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Abstract
Background: The prevalence of obesity in children is increasing. In obese children, clinical examination alone is not sufficient to differentiate lipomastia from thelarche. The aim of this study was to investigate the frequency of true thelarche in obese girls suspected
of precocious puberty.
Material and methods: In a cross-sectional study, 100 obese girls between the ages of 2 and 8 years were screened. Maturity stages
were determined based on the Tanner scale in the questionnaire. Breast ultrasound was performed for all cases. Other uterine and
ovarian laboratory tests, including blood tests to determine plasma levels of LH, FSH, oestradiol, and bone age, were also performed.
Results: In ultrasonography examination of 80 children (80%), one breast was pubertal and in 72 people both breasts were pubertal
in which ultrasonography of 78 children showed puberty of right breast and 74 children showed puberty of left breast. Twenty children showed bilateral lipomastia. In clinical examination, breasts of 18.9% children seemed lipoid, 35.8% children were seriously
suspicious, and 45.3% children seemed pubescent. In pelvic ultrasound, the relationship between ovarian volume and breast ultrasound grade was significant, but uterine volume was not significantly related to breast ultrasound grade. Also, uterine volume with
age at ultrasonography, bone age, birth height, left ovarian volume, right ovarian volume, right breast bud diameter, and left breast
bud diameter were correlated.
Conclusions: Ultrasound can help obese or overweight children to differentiate between true thelarche and lipomastia. The study
also found that most suspected children had true thelarche.
Key words:
precocious puberty, early thelarche, obesity, overweight, children, ultrasonography.

Introduction
Precocious puberty is the presence of secondary sexual
characteristics before the age of 8 years in girls and before the
age of 9 years in boys [1]. Precocious puberty can cause secondary sexual characteristics, aggressive behaviour, and, most
importantly, it can limit the final adult height [2-5]. Peripheral
precocious puberty or precocious pseudo puberty is caused
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by secretion of sex hormones without pituitary gonadotropin
stimulation [1]. Premature thelarche is breast development in
girls before 8 years of age without pubic hair growth [6]. One
parameter for diagnosis of complete or true precocious puberty with accelerated progress is advancement in bone age.
There is no bone age advancement in the slowly progressive
form of precocious puberty, and these patients usually reach
their potential height without any treatment [7]. De Vries et al.
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mentioned that there will be a normal final height in a girl with
premature thelarche and without any bone age advancement
and pubic hair growth. So, there is no need to treat in these
cases. If precocious pseudo puberty is not treated, patients
usually experience secondary central precocious puberty [8].
Obesity and puberty can increase the bone age. Many studies
show the association between obesity and puberty timing [911]. Chonchaiya et al. in 2008 performed a study on 62 obese
children at the age of 5-17 years (38 boys and 24 girls) and
showed that there is a positive relationship between obesity grading and bone age advancement [12]. This result is in
line with other studies [9, 13, 14]. However, no advanced bone
age and accelerated growth is observed in the early stages of
precocious puberty. In girls, development of breast bud and
forming the glandular tissue in the breast can be affected by
hormones and occur during puberty. Physiological changes include increased subcutaneous fat and connective tissue, the
proliferation of ducts and lengthening and terminal ductal lobular unit development [15]. The Tanner scale is widely used to
classify natural breast development in girls. This classification
is only an outward description of breast development regardless of other factors such as ultrasonic findings. Ultrasound examination is more accurate in assessing breast development
than the Tanner scale [1, 16]. Garcia et al. in 2000 described
ultrasonic features of normal breast development in every
stage of the Tanner scale. However, this study was only a descriptive report without any statistical analysis [7]. Calcaterra
et al. showed that breast volume increases with its ultrasonic
grading development. They also presented quantitative data
of the developing breast using ultrasound [17]. A few studies
focus on the relationship between ultrasound findings and hormonal status. Although evaluation of the breast bud diameter
and breast ultrasonic grading can be useful for puberty assessment, it has limited ability for differentiation between true precocious puberty and precocious pseudo puberty [15]. The aim
of this study is an evaluation of the true thelarche frequency in
obese girls who are suspicious of precocious puberty. Regarding the importance of this subject, precocious puberty effects
and since so far no similar study has been done we decided
to do this study in order to find a more affordable method, like
ultrasound, which is an available, valuable, safe, acceptable for
children, and non-aggressive diagnostic method. It can also
differentiate breast glandular tissue from adipose tissue, assess the pelvic organ puberty, and reduce our need for complicated biochemical diagnostic methods.

measured using a Harpenden Stadiometer and their weight by
SECA scales. BMI was calculated by using BMI formula (weight
[kg]/height [m] squared). Uterine and ovarian volume was calculated by this formula: length × width× thickness × 0.52. we
set up a questionnaire for collecting information such as age,
gender, reason for seeing the doctor, age of puberty in the family, history of precocious puberty in the family, history of specific
medications, history of central nervous system (CNS) problems
such as accident or head injury, and history of meningitis or
encephalitis. Puberty stage was determined on the basis of the
Tanner scale in the questionnaire, and breast ultrasound was
performed for all cases.
Other para clinical tests like determination of follicle-stimulating hormone (FSH), luteinizing hormone (LH), and oestradiol
plasma level were performed. Also, determination of bone age
was done; In case of thelarche confirmation or being puberty of
uterine and ovarian volume. In the pelvic ultrasound investigation, the following parameters were evaluated: the length and
width of the uterus, endometrial thickness, anterior-posterior
diameter of the fundus, the ratio of fundus diameter to cervix,
and uterine volume, and for the ovary: length, width, maximum
size of the biggest ovary, and ovarian volume. Breast staging in
the basis of clinical examination (Tanner scale) and ultrasound
were done as below (Table I) [7].

Material and methods
In a cross-sectional study, 108 obese girls with breast
enlargement at the age of 2-8 years, who attended a public
hospital in Iran during the years 2018-2019, were analysed.
Thelarche was determined on the basis of breast secondary
growth at the beginning of the girl's puberty and with 2 stiffness
just below the centre of the nipple unilaterally or bilaterally.
Height, weight, body mass index (BMI), and sexual maturity rating were recorded for cases. The children's height was
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Statement of ethical committee
All procedures performed in studies involving human participants were in accordance with the ethical standards of the
institutional and national research committee and with the 1964
Helsinki declaration and its later amendments.
Statistical analysis
Data were analysed by SPSS version 16.0 software. Demographic variables were described using central tendency, and
quantitative variables using dispersion and qualitative variables
using frequency distribution tables. The Mann-Whitney test was
used for comparison of quantitative data. The Pearson correlation coefficient was used for determination of the quantitative
data correlation coefficient with normal distribution, and the
Spearman correlation coefficient was used for non-normal distribution. P < 0.05 was considered significant.

Results
In our study, 108 obese or overweight girls suspected of
precocious puberty, who visited a public hospital in Iran in the
period 2018–2019 were analysed. Eight girls were removed
from the study because of lack of cooperation and sufficient
information. Of the remaining cases, 87 girls were obese
and 13 girls were overweight, with the average age of 6.97
±1.09 years. Their average bone age was 7.68 ±1.59 years
(range 3–11 years). The bone age was advanced in 37.9% of
the girls. Also, their average body mass index standard deviation score (BMI.SDS) was 2.67 ±1.14 (Table II).
In clinical examination, the breasts of 18.9% of children
seemed lipoid, 35.8% were seriously suspicious, and 45.3%
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Table I. Breast ultrasound grades with detailed characteristic findings compared with clinical Tanner stages
Grade

Tanner Stage

Ultrasound Grade

1

Elevation of papilla only

Prepubertal stage; ill-defined hyperechoic retroareolar tissue

2

Elevation of breast and papilla as a small
mound; enlargement of areola diameter

Palpable subareolar bud before elevation; hyperechoic retroareolar
nodule with central star-shaped or linear hypoechoic area

3

Further enlargement of breast and areola
with no separation of their contours

Obvious enlargement and elevation; extending hyperechoic
glandular tissue away from the retroareolar areas with central
spider-shaped hypoechoic region

4

Projection of areola and papilla to form
a secondary mound above the level of the
breast

Transient areolar mounding; hyperechoic periareolar fibroglandular
tissue with prominent central hypoechoic nodule and sometimes
subcutaneous adipose tissue

5

Projection of papilla only, due to recession
of the areola to the general contour of the
breast

Mature breast contour; hyperechoic glandular tissue with increased
subcutaneous fat tissue and without hypoechoic central nodule

seemed pubescent. In this study, breast ultrasound results
were divided into 5 grades, in which grade 2 and above was
considered as pubertal breast and children with lipomastia and
grade 1 ultrasound was considered as non-pubertal breast.
In ultrasonography of 80 children (80%), 58.8% were in
stage 2 and 41.3% was in stage 3. One breast was pubertal
in at least 80 people (20 children had lipomastia), and both
breasts were pubertal in 72 children (Table II). The average right
breast bud (9.61 ±5.91), left breast bud (9.19 ±5.91), uterine
volume average (1.55 ±1.57), the ratio of uterine length to cervical length (1.13 ±1.58), right ovarian volume average (1.12
±0.81), left ovarian volume average (1.06± 0.76), FSH average
(1.94 ±2.36), LH average (0.58 ±0.65), and oestradiol average
(20.09 ±24.74) are listed in Table II.
There is a significant correlation between chronological
age and bone age (r = 0.6, p < 0.001), BMI.SDS (r a –0.371,
p = 0.004), right breast ultrasound stage (rs = 0.253, p = 0.011),
left breast ultrasound stage (rs = 0.200, p = 0.046), right breast
bud diameter (r = 0.303, p = 0.015), left breast bud diameter
(r = 0.264, p =0.035), uterine volume (r = 0.263, p = 0.008),
right ovarian volume (r = 0.215, p = 0.032), and left ovarian
volume (r = 0.320, p = 0.001) (Table III).
Bone age also had a significant relationship with advanced
bone age (Eta = 0.646, p < 0.001), left breast bud diameter (r = 0.329, p = 0.022), right ovarian volume (r = 0.261,
p = 0.035), and left ovarian volume (r = 0.284, p = 0.021). Advanced bone age in addition to bone age also had a significant
relation to right breast ultrasound stage (Cramer’s V = 0.342,
p = 0.033).
There was a correlation between BMI.SDS and right breast
ultrasound stage (rs = –0.226, p = 0.041) and left ovarian volume (r = –0.235, p = 0.033). There was a significant relation
between clinical examination and right breast Tanner stage
(Cramer’s V = 0.718, p < 0.001) and left breast Tanner stage

(Cramer’s V = 0.335, p = 0.049), but none of variables were
correlated with Tanner stage of the left/right breast.
Right-breast ultrasound stage showed a relationship
with left-breast ultrasound stage (Kendall’s tau-b = 0.787,
p = 0.001), right-breast bud diameter (rs = 0.448, p < 0.01),
left-breast bud diameter (rs = 0.321, = 0.010), right ovarian volume (rs = 0.241, p = 0.016), and left ovarian volume
(rs = 0.250,, p = 0.012).
Left breast ultrasound stage showed a significant relationship with the right-breast bud diameter (rs = 0.476, p < 0.001),
left-breast bud diameter (rs = 0.606, p < 0.001), right ovarian volume (rs = 0.199, p = 0.047), and left ovarian volume
(rs = 0.215, p = 0.032). In terms of uterine and ovarian variables
there was no relationship in children with lipomastia and true
thelarche (p > 0.05).
Right breast bud diameter in addition to chronological
age and left/right breast ultrasound diameter showed a significant relationship with left-breast bud diameter (r = 0.726,
p < 0.001), uterine volume (r = 0.328, p = 0.008), the ratio of
uterine length to cervical length (r = 0.535, p < 0.001), left ovarian volume (r = 0.286, p = 0.022), and FSH level (r = 0.378,
p = 0.043).
Left-breast bud diameter, in addition to chronological age,
bone age, left/right breast ultrasound stage and right-breast
bud diameter, had a significant relationship with uterine volume
(r = 0.430, p < 0.001), the ratio of uterine length to cervical
length (r = 0.325, p = 0.009), left ovarian volume (r = 0.307,
p = 0.014), and FSH level (r = 0.400, p = 0.032).
Uterine volume, in addition to chronological age and right/
left-breast bud diameter, showed correlation with right ovarian
volume (r = 0.446, p < 0.001), left ovarian volume (r = 0.429,
p < 0.001), and FSH level, while the ratio of uterine length to
cervical length had a significant relationship only with right/leftbreast bud diameter.
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Table II. Descriptive characteristics of study cases in terms of demographic variables, clinical examination, ultrasonic,
and laboratory findings

Variable

Number

Grading

Frequency
(percentage)

average
±Standard
deviation

Age

100

–

–

6.97 ±1.09

Bone age

66

–

–

7.68 ±1.59

Advanced bone age

66

–

(37.9) 25

–

BMI.SDS

82

–

–

2.67 ±1.14

Clinical examination*

53

Lipoid
Highly
suspicious
pubertal

(18.9) 10
(35.8) 19

–

(45.3) 24

Tanner stage**

Right/left breast

80

2
3

(58.8) 47
(41.3) 33

–

Ultrasound stage

Right breast

100

1
2
3
4

(22.0) 22
(73.0)73
(2.0) 2
(2.0) 2

–

Left breast

100

1
2
3
4

(26.0) 26
(68.0) 68
(3.0) 3
(3.0) 3

–

Puberty of one breast

100

(80.0) 80

–

Puberty of both
breasts

100

(72.0) 72

–

right

64

–

5.58 ±9.61

left

64

–

5.91 ±9.19

uterine volume

100

–

1.57 ±1.55

The ratio of uterine
length to cervical
length

100

–

1.58 ±1.13

Right

100

–

0.81 ±1.12

left

100

–

0.76 ±1.06

FSH

39

–

1.94 ±2.36

LH

41

–

0.58 ±0.65

Oestradiol

41

–

20.09 ±24.74

Breast bud diameter*

Uterine ultrasound

Ovarian volume

*These variables were added during the study, so their number is lower.
**The number of people in this variable is lower than the number of ultrasounds due to the lack of cooperation of patients and defects in the file.
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Right ovarian volume, in addition to chronological age,
bone age, right/left breast ultrasound stage, and uterine volume, also showed a relationship with left ovarian volume
(r = 0.837, p < 0.001), while left ovarian volume had a significant relationship with all variables except advanced bone
age, right/left-breast Tanner volume, the ratio of uterine length
to cervical length, and laboratory findings.
FSH level, in addition to right/left breast bud diameter and
uterine volume, had a significant relationship with LH level
(r = 0.691, p < 0.001). LH level showed correlation only with
FSH level, and oestradiol level had no correlation with any variables (Table III).

Discussion
This study was done to evaluate the frequency of true thelarche in obese and overweight and 2–8-year-old girls who visited a public hospital in Iran in the years 2018 and 2019. Clinical
examination, laboratory findings, and bone age determination
have been used until now for the evaluation of precocious puberty, and ultrasound has not played a significant role. While
ultrasound can differentiate adipose tissue and breast glandular tissue, it can also play an important role in examining pelvic
organ maturity. In this study, we tried to show how ultrasound is
useful along with clinical examination, pelvic organ ultrasound,
and other methods.
One of the important results of our study is the high frequency of true thelarche in obese children, so that 80% of the
children had thelarche at least in 1 breast and 72% in 2 breasts.
Therefore, we can say that if an obese girl in precocious puberty age has prominent breasts, it is 80% likely that she has
thelarche unilaterally or bilaterally.
The younger the age, the more important it is to diagnose
precocious puberty. If precocious puberty begins before 6 years
old, it is usually progressive, effects final height, and should be
treated. In our study, there was no correlation between breast
ultrasound and clinical examination, which means that breast
enlargement resulting from obesity does not necessarily mean
true thelarche.
Calcaterra et al. in 2009 examined the use of breast ultrasound for precocious puberty diagnosis in 60 precocious
pubertal girls. They showed that the breast size more than
0.85 cm is associated with rapid progression of puberty and
uterus size more than 5 cm, LH peak more than 7, endometrial
echo in pelvic ultrasound, oestradiol level more than 50, and
bone age more than 2 standard deviations above chronological age are related to more rapid progression of puberty [17].
In our study, only 3 children had uterine volume more than
5 cm3. Two of them were treated with a diagnosis of rapidly
progressive precocious puberty and another one did not come
and did not cooperate with bone age determination.
Youn et al. in 2015 evaluated 68 girls under age 8 years;
11 of them had no symptoms of puberty, 32 had premature
thelarche symptoms, and 26 had precocious puberty symptoms. Breasts were evaluated by ultrasound. Laboratory tests
including LH, FSH, and oestradiol were done and chronologi-

cal and bone age were determined and compared with ultrasonic findings. In this study it was shown that breast ultrasound can help diagnose true thelarche. However, its use for
differentiation between true precocious puberty and premature thelarche is limited, and hormonal tests should be considered for better differentiation [15]. In our study, it was shown
that ultrasound can diagnose thelarche in obese and overweight children before clinical examination and Tanner scale;
therefore, it helps in earlier and faster diagnosis of precocious
puberty. Also In our study, obesity grading had no significant
relation with Tanner staging of puberty bilaterally, but it had
significant and inverse correlation with ultrasonic staging of
the right breast. Although it has and inverse relationship in
the left breast, it was not significant. On the other hand, high
grade of obesity did not cause higher staging of clinical examination. Younger children had higher BMI.SDS, but there
was no correlation between BMI.SDS and uterine and right
ovarian volume.
Zhou et al. in 2015 examined the effect of obesity in LH
peak by Gonadotropin-releasing hormone (GnRH) stimulation test in precocious pubertal girls. In this study, 60 children
were divided into 3 groups: normal weight (20 children), overweight (20 children), and obese (20 children). All the children
had similar chronological age, but the bone age of obese and
overweight children was more than that of normal children. BMI
level had a negative relationship with LH peak level (by GnRH
stimulation test and sex hormone binding globulin [SHBG])
but a positive relationship with neurokinin and leptin levels. In
ultrasonic examination of the pelvic organs, the relationship
between uterine volume, width, ovarian volume, and breast ultrasound grade was significant [18].
In our study, the laboratory examination LH average was
0.57, FSH average was 1.93, and oestradiol average was
20.09. LH and oestradiol have no significant relationship with
BMI, variables of the right breast, left breast, uterus, and ovary.
FSH level had correlation with LH level, uterine volume, and
right/left breast bud diameter but had no significant relationship with BMI, other variables of the right/left breast, and ovarian volume. In our study a GnRH stimulation test was not done
because it is not specific and was unnecessary.
In the review study of Giabicani et al. in 2013 it was shown
that LH basic concentration and LH peak concentration after
GnRH stimulation test and LH/FSH ratio has no conformity with
progress of clinical criteria of puberty [19]. Also in our study,
there was a correlation between FSH level and right/left breast
bud diameter and uterine volume, but there was no significant
relation between laboratory findings and precocious puberty
and thelarche variables.

Conclusions
We conclude that ultrasound can diagnose true thelarche
in obese or overweight children before clinical diagnoses using
the Tanner scale. It is also a non-aggressive and acceptable
method by families that can be used for an earlier, easier, and
more accurate diagnosis of thelarche and precocious puberty.
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LH

FSH

Left ovarian volume

Right ovarian volume

The ratio of uterine
length to cervical
length

Uterine volume

Left-breast bud
diameter

Right-breast bud
diameter

Lipomastia

Left-breast ultrasonic
grade

Right-breast
ultrasonic grade

Right/left-breast
Tanner stage

Clinical examination

BMI.SDS

Advanced bone age

Bone age

Age

Bone age

0.000

Advanced bone age

0.000

0.620

BMI.SDS
0.638

0.472

0.004

Clinical examination
0.600

0.087

0.780

0.496

Right/left-breast Tanner
stage
0.169

0.342

0.664

0.574

0.684

Right-breast ultrasonic
grade
0.644

0.089

0.041

0.033

0.600

0.011

Left-breast ultrasonic
grade
0.000

0.817

0.049

0.405

0.552

0.616

0.046

Lipomastia
0.000

0.000

0.313

0.044

0.639

0.239

0.797

0.076

Right-breast bud
diameter
–

0.000

0.000

0.304

0.988

0.249

0.924

0.257

0.015

Left breast bud
diameter
0.000

–

0.000

0.010

0.071

0.864

0.116

0.136

0.022

0.035

Uterine volume
0.000

0.008

0.530

0.059

0.244

0.170

0.852

0.087

0.899

0.072

0.008

Ratio of uterine length
to cervical length
0.255

0.009

0.000

0.052

0.487

0.917

0.190

0.817

0.118

0.207

0.058

0.595

Right ovarian volume
0.569

0.000

0.082

0.059

0.076

0.047

0.016

0.557

0.465

0.089

0.960

0.035

0.032

Left ovarian volume
0.000

0.233

0.000

0.014

0.022

0.146

0.032

0.012

0.992

0.985

0.033

0.983

0.021

0.001

FSH
0.578

0.236

0.980

0.005

0.032

0.043

0.172

0.772

0.322

0.372

0.719

0.357

0.620

0.987

0.858

0.000

0.530

0.852

0.348

0.191

0.927

0.764

0.946

0.803

0.813

0.613

0.353

0.750

0.412

0.338

0.542

LH

Age

28
0.159

0.234

0.792

0.625

0.772

0.525

0.607

0.934

0.434

0.191

0.813

0.863

0.555

0.873

0.423

0.474

0.837

Oestradiol

Table III. Evaluation of the relationship between demographic variables, clinical examination, ultrasonic, and laboratory findings. The data in the table show the
p-value
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