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e Being overweight or obese and having advanced growth were detected in half of
our patients.

e The risk of early puberty had higher serum DHEA-S levels, which were independent
of their weight.

o The most critical time for precocious puberty is the first 6 mo of the follow-up period.

Abstract. We aimed to determine the prevalence of early puberty in girls with premature pubarche and analyze
the time interval between their pubarche and succeeding thelarche. This study included 60 female children with
premature pubarche. We retrospectively collected clinical, laboratory, and radiological findings from all participants.
We investigated the time interval between pubarche and thelarche in cases wherein premature pubarche was followed
by thelarche. The mean age at onset of pubarche was 6.93+0.79 yr old. Among the participants, 16.7% were preterm,
20% were small for gestational age (SGA), and 55% were overweight or obese. The mean time interval between
pubarche and thelarche was 11.20 + 7.41 mo. The mean serum DHEA-S level was higher in the preterm group (p =
0.016), and DHEA-S levels were generally higher in the SGA group (p = 0.004). This study documented the presence
of being overweight or obese and having more advanced growth than their genetic potential in half of the patients
who had premature pubarche. In addition to these identified risk factors, obesity-independent DHEA-S levels were
observed to be higher in patients who had early puberty with the first six months of their follow-up considered to be
the most critical time in predicting early puberty.
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Introduction

Observing Tanner stage 2 pubertal findings in a girl
younger than 8 yr old is called “precocious puberty” (1).
This condition may have central or peripheral causes.
Regarding the timing of precocious puberty, pubertal
findings typically occur at the age range of 7.5-8.5 yr
old, which is indicated as “early puberty” or defined as
the “gray zone” (1). Premature pubarche is a subtype
of precocious puberty, and its risk factors are similar to
those of early puberty (1).

Typically, an increase in adrenal androgen
precursor levels between the ages of 5 and 8 yr old is
defined as adrenarche, a biochemical process without
any clinical signs (2). Normally, pubic and axillary
hair growth, which are the clinical signs of the adrenal
androgen effect, appear after the age of 8 yr old in girls
(2). The presence of androgenic signs such as pubic and
axillary hair before this age is defined as premature
pubarche and is diagnosed by excluding organic causes
of androgen excess, including congenital adrenal
hyperplasia androgen-producing tumors and exogenous
androgen exposure.

In recent years, many studies have shown
that etiological factors such as intrauterine growth
retardation (IUGR), small for gestational age (SGA),
and rapid weight gain in infancy increase the level of
dehydroepiandrosterone sulfate (DHEA-S), causing
premature pubarche (2, 3). Isolated premature pubarche
isregarded as a warning sign of intrauterine-programmed
metabolic syndrome rather than a normal and benign
variant condition. Additionally, pubarche may be a
precursor sign of polycystic ovary syndrome (PCOS)
especially in prepubertal girls with SGA, which may
accelerate the pubertal tempo, triggering gonadarche
and causing early menarche (2, 4).

In this study, we aimed to investigate whether
puberty occurs at a younger age in girls who present with
premature pubarche as well as the onset of thelarche
after pubarche; in doing so, we also aimed to investigate
any associations between premature pubarche and early
puberty. Additionally, we aimed to investigate which
of the risk factors of isolated premature pubarche are
considered to be most important in determining early
puberty. Thus, we aimed to determine the time interval
between premature pubarche and the succeeding
thelarche as well as early puberty risk factors.

Materials and Methods

This study was approved by the Ethics Committee
of Ankara University Faculty of Medicine, Ankara,
Turkey (Approval No. 12-807-18). Written consent was
obtained from all children and their parents who agreed
to participate in the study.

Participants in this study were girls who had
premature pubarche and girls who were diagnosed with
central precocious puberty (CPP) whose first pubertal
sign was pubarche; these participants were referred to

our outpatient clinic. The demographic, anthropometric,
laboratory, and imaging findings of the participants and
their pubertal findings during six monthly follow-up
consults were retrospectively reviewed.

Information about gestational age, birth weight,
maternal menarche age, and diagnosis of maternal
PCOS were collected using patient follow-up forms.
Those born before the gestational age of 37 wk were
defined as preterm. Additionally, SGA was defined
as having a birth weight or length more than two
standard deviations (SDs) below the mean.

Age at onset of pubarche, weight, height, height
standard deviation score (SDS), body mass index (BMI),
relative body mass index (RBMI), target height (TH),
and target height SDS were interpreted against national
reference data (5).

Serum LH, FSH, and DHEA-S levels were
measured using the immunochemiluminescence ICMA)
method via Access DXI 800 (Beckman Coulter®).
Serum estradiol levels were measured using the
electrochemiluminescence method via Modular E170
Immunological Analyzer system (Roche Diagnostics®),
and 17-hydroxyprogesterone (17-OHP) levels were
measured using the radioimmunoassay (RIA) method
(DIAsource ImmunoAssays®).

In studies of healthy Turkish children at Tanner 2
pubarche, serum concentrations of DHEA-S measuring
above 35 pg/dL and 17-OHP levels measuring below 2 ng/
mL were regarded as reference values and as biochemical
findings of adrenarche (6); considering these, DHEA-S
levels above 124 pg/dL were accepted as exaggerated
adrenarche (6). Patients with 17-OHP levels above 2 ng/
mL were evaluated as non-classical congenital adrenal
hyperplasia (NCCAH), and they were excluded from
our study. Those with basal LH levels > 0.3 TU/L by
ICMA and stimulated LH levels > 5 IU/L by ICMA upon
gonadotropin-releasing hormone (GnRH) stimulation
test were diagnosed with CPP (7).

The bone age (BA) of every patient was determined
based on an x-ray of the left wrist using the method of
Greulich and Pyle, and the predicted adult height (PAH)
was estimated using the Bayley and Pinneau method. It
is accepted that Abone age divided by Achronological age
(ABA/ACA) measuring > 1.2 is in favor of BA more than
+ 2 SD. The corrected height SDS for genetic potential
was calculated by subtracting the target height SDS
from the height SDS. A cut-off point of less than + 1 SDS
below the mean is used to identify whether a child is
growing appropriately at their genetic potential or not,
and a cut-off point of more than + 1 SDS above the mean
is used to classify whether a child is growing faster than
their genetic potential or not (8).

Statistical analysis

Statistical analysis was performed using SPSS® for
Windows version 11.5 (SPSS, Inc., Chicago, IL, USA). G
* Power 3.1 was used to analyze the statistical power.
Frequencies and percentages are presented as descriptive
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statistics for categorical variables. Quantitative data
were checked using the Shapiro-Wilk test. Mean + SD
values and median (minimum-maximum) were used
for continuous variables. Student’s ¢-test was used
to compare the average values of numeric outcomes
between the two groups. The Mann-Whitney U test
was used if there were doubts regarding the suitability
of using a ¢-test, most notably, if the distribution was
non-normal. The Chi-square and Fisher’s exact tests
were used for categorical modeling between the two
qualitative variables. Pearson correlation coefficient
was used to precisely measure the relationship between
the two variables. Statistical significance was defined
as p <0.05.

The mean age at onset of pubarche in our patients
was 6.93 £ 0.79 (4.5-7.9) yr old. Additionally, 16.7% of
them were preterm, the mean birth weight was 2,918
+ 644 g, the mean maternal menarche age was 12.98 +
1.23 yr old, and 15% percent of the cases had a history
of maternal PCOS. The mean bone age of our patients
was 8.24 + 1.36 yr old, and the mean ABA/ACA value
was 1.10+0.15.

Anthropometric evaluation showed that the mean
height SDS of our patients was 0.89+ 1.01. Additionally,
their mean RBMI was 112.49 + 19.39%, mean target
height was 161.60 + 4.77 cm, mean target height SDS
was —0.16+0.88, and mean genetic potential was 1.05+
0.94. Thirty-two patients (53.3%) showed more advanced
growth than their genetic potential, and bone age was
greater than + 2 SD in 26.7% of our patients. Despite the
advanced bone age of these patients, their target heights
remained compatible with their predicted final adult
heights. The mean serum DHEA-S level at admission
was 89.09 + 39.68 pg/dL, and the mean serum 17-OHP

level was 1.08 + 0.49 ng/mL.

When the term and preterm groups were compared,
mean serum DHEA-S level was higher in the preterm
group (p = 0.016) and DHEA-S levels were also higher
in the SGA group (p = 0.004) (Table 1). A significant
negative correlation was found between DHEA-S levels
and birth weight (r =—0.41, p =0.001).

During follow-up, thelarche followed pubarche
in 30 (50%) out of the 60 patients who presented with
premature pubarche;in 11 (36.6%) of these 30 patients,
thelarche occurred within the first six months of the
follow-up period. Among the 60 patients, eight (13.3%)
were diagnosed with CPP, and five (62.5%) out of
eight were diagnosed within the first six months of the
follow-up period. Nine out of the 60 patients (15%) who
presented with premature pubarche continued to have
isolated premature pubarche at the end of the 24-mo
follow-up period (Table 2).

In 30 patients, thelarche followed pubarche; the
mean decimal age of these patients was 7.75 + 0.84 yr
old. The mean time interval between their pubarche
and thelarche was 11.20 + 7.41 mo.

The comparison of related risk factors between the
patient groups is shown graphically in Fig. 1. Maternal
history of PCOS, SGA, and frequency of exaggerated
adrenarche were significantly higher in the group in
which thelarche followed pubarche within the first six
months of the follow-up period compared to the other
groups (p = 0.027). Being overweight or obese was seen
in the majority of cases across all groups. As expected,
more advanced growth in comparison to genetic potential
and accelerated BA were observed in the majority of
patients diagnosed with CPP.

Serum DHEA-S levels of patients in which
thelarche followed pubarche within the first six months
were significantly higher than those who had thelarche
six months after pubarche (p =0.027) (Table 3).

Table 1. Relationship between serum DHEA-S levels and patients characteristics

DHEA-S (ug/dL)

X + SD X (Min; Max) p-value
Gestational age Preterm 116.18 + 34.08 114.05 (62.00-164.00) 0.016 2
Term 83.56 + 38.74 77.70 (1.00-200.00)
Birth weight <2,500 119.43 + 30.74 113.80 (73.00—164.00) 0.004 2
> 2,500 82.13 + 38.44 77.05 (19.00—200.00)
RBMI (%) <110 92.37 + 38.08 92.20 (19.00-164.00) 0.656
110-120 80.74 +43.21 83.65 (22.00-158.00)
> 120 91.91 + 39.96 84.60 (47.00—200.00)
Maternal history of PCOS Negative 89.38 £ 41.65 87.30 (19.00—-200.00) 0.5772
Positive 87.43 + 28.09 80.70 (55.00-128.00)
ABA/ACA <12 90.05 +40.01 89.35 (19.00—-200.00) 0.753 2
>1.2 86.27 + 39.95 80.70 (22.00-164.00)

DHEA-S, dehydroepiandrosterone-sulphate; X, mean; X, median; SD, standard deviation; RBMI, relative
body mass index; PCOS, polycystic ovary syndrome; DBA/DCA, bone age/chronological age ratio. Level of
significance: p < 0.05. 2 Student’s ¢-test, P Kruskal-Wallis test.
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Table 2. Two-year follow-up results of patients with premature pubarche

0th mo 6th mo 12th mo 18th mo 24th mo
Only premature pubarche 60 43/60 (71.6%) 30/60 (50%) 19/60 (31.6%) 9/60 (15%)
Added thelarche 0 11/30 (36.6%) 8/30 (26.6%) 7/30 (23.3%) 4/30 (13.3%)
Total thelarche 0 11/60 (18.3%) 19/60 (31.6%) 26/60 (43.3%) 30/60 (50%)
Diagnosed as CPP 0 5/8 (62.5%) 2/8 (25%) 0 1/8 (12.5%)
Total CPP 0 5/60 (8.3%) 7/60 (11.6%) 7/60 (11.6%)  8/60 (13.3%)

CPP, central precocious puberty.

90.00%
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70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00% ..

0.00%

Preterm Maternal Overweight Rapid Grow Accelerated Exaggerated

History of or Obesity Bone Age  Adrenarche

PCOS
m All Cases B Added Thelarche B Added Thelarche <6 months HCPP

Fig. 1. Percentages of risk factors of all cases, including those that developed thelarche after pubarche,
that developed thelarche after pubarche within the first six months of the follow-up period, and
were diagnosed with CPP.

Table 3. Relationship between thelarche developing after pubarche within the first six months and after six months

Groups <6 mo (n=11) > 6 mo (n = 19)
_ - _ ~ p-value
Variables X +SD X (Min; Max) X+SD X (Min; Max)
Birth weight 2,730.00 + 666.27 3,030.00 3,096.32 + 606.20 3,200.00 0.135P
(1,700.00-3,650.00) (1,300.00-3,870.00)
RBMI 127.69 + 26.32 121.4 110.78 £16.27 1124 0.074 2
(94.52-16.40) (84.76-143.00)
Genetic potential 1.25+0.87 1.1 1.39+0.88 1.6 0.667 2
(—0.69-2.48) (-0.04-2.92)
ABA/ACA 1.20+0.18 1.2 1.14+0.13 1.14 0.264 2
(0.96-1.56) (0.90-1.45)
DHEA-S (ug/dL) 112.42 + 36.97 110.5 74.41+£43.73 71 0.027 2

(61.80-163.90) (19.20-199.90)

DHEA-S, dehydroepiandrosterone-sulphate; X, mean; X, median; SD, standard deviation; level of significance: p < 0.05;
RBMLI, relative body mass index; ABA/ACA, bone age/chronological age ratio.  Student’s ¢-test. P Mann-Whitney U test.

Puberty is a complex process involving
developmental changes regulated by multiple genetic
and environmental factors and hormonal mechanisms.
In the literature, precocious puberty has been indicated
as the onset of pubertal development in girls before the

age of 8 yr old (9-15). However, there continue to be
many debates about the age limit used for diagnosing
precocious puberty (12). Onset of pubarche before the
age of 8 yr old is considered an early finding, which
in most cases requires further evaluation. In line with
this, a study conducted with 820 girls aged between four
and 8 yr old in Turkey emphasized a similar pattern.
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Guran et al. reported that the prevalence of premature
pubarche was 4.3% (6).

Previous studies from various ethnicities have
demonstrated that onset of pubarche was between 6.5
and 7.5 yr old in girls with premature pubarche (11,
16-18). Agreeing with other studies, our results showed
that the mean age at onset of pubarche was 6.93 yr old
in 60 girls. Williams et al. found that the mean onset of
pubarche was 7.2 yr old in girls presenting with isolated
premature pubarche over a two-year follow-up period
(19). This observation is also in accordance with our
study.

The Barker hypothesis asserts that the intrauterine
environment of the fetus significantly contributes to
health problems during childhood. Intrauterine exposure
to nutrients, oxygen, or placental hormones has been
associated with chronic diseases. Children born SGA
experience higher rates of developing hypertension,
glucose intolerance, diabetes mellitus, and mortality
from cardiovascular disease (20). For the first time in
the literature, Persson et al. reported that intrauterine
exposure affected the onset of puberty. It was reported
that “girls born with SGA were five months earlier than
normal girls at puberty onset and menarche” (21). In the
following studies, preterm birth, SGA, and ITUGR were
accepted as predisposing factors for premature pubarche
(15, 22—-24). Santos-Silva et al. documented that the
mean birth weight was 2,945 g in Caucasian girls
diagnosed with premature pubarche (16). In contrast,
Oettingen et al. reported that the mean birth weight was
3.236 g in girls of various ethnicities; among these, 13%
were preterm (17). Charkaluk et al. showed that 18.7%
of girls presenting with premature pubarche had IUGR
(24). Similar to previous studies, we showed that the
mean birth weight of our participants was 2,918 g. About
16.7% of them were born at or before the 37th gestational
week. In our cohort, 20% of the cases presenting with
pubarche were born SGA, which is consistent with the
literature. Although intrauterine limited growth has
been implicated in premature adrenarche, it remains
controversial. More recent studies have focused on this
issue (18, 25).

Previous studies have suggested that being
overweight and obese causes premature activation
of the hormonal axis, initiating the onset of puberty
(18, 26-29). Atay et al. reported a more significant
increase in premature thelarche with an increase in
BMI compared with premature pubarche (24). Similarly,
Rosenfield et al. concluded that being overweight and
obese were respectively about 1.5 times and about
two times more common in girls with signs of earlier
pubertal development (29). In contrast, the rate of being
overweight or obese in Australian girls and boys who
were eventually diagnosed with premature pubarche
was 65%. This rate was reported to be 60% in Caucasian
girls diagnosed with premature pubarche (16, 18).
Charkaluk et al. documented that only 32.5% of the
participants were obese in French girls with premature
pubarche (23). Utriainen et al. found that the BMI of

Northern Europeans who were eventually diagnosed
with premature pubarche was significantly higher
at 114% versus 104% for girls with normal pubertal
prognosis (28). Similar to these prior studies, 55% of
the patients in our study who presented with pubarche
were overweight or obese. This finding further supports
the finding of previous studies that obesity triggers the
onset of puberty (1, 26, 28, 30-36).

In recent years, there has been an increase in
studies showing that food types, endocrine disruptors,
and chemicals may affect the onset and tempo of both
premature pubarche and precocious puberty (26, 37, 38).
However, due to the retrospective nature of our study,
these risk factors could not be evaluated.

As 1t 1s known, precocious puberty causes
accelerated growth, advanced BA, and early maturation.
Ferran et al. found that 20% of girls who were eventually
diagnosed with premature pubarche had advanced BA;
however, Oettigen et al. calculated the mean ABA/ACA
to be at 0.97 in girls followed up with pubarche (17, 32).
In our study, the mean ABA/ACA was 1.10. Our data also
showed that a BA of 26.7% of the patients was advanced.
This rate was at 22.2% in patients who remained in
isolated pubarche after two years. Seventy-five percent
of patients diagnosed with CPP and thelarche following
pubarche had advanced BA. Approximately 53.3% of
patients who presented with pubarche deviated from
their genetic potential and grew rapidly. Although
some studies have pointed out that shifting the onset of
puberty to an earlier time will cause a final height deficit,
this situation does not affect the final height in patients
with early puberty. However, their prepubertal growth
tempo may increase slightly. It is important to note that
this condition does not affect the onset and progression
of normal puberty (1, 4, 11). In fact, in our study, the
PAH of patients was compatible with their TH despite
their advanced BA; Erdeve et al. followed patients with
early puberty up to their final adult height and showed
that there was no loss of target height (39). Goktug et al.
observed that pubertal progression and final adult height
were not affected in patients diagnosed with premature
pubarche (37). Additionally, Santos-Silva et al. found
a positive correlation between BA advancement and
serum DHEA-S levels. They reported that overweight
or obese girls with premature pubarche have advanced
BA and higher androgen levels compared to premature
pubarche girls with normal BMI (16).

Previous studies have shown an increase in
the incidence of anovulation, functional ovarian
hyperandrogenism, and metabolic syndrome after
puberty in girls with premature pubarche. In particular,
metabolic syndrome can manifest before puberty;
Ibanez et al. reported that hyperinsulinism in girls
decreased SHBG and IGFBP-1 levels. It can also cause
PCOS in later periods by causing adrenal and ovarian
hyperandrogenism (25, 30, 31, 40, 41). Recently, a
diagnosis of PCOS is no longer possible by molecular
genetic analysis alone, but it has been shown to be
common in patients with a positive family history.
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Ferran et al. reported family history of PCOS in 9.6% of
their patients with their mean age of menarche at 12.2
yr old (32). In our study, 15% of the mothers of those
with premature pubarche had a history of PCOS, and
their maternal menarche ages were generally normal
with a mean age of 12.98 yr old.

In the literature, a serum DHEA-S level above 40
pg/dL is accepted as a sign of biochemical adrenarche,
and a serum level above 222 pg/dL has been accepted
as exaggerated adrenarche (2, 6, 9, 19). However, in
recent years, it has been emphasized that adrenarche
should more appropriately be interpreted based on age
and pubertal stage. Based on normal reference levels
in our country, DHEA-S reference values determined
based on standardized age, sex, and puberty stage were
used in our study. As such, we accepted DHEA-Slevels of
35124 pg/dL as normal adrenarche and levels above 124
png/dL as exaggerated adrenarche (6). Santos-Silva et al.
reported that the mean DHEA-S level was found at 102
pg/dLin girls with premature pubarche (16). Oettigen et
al. reported that the mean serum DHEA-S level of girls
with premature pubarche was 65.1 + 35.9 png/dL (26). In
our study, the mean serum DHEA-S level was 89.09 +
39.68 pg/dL. Among the participants, 69.5% had serum
DHEA-S levels considered to be biochemical adrenarche
in Turkish children based on pubertal stage and sex,
and the level was accepted as exaggerated adrenarche
in 20.3% of them.

Many case-control studies have documented that
children born SGA have higher androgen levels than
their peers born with appropriate sizes according to their
gestational age (41, 42). Our findings are in agreement
with those of previous studies; serum DHEA-S levels
were found to be significantly higher in those with a
history of SGA and prematurity. This finding supports
the hypothesized relationship between intrauterine
programming and early adrenal maturation.

Santos-Silva et al. reported obesity in 29% of
girls and 49% of boys in a study that included 82 girls
and 15 boys. Serum DHEA-S levels were found to be
significantly higher in overweight or obese patients
than in those with normal BMI (16). In our study,
no significant relationship was found between being
overweight or obese and DHEA-S levels. This may be
due to the sample size and the inclusion of only girls in
the study.

Pere et al. reported that the mean age of menarche
in Finnish girls with a diagnosis of premature
adrenarche was six months earlier compared to the
general population (43). Similarly, Ibanez et al. showed
that menarche was seen earlier in Catalan girls with a
diagnosis of premature adrenarche compared to the local
population. Menarche was three times more common
before the age of 12 yr old among those with SGA (15).
In another study, Ibanez et al. showed that puberty
started earlier and was completed faster in girls born

SGA and diagnosed with premature pubarche. Menarche
occurred approximately 810 mo earlier, and adult
height decreased by a mean of 6.5 cm (4).

In our study, it was observed that premature
thelarche followed in 30 of 60 patients with premature
pubarche after a two-year follow-up. Thelarche followed
pubarche in 11 (36.6%) of these patients within the first
six months. In the follow-up period, eight patients (13%)
were diagnosed with CPP, and five (62%) of them were
diagnosed within the first six months wherein treatment
was also initiated. In this context, it is crucial to know
that the first six months are the most critical time when
it comes to diagnosing CPP during follow-up consults of
patients diagnosed with premature pubarche.

DHEA-S levels were found to be significantly higher
in patients who had thelarche after pubarche within six
months compared to those whose thelarche followed
after six months. Similar to previous studies, our results
showed that serum DHEA-S levels were significantly
higher in patients with a history of [UGR and SGA. CPP
in patients with pubarche can be quickly diagnosed with
well-established prenatal and natal history and high
serum DHEA-S levels at admission.

Although the risk factors are well defined, the cause
of premature pubarche remains unknown. Premature
pubarche is considered an exaggerated variant of normal
adrenarche. The fact remains that the levels of serum
DHEA-S, which is the main hormone of adrenarche,
was higher in obese patients, and early puberty
seems to support this theoretical prediction. However,
adrenarche was not exaggerated in any of our patients.
This means that an elevated DHEA-S level is not the
only factor responsible for early puberty. Although our
study is based on retrospective data, the strength of
our study relies on the fact that patients with organic
hyperandrogenism were excluded.

Conclusion

In conclusion, being overweight or obese and
having advanced growth compared to genetic potential
were detected in half of our patients with premature
pubarche. In addition to these risks, those at risk of
early puberty had higher serum DHEA-S levels, which
were independent of their weight. We also noted that
the most critical time for detecting precocious puberty
is the first six months of the follow-up period.
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