19 ratio is indeed
higher than the 1:1 ratio expected in an autosomal dominant
inheritance. Adding the young siblings as unaffected, we still
have a ratio of 36 affected to 31 unaffected (36:31), which is
slightly higher than the 1:1 ratio expected. To calculate pen-
etrance, we included all data obtained from three genera-
tions. Ninety-five individuals were found to be obligatory or
potential carriers. Of these, 24 were uninformative and there-
fore excluded. Forty-one of the remainder had precocious
puberty, yielding a 58% (41 of 71) penetrance rate. Penetrance

was different between genders: 42% in males and 73% in
females.

Discussion

The familial pattern of central precocious puberty in girls
noted in the present study suggests an autosomal dominant
inheritance. The possibility that precocious puberty might be
familial was raised in the past. However, most of the doc-
umented cases were males (13), with support provided later
by clinical and molecular studies of familial testotoxicosis
(14). In girls, some familial cases have been described (2-6),
although textbooks currently consider central precocious pu-
berty to be idiopathic, with no familial tendency toward early
maturation (15-19). On segregation analysis, the probability
for a sibling to develop precocious puberty was 0.38-0.65,
depending on the ascertainment method and the inclusion or
exclusion of young siblings. Because our ascertainment was
more incomplete than complete, we believe that the true
segregation ratio is closer to 0.45 than to 0.65, which is close
to the expected 0.50 ratio in autosomal dominant inheritance.
The segregation ratio was higher for females than males
owing to incomplete penetrance (or incomplete recognition
of precocious puberty) in males. Thus, our results suggest
autosomal dominant transmission of precocious puberty
with incomplete penetrance, especially in males. To mini-
mize inaccuracies due to recall bias in third-generation rel-
atives (grandparents), we used only two generations for seg-
regation analysis. However, in 22 of the 46 cases of FPP
(47.8%), a parent was also affected (18 mothers and 4 fathers),
and in 17 of the 37 familial cases in which three-generation
information was available, a grandparent was also affected.
This high prevalence among parents and grandparents sup-
ports an autosomal dominant inheritance. In familial pedi-
grees 7 and 18, the disorder seemed to be inherited from
father to son, which negates an X-linked dominant inheri-
tance in these cases. Thus, the familial cases in most pedi-
grees suggest an autosomal dominant inheritance with re-
duced penetrance. This, however, does not exclude genetic
heterogeneity of the disorder.

It is well established that central idiopathic precocious
puberty is 10 times more common in females than in males
(20). Normal puberty is also different between the sexes in
time of onset, pace, and order of events, as is the cyclic
pattern of GnRH and gonadotropin secretion. The strong
female preponderance of idiopathic precocious puberty may
indicate that the regulatory centers activating the hypotha-
lamic GnRH secretion are more susceptible to disturbances
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Fi1G. 3. Tanner stage at presentation of the FPP group (A)
and the control group (B); P = 0.006 for Tanner stage 2, P =
not significant (NS) for Tanner stage 3, P = 0.003 for com-
bined Tanner stages 4 and 5.

B Tanner2
@ Tanner3
O Tanner4
O TannerS

in girls than in boys. The reason for the striking sex difference
in the prevalence of idiopathic precocious puberty remains
to be elucidated, but it could explain the deviation from the
expected 50:50 ratio in autosomal dominant inheritance of
siblings affected and of parental side of inheritance. This sex
difference could also explain the difference in penetrance
between females (73%) and males (42%). We therefore sug-
gest that penetrance is sex-dependent.

The sporadic cases may represent another entity (e.g. ex-
posure to estrogen-containing substances not disclosed by
the medical history) or other modes of inheritance: autoso-
mal recessive, in which there is rarely a family history, or new
dominant mutations. This may be supported by the existence
of two families in the sporadic group for whom consanguin-
ity was reported. Our definition of familial cases was based
on the existence of more than one affected family member
either in the proband generation or in the pedigree.

The high female-to-male ratio in the SPP group (16.3:1) is
similar to that reported in the literature (10:1 in most series)
(21). However, the ratio tends to be higher in FPP, perhaps
indicating a delayed medical attention in boys with a familial
history.

We found a 27.5% frequency of FPP among patients di-
agnosed at our institute with central precocious puberty.
This rate is higher than expected on the basis of the 5.2% rate
of familial cases reported by Rohn and Rousonelos (3). The
discrepancy might be explained by the number of patients
studied (58 vs. 156 here), the methods used to evaluate the
patients, and the fact that patients referred to a tertiary center
might be a selective population. The percentage of familial
cases might actually be higher than 27.5% because some
patients defined as sporadic may have the genetic back-
ground but still do not meet the criteria of a familial case
because their sibling has not developed the pubertal changes
yet or because of incomplete penetrance.

Furthermore, the cutoff point of age 8 yr for precocious
puberty is arbitrary, and, in fact, there is little difference
between girls aged 7 yr and 10 months and girls aged 8 yr
and 1 month. Thus, by excluding patients with early pubertal
changes within the defined normal range, [including patients
with early fast puberty previously described by us (21, 22)],
we might have missed some familial cases. Precocious and
early puberty may represent a clinical spectrum of the same
trait of early activation of the pulse generator.

Because obesity is associated with earlier onset of puberty
(23) and is often familial (24), we calculated the BMI-SDS and
weight-SDS at admission. The BMI-SDS at admission was
similar in both groups and similar to the BMI-SDS in the
normal population (11), indicating that familial obesity was
not a causative factor in FPP.

The girls with FPP had more advanced puberty at pre-
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FPP group (n=46) Control group (n=105)

1(1.0%)

2 (4.4%) 3 (6.5%) 22 (20.9%)

2 (78.1%)

15 (32.6%) 26 (56.5%) B

A

sentation than the girls with SPP, suggesting delayed med-
ical attention for the former. This finding is surprising be-
cause all probands in the FPP group were the last-born
female cases of precocious puberty in each family. Therefore,
we assumed that the families were aware of the problem and
would have sought treatment earlier. Perhaps appearance of
pubertal signs at an early age was considered normal in a
family in which other members had pubertal signs at the
same age.

Data regarding age at pubertal changes for the parents’
generation was based on parental reports. Recalled infor-
mation has been found to be valuable because even decades
after the event, 75-90% of women remember their age of
menarche, and 50% of men remember the timing of their
pubertal growth spurt, within 1 yr (25-29). Information re-
garding age at menarche of grandmothers is probably less
accurate. Moreover, menarche before age 10 yr (girls) or
shaving before age 13 yr (boys) does not necessarily indicate
real precocious puberty. Unfortunately, no better tools for
obtaining this information are available today.

Fathers in the FPP group were on the average 4 cm shorter
than fathers in the SPP group; this difference was statistically
significant. This finding might represent a compromised fi-
nal height due to precocious or early puberty in some of the
fathers. We cannot prove this assumption, because some of
the details regarding puberty were missing for the fathers,
and others were not as accurate as those for the mothers.
Nevertheless, this is further supported by the increase in
paternal height difference when patients whose mothers had
precocious puberty were excluded. The increased height dif-
ference also supports our assumption of autosomal domi-
nant inheritance. In autosomal dominant inheritance, usually
only one parent is affected. Therefore, if families in which the
trait was inherited from the mother are excluded, compro-
mised final paternal height in the remaining families may
imply that the children probably inherited the FPP from their
fathers.

In conclusion, we suggest that familial central precocious
puberty is autosomal dominantly inherited with reduced,
sex-dependent penetrance. Larger, prospective studies are
needed to confirm our findings. Molecular analysis of fa-
milial cases may shed light on the physiological mechanisms
of puberty and contribute to the understanding of the patho-
genesis of precocious puberty.

Although our study does not reflect the prevalence of FPP
in the general population, the high prevalence of familial
cases in our tertiary care center suggests that when a child is
diagnosed with precocious puberty, a careful, detailed in-
quiry of the extended family regarding precocious puberty
should be sought. Parents should be notified of the possi-
bility of the disorder occurring in their other children, not
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only in familial cases, but even when no family history exists
because penetrance is reduced. Moreover, we recommend
close follow-up of growth and pubertal changes in the
younger siblings.
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