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Purpose: This study aimed to investigate associations of central obesity with sexual
maturation and metabolic parameters in Korean girls with precocious puberty.
Methods: This retrospective study evaluated data from 72 girls under 8 years of age
with a chief complaint of early breast development. The patients were categorized
as central precocious puberty (CPP) subjects or non-CPP subjects based on their
gonadotropin-releasing hormone stimulation test results. Visceral fat thickness (VFT)
was measured using ultrasonography and defined as the distance from the linea
alba to the aorta. Patient anthropometric, metabolic, and hormonal parameters
were also evaluated.

Results: Increased VFT was correlated with an earlier onset of thelarche among all
study subjects (r=-0.307, P=0.034). Overweight CPP subjects showed higher insulin
resistance than normal weight CPP subjects. Insulin resistance was not significantly
different between overweight and normal weight non-CPP subjects. VFT was
not significantly different between CPP and non-CPP subjects (2.22+0.79 cm vs.
2.74+1.47 cm, P=0.169). However, overweight and obese CPP subjects (body mass
index percentile>85%) had lower VFT than non-CPP obese subjects.

Conclusion: Central obesity, defined using ultrasonography-measured VFT, might
be associated with early pubertal development in Korean girls. However, VFT was
not higher in CPP than non-CPP patients and was not significantly correlated with
insulin resistance. Further longitudinal studies with a larger cohort are needed.
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Introduction

Childhood obesity has become a major public health issue, and the numbers of obese
children and adolescents continue to increase.” Obesity is now recognized as a disease because
growing evidence has revealed its associations with various metabolic complications.” In
addition, excess adiposity is known to influence multiple aspects of pubertal development,
such as the timing of pubertal initiation and pubertal hormonal parameters.” However, the
relationships between these factors remain somewhat inconsistent.

Previous studies have suggested that differences in adiposity distribution may exert
different effects on metabolic complications. For example, central obesity is associated with
visceral fat accumulation and is more commonly associated with impaired glucose and lipid
metabolism, compared to subcutaneous fat accumulation.” In addition, even among nonobese
individuals, visceral fat accumulation is correlated with glucose intolerance, dyslipidemia,
and hypertension.” However, few studies have evaluated the association between pubertal
development and visceral fat accumulation. Thus, the present study evaluated visceral
adiposity among Korean girls with early pubertal development, and its associations with their
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metabolic and hormonal parameters, in order to understand
the relationship between sexual maturation and obesity in the
context of precocious puberty.

Materials and methods

1. Study population and design

We retrospectively analyzed data from 128 girls who were
<8 years old and had visited the Yonsei University Gangnam
Severance Hospital between October 2013 and November
2016 for evaluation of early breast development (objective
breast budding that exceeded Tanner stage IT). The subjects had
undergone sonographic measurement of visceral fat thickness
(VFT) and subcutaneous fat thickness (SFT). We also reviewed
their gonadotropin-releasing hormone (GnRH) stimulation
test results and defined central precocious puberty (CPP) as
peak luteinizing hormone (LH) concentrations of =5 TU/L and
non-CPP as peak LH concentrations of <5 TU/L. We excluded
patients who underwent testing under nonfasting condition,
had underlying diseases that might interrupt normal pubertal
development, or had incomplete hormone test results. A total
of 54 patients were included in the CPP group and 18 patients
were included in the non-CPP group. This study's protocol was
approved by the Institutional Review Board of Yonsei University
Gangnam Severance Hospital (approval number: 3-2017-0178).

2. VFT and SFT measurements

Ultrasonography was performed to measure VFT and SFT
using a high-resolution ultrasonographic system (SA 9900,
Medison, Seoul, Korea). VFT was defined as the fat tissue
thickness between the linea alba and the aorta, while SFT was
defined as the fat tissue thickness between the skin-fat interface
and the linea alba.” Transverse scanning was performed to
measure the maximum VFT and SFT using 3.5 MHz and 7.5
MHz probes, respectively. Both parameters were measured at 1
cm above the umbilicus by the same pediatric radiologist.

3. Clinical and laboratory data

Height and weight were measured without shoes but with
light clothing, and the measurements were rounded up to
nearest 0.1 cm and 0.1 kg. We calculated the standard deviation
scores for height, weight, and body mass index (BMI) based
on the 2007 Korean National Growth Charts.” Patients with
BMI percentiles above the 85th percentile were labeled as
being overweight, and patients with BMI percentiles below the
85th percentile were labeled as having normal weight. Breast
development was assessed by a single pediatric endocrinologist
through visual inspection and palpation, and Tanner staging was
used to grade pubertal stage (ranging from grade I [prepubertal]
to grade V [adult]).”

Blood samples had been taken to analyze lipid profiles,
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serum glucose, insulin, insulin resistance index, and baseline
sex hormones (LH [TU/L], estradiol [pg/mL], sex hormone-
binding globulin, free estradiol index, and insulin-like growth
factor 1 [IGF-1]). The homeostasis model assessment-insulin
resistance (HOMA-IR) score was used as an indicator of insulin
resistance, and was calculated as (fasting plasma insulinxfasting
plasma glucose)/405.” Bone age was assessed using radiography
of the left hand. The patients' provided blood samples that were
obtained at 0, 30, 60, 90, and 120 minutes after an injection of
GnRH (100 pg of Relefact, Sanofi-Aventis, Paris, France), and
their levels of LH were subsequently measured."” A peak LH
level of 5 IU/L was used as the cutoff for identifying a pubertal
response.'”

4. Statistical analysis

All data were analyzed using IBM SPSS Statistics ver. 23.0
(IBM Co., Armonk, NY, USA). Associations between continuous
variables were evaluated using Pearson correlation coefficient.
Intergroup comparisons of nonparametric data sets were

Table 1. Comparison of anthropometric data, biochemical data,
visceral fat thickness, and subcutaneous fat thickness between
central precocious puberty and non-CPP group

Characteristic CPP (n=54) Non-CPP (n=18)  P-value
CA (yn) 8.27+0.63 8.29+0.61 0.896
BA (yr) 9.95+0.99 9.624+0.87 0213
BA-CA (yr) 1.67+0.83 1.324+0.66 0.102
Height SDS 1.07+0.86 1.07+0.94 0.993
Weight SDS 0.71£0.78 1.184+0.99 0.040
BMI SDS 0.27+0.90 1.00+1.17 0.008
Baseline LH (IU/L) 1.27+147 0.58+0.89 0.023
Peak LH (IU/L) 18.87+£14.56 3.19+1.13 <0.001
Estradiol (pg/mL) 16.78+21.12 8.06+7.78 0.001
SHBG (nmol/L) 89.82+37.45 69.08+45.32 0.058
DHEA-S (ug/dL) 49.93+34.45 46.02+29 0.683
FEI 21.40+27.6 17.96+21.48 0.498
Insulin (mU/L) 26.63+23.81 29.45+33.69 0.745
IGF-1 (ng/mL) 310.15£109.01 231.88+51.03  <0.001
HOMA-IR 6.61+5.98 9.23+17.23 0.337
Cholesterol (mg/dL) 165.39+28.32 168.33+29.20 0.706
HDL (mg/dL) 53.09+9.11 50.78+11.53 0.386
LDL (mg/dL) 89.16+23.56 98.16+26.95 0.181
Triglycerides (mg/dl) ~ 115.68+53.12 97.0+53.25 0.201
VFT(cm) 2.22+0.79 2.74+147 0.169
SFT(cm) 1.18+0.98 1.33+0.60 0.554
VFT:SFT 2.32+1.20 2.31+1.27 0.979

Values are presented as mean+standard deviation.

CPP, central precocious puberty; CA, chronological age; BA, bone
age; SDS, standard deviation score; BMI, body mass index; LH,
luteinizing hormone; SHBG, sexual hormone binding globulin;
DHEA-S, dehydroepiandrosterone sulfate; FEI, free estradiol index;
IGF-1, insulin-line growth factor 1; HOMA-IR, homeostatic model
assessment-insulin resistance; HDL, high-density lipoprotein;
LDL, low-density lipoprotein; VFT, visceral fat thickness; SFT,
subcutaneous fat thickness.
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performed using the Kruskal-Wallis test. Multiple regression
analysis was used to verify the associations between VFT,
SFT, BMI, and age at the onset of thelarche. Differences were
considered statistically significant at a P-value of <0.05.

Results

1. Baseline characteristics

The baseline characteristics of the CPP and non-CPP groups
are shown in Table 1. Among the 72 patients, 54 patients (75%)
were CPP and 18 patients (25%) were non-CPP. Compared to
the CPP group, the non-CPP group had significantly higher
weight SDS (0.71+0.78 vs. 1.18+0.09, P=0.04) and BMI SDS
(0.27£0.90 vs. 1.00+1.17, P=0.008). The CPP group had
significantly higher baseline levels of LH (1.27+1.47 TU/L vs.
0.58+0.89 TU/L, P=0.023), estradiol (16.78+21.12 pg/mL vs.
8.06+7.78 pg/mL, P=0.001), and IGF-1 (310.15+109.01 ng/mL
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vs. 231.88+51.03 ng/mL, P<0.001). There were no significant
differences between the two groups in their values for VFT
(2.2240.79 cm vs. 2.74+1.47 cm, P=0.169) and SFT (1.18+0.98
cm vs. 1.33+0.60 cm, P=0.554).

2. Comparing the CPP and non—CPP groups based on
BMI percentiles

The patients in the CPP and non-CPP groups were also
categorized into overweight and normal weight groups.
The overweight patients in the CPP group exhibited trends
towards higher values for the difference between bone age
and chronological age, baseline LH, peak LH, estradiol, free
estradiol index, insulin, IGF-1, and HOMA-IR (Table 2, Fig. 1).
Furthermore, overweight CPP group exhibited higher HOMA-
IR and IGF-1 compared normal weight CPP subjects; however,
non-CPP subjects did not show significant difference of
HOMA-IR and IGF-1 between overweight and normal weight

IGF-1

12 1 Estradiol

10 A

Fig. 1. VFT, IGF-1, HOMA-IR, and estradiol level among CPP and non-CPP groups categorized by BMI percentage.
Values are presented as median. (A) Significant difference (P=0.016) was shown between overweight CPP and
overweight non-CPP groups. (B) Significant difference (P<0.001) was shown between overweight CPP and
overweight non-CPP groups. (C) Significant difference (P=0.013) was shown between overweight CPP and non-
overweight CPP groups. (D) Significant difference (P=0.033) was shown between overweight CPP and overweight
non-CPP groups. VFT, visceral fat thickness; IGF-1, insulin-like growth factor-1; BMI, body mass index; HOMA-IR,
homeostatic model assessment-insulin resistance; CPP, central precocious puberty.
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Table 2. Comparison of multiple factors between CPP and non-CPP group after categorizing into overweight and nonoverweight group

according to BMI percentage

Characteristic BMI<85% BMI>85% Overall
Non—CPP (n=1 CPP (n=43) P-value Non-CPP (n=8) CPP (n=11) P-value P-value
CA(yn 5(0.7) 8 4(0.7) 0.204 8 3(1.7) 8.7(0.7) 0.351 0441
BA (yr) 5(1.0 51 ) 0479 5(2.0) 11 O (1.0) 0.075 0.075
BA-CA’ 0. 311 0.138 4(12) 5(1.0) 0.062 0.023
Weight SDS' 61(0.82) 0. 48 (0. 75) 0.828 3(1.04) 76 (0.95) 0.923 <0.001
BMISDS™ o 59 (1.44) 0. 07 (0.63) 0469 2 os (0.97) 1 67 (0.69) 0579 <0.001
Baseline LH (IU/L)’ 1(0.2) 6(1.2) <0.001 6 (0.5) 8(1.1) 0.778 0.001
Peak LH (IU/L) 2(23) 3(19.7) <0.001 6(2.3) 1(224) <0.001 0.001
Estradiol (pg/mL) 5(73) 5,0 (20.4) 0.620 0(0.1) 9 65 (42.1) 0.033 0.039
SHBG (nmol/L)"! 77 3 (73.1) 94.0 (48.9) 0.585 44 5 (21.5) 52.25(19.5) 0.026 0.001
FEI" 0(12.0) 6.37 (15.1) 0.682 12.13 (25.0) 24.63 (60.5) 0.788 0.033
Insulin (mU/L) 20 0(24.4) 15.3(31.3) 0.856 19.7 (52.3) 46.9 (47.5) 0.600 0.057
IGF-1 (ng/mL)* 245 (75.0) 268 (169.0) 0.119 235(89.0) 422 (111.0) <0.001 0.001
HOMA-IR" 4, 64 (6.49) 3.79(84) 0.838 495 (10.5) 12.2(10.9) 0.545 0.048
VFT (cm)” 1012 2.2(0.9) 0.964 33(1.1) 245(0.9) 0.016 0.011
SFT (cm)’ 8(1.0 0.9(0.4) 0.991 1.9(0.9) 1.53(0.9) 0.152 0.001
VFT.SFT 2.62 (2.37) 2.18(1.36) 0.964 20(1.3) 1.82(2.0) 0.778 0.876

Values are presented as median (interquartile range). Comparative analysis between groups was done with the Kruskal-Wallis test.

CPP, central precocious puberty; CA, chronologic age; BA, bone age; SDS, standard deviation score; BMI, body mass index; LH, luteinizing
hormone; SHBG, sex hormone binding globulin; FE, free estradiol index; IGF-1, insulin-like growth factor-1; HOMA-IR, homeostatic model
assessment-insulin resistance; VFT, visceral fat thickness; SFT, subcutaneous fat thickness.

'P<0.05, significant difference between non-overweight and overweight CPP groups. 'P<0.05, significant difference between

nonoverweight and overweight non-CPP group.

Table 3. Pearson correlation coefficients of multiple factors to
age at thelarche

Table 4. Multiple regression analysis of factors explaining the
age onset at thelarche

Age at onset of thelarche (n=72)

Age at thelarche (n=72)

Parameter r P-value Parameter Beta () SE (B) P-value VIF

VFT (cm) -0.307 0.009 VFT (cm) -0.310 -0.188 0.019 1.320
SFT (cm) -0.255 0.031 SFT (cm) -0.220 -0.151 0.074 1.159
BMI SDS -0.107 0.373 BMI'SDS 0.123 0.074 0.362 1418
Insulin (mU/L) 0.070 0.558 R’ of model=0.138.

HOMA-IR 0.099 0407 SE, standard error; VFT, visceral fat thickness; SFT, subcutaneous
Triglyceride (mg/dL) -0.028 0.814 fat thickness; BMI, body mass index standard score deviation;
Cholesterol (mg/dL) 20022 0855 SDS, standard deviation score.

HDL (mg/dL) 0.119 0.319

LDL (mg/dL) -0.060 0615 compared normal weight patients in the CPP and non-CPP

VFT, visceral fat thickness; SFT, subcutaneous fat thickness; BMI,
body mass index; SDS, standard deviation score; HOMA-IR,
homeostatic model assessment-insulin resistance; HDL, high-
density lipoprotein; LDL, low-density lipoprotein.

groups. Moreover, compared to the normal weight CPP group,
the overweight CPP group exhibited nonsignificantly higher
values for baseline and peak LH (Table 2). No differences were
observed when we compared the overweight and normal weight
patients in the non-CPP group.

The overweight patients in the CPP and non-CPP groups
exhibited trends towards higher VFT and SFT values, compared
to their normal weight counterparts. Overweight patients in
the non-CPP group had significantly higher VFT, compared
to overweight patients in the CPP group (3.3 cm vs. 2.45 cm,
P<0.05). No significant differences were observed when we
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groups (Table 2).

3. Relationship between age onset of thelarche and
adiposity parameters

Table 3 shows the Pearson correlation coefficients for
the relationships between age at the onset of thelarche and
multiple adiposity parameters. Age at the onset of thelarche was
negatively correlated with VFT (r=-0.307, P<0.05) and SFT (r=-
0.255, P<0.05). In addition, BMI SDS was negatively but non-
significantly correlated with age at the onset of thelarche (r=-
0.107, P=0.373). In the multiple linear regression analysis, only
VFT was independently associated with age at the onset of
thelarche (f=-0.310, P<0.05) (Table 4).
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Discussion

Previous studies regarding obesity and pubertal development
have demonstrated that greater BMI is associated with an
increased likelihood of early pubertal development.""”
However, the effect of fat distribution on pubertal development
remains unclear. Although there is an overlap between central
obesity measures and BMI-based obesity, measuring BMI does
not provide useful information regarding fat distribution."”
Pattern of fat distribution, rather than obesity, has been reported
as a more important factor for predicting metabolic and
cardiovascular morbidity and multiple methods have been used
for assessment.””’ By far, computed tomography is the most
accurate tool, but the risk of radiation exposure and relatively
high cost limits its routine use in clinics."” Other methods such
as skinfold thickness, waist circumference, waist-hip ratio are
also commonly used clinical tool for assessing pattern of fat
distribution. However, each of those methods is known for their
own limitations. Skinfold thickness has its limitation associated
with the caliper method and may pose difficulty in severely
obese subjects.'” Waist circumference and waist-hip ratio are
widely used in adults, but shows inconsistent correlation with
visceral fat in children.""” In contrast, ultrasound has shown to
be a reliable, convenient, and reproducible method for assessing
fat distribution according to previous studies in children."'*'""
Also, in girls with early puberty, ultrasonograhic evaluation
offers additional benefit of examining uterus and ovary in
evaluating the cause of early puberty. Therefore, we used
ultrasound for assessing the central obesity of girls with early
puberty.

Previous studies have attempted to clarify the effects of
central obesity on pubertal maturation, as Chen et al."”
found that increased central obesity, based on the waist-to-
height ratio, was associated with earlier breast development in
children aged 6-12 years. Mechanisms underlying the process
involves insulin resistance, hyperinsulinemia, and leptin.*”
Insulin resistance caused by obesity leads to compensatory
hyperinsulinemia which subsequently causes decrease in sex
hormone binding globulin and increased estrogen level.”” Also,
increased aromatization from excess adipose tissue results in
increased estrogen level””’ Moreover, increased leptin causes
central activation of GnRH and gonadotropin secretion and
direct stimulation of LH and FSH release.”*" However, leptin
alone may not be sufficient to initiate puberty, as Ahmed et
al.* reported that leptin administration did not consistently
advance puberty. Furthermore, Roemmich et al.” proposed
that insulin resistance may contribute to pubertal maturation by
interfering with leptin signaling, which could cause additional
weight gain and accelerated pubertal growth. Thus, to our
current knowledge obesity seems to have influence on pubertal
maturation.

In the present study of 72 girls, ultrasonographically
measured VFT showed good correlation with BMI (r=0.485).
Furthermore, VFT was positively correlated with earlier
thelarche onset, indicating that subjects with increased VFT had

Kim DW, et al. - Viceral fat thickness and precocious puberty in girls

earlier onset age of breast development. We further speculated
that increasing trend of VFT would be shown as pubertal
changes progress; however, our results have shown non-CPP
groups having thicker VFT than CPP groups, although not
statistically significant. The reason for such result is not clear
to us, but it can be explained by the fact that non-CPP group
had significantly higher BMI SDS compared to CPP subjects
(1.00+1.17 vs. 0.27+0.90, P=0.008). Considering the normal
physiologic weight gain during pubertal changes and earlier
studies that have found CPP patients having higher BMI
compared to early puberty patients,” our conflicting finding to
previous research may be due to small sample size which may
have created a sampling bias. Another possible explanation is
the effect of serum sex steroid concentrations that might have
affected on body fat distribution. Puberty normally begins
with gonadotropin-driven ovarian estrogen production and
estrogen levels progressively increases as the hypothalamic-
pituitary-gonadal axis matures. The amount of visceral fat is
thought to be modulated by the balance between estrogens and
androgens, and estrogens may contribute to decreasing visceral
fat accumulation by downregulating androgen receptors.””
In our study, CPP group had significantly higher estradiol
compared to non-CPP group, and high levels of estradiol in
CPP group may have had influence on lower VFT compared to
non-CPP group. De Ridder et al’s cross-sectional data stating
the high estrogen concentrations among early pubertal girls
correlating with lesser central fat verifies with our findings.”
Moreover, pubertal increases in sex steroid secretions can
stimulate growth hormone (GH) secretion, which protects
against increased visceral adiposity, as Roemmich et al.*” and
Bjorntorp™ found that GH treatment selectively reduces the
abdominal visceral fat of children with GH deficiency. Likewise,
CPP group in our study had significantly higher IGF-1 level
compared to non-CPP group, and the profoundly increased
IGF-1 may have had a role in protecting against gaining
visceral fat in CPP group. As pubertal maturation induces more
distinctive changes in hormones such as estradiol and IGF-1,
it is speculated that visceral fat gain may slow down due to the
hormonal effects. However, many other factors such as ethnicity,
genetic background, degree of physical activity, and metabolic
factors can affect visceral adiposity. Therefore, research with
larger sample is needed to examine the influence of changing
sex hormone concentrations on visceral adiposity.

In regard to metabolic parameters of the study subjects,
we revealed that overweight CPP subjects had the highest
insulin resistance among the 4 groups (normal weight CPP,
normal weight non-CPP, overweight CPP, and overweight
non-CPP). Previous cross-sectional and longitudinal studies
have reported that pubertal changes are related to increased
insulin resistance.”’ Moran et al.”” in their cross-sectional
study, stated that insulin resistance was highest in Tanner
stages IIT and IV, and it return to normal level as approaching
Tanner stage V. Also, in a longitudinal study by Ball et al.,””
similar result was found, demonstrating the increased insulin
resistance in midpuberty and recovery in the end of puberty.
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Furthermore, overweight children are more prone to insulin
resistance than normal weight children, and several studies have
stated that obese children do not recover insulin sensitivity
at the end of puberty.”” In our study, overweight CPP group
showed distinctively higher insulin resistance even compared
to overweight non-CPP group. Such finding verifies the
physiologic increase in insulin resistance during puberty and
negative effect of obesity in insulin resistance in children with
CPP.

Insulin resistance during pubertal maturation seems to be a
physiologic change. Mechanisms underlying such phenomenon
mainly involves GH and IGF-1 which is normally increased
during puberty.” Children who are treated with recombinant
GH for idiopathic short stature showed transient insulin
resistance during the course of treatment.” It is hypothesized
that GH is associated with changes of phosphoinositide-3
kinase, the rate limiting enzyme in the metabolic insulin
signaling pathway.* Thus, pubertal increase in GH is possible
cause of insulin resistance in CPP groups. Independently of
puberty, obesity itself is known for having negative impact
on insulin resistance by the complex mechanisms involving
leptin, inflammatory cytokines, and free fatty acids produced
by adipocytes.” Thus, obese children during pubertal change
are more insulin-resistant than lean children, as verified by our
study’s result.

There are several limitations and subjects for future improve-
ments in this study. First of all, present study's retrospective
design and small sample size (54 patients with CPP and 18
patients with non-CPP) can be associated with risks of selection
bias. Also, subjects in non-CPP group whose peak LH level was
near 5 IU/L may have a significant overlap with CPP group.
Therefore, stratifying the result of LHRH stimulation test and
comparing the groups of profoundly low and high peak LH
result may provide more significant result; however, we were
not able to do such analysis due to limited number of samples.
Moreover, the present study did not consider some factors that
may influence puberty and obesity, such as physical activity,
nutritional status, and leptin level in biochemical analysis.
Finally, the present study evaluated only the patients with
pubertal changes. For clearer results, ultrasound measurement
of central obesity, metabolic profiles, and hormonal parameters
of prepubertal children for comparison of pubertal children
is required. Nevertheless, this study has found usefulness of
ultrasound measurement of VFT and its correlation with early
breast development of girls. Future studies should include
large study samples through longitudinal study with additional
associated factors regarding precocious puberty.

In conclusion, among girls with early breast development,
ultrasonographically measured VFT was a useful index of
central obesity. Also, increased VFT was associated with early
breast development in girls. However, VFT was not higher in
subjects with CPP than non-CPP, and was not significantly
correlated with insulin resistance. Multiple mechanisms
may be involved in the association of central obesity with
hormonal changes in the pubertal state. Therefore, further
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large, longitudinal studies of children throughout their pubertal
transition or children with precocious puberty throughout the
courses of treatment are needed to clarify the relationship.

Conflict of interest

No potential conflict of interest relevant to this article was
reported.

References

1. Burt Solorzano CM, McCartney CR. Obesity and the
pubertal transition in girls and boys. Reproduction
2010;140:399-410.

2. World Health Organization. Obesity: preventing and
managing the global epidemic. Report of a WHO
consultation (WHO Technical Report Series 894). Geneva
(Switzerland): World Health Organization, 2000.

3. Golub MS, Collman GW, Foster PM, Kimmel CA, Rajpert-
De Meyts E, Reiter EO, et al. Public health implications of
altered puberty timing. Pediatrics 2008;121 Suppl 3:5218-
30.

4. Fujioka S, Matsuzawa Y, Tokunaga K, Tarui S. Contribution
of intra-abdominal fat accumulation to the impairment
of glucose and lipid metabolism in human obesity.
Metabolism 1987;36:54-9.

5. Matsuzawa Y, Shimomura I, Nakamura T, Keno Y, Kotani K,
Tokunaga K. Pathophysiology and pathogenesis of visceral
fat obesity. Obes Res 1995;3 Suppl 2:187S-94S.

6. Jung JH, Jung MK, Kim KE, Kwon AR, Chae HW, Yoon
CS, et al. Ultrasound measurement of pediatric visceral fat
thickness: correlations with metabolic and liver profiles.
Ann Pediatr Endocrinol Metab 2016;21:75-80.

7. Moon JS, Lee SY, Nam CM, Choi JM, Choe BK, Seo JW,
et al. 2007 Korean National Growth Charts: review of
developmental process and an outlook. Korean J Pediatr
2008;51:1-25.

8. Marshall WA, Tanner JM. Variations in pattern of pubertal
changes in girls. Arch Dis Child 1969;44:291-303.

9. Radikova Z. Assessment of insulin sensitivity/resistance in
epidemiological studies. Endocr Regul 2003;37:189-94.

10. Kim HK, Kee SJ, Seo JY, Yang EM, Chae HJ, Kim CJ.
Gonadotropin-releasing hormone stimulation test for
precocious puberty. Korean ] Lab Med 2011;31:244-9.

11. Atay Z, Turan S, Guran T, Furman A, Bereket A. The
prevalence and risk factors of premature thelarche
and pubarche in 4- to 8-year-old girls. Acta Paediatr
2012;101:€71-5.

12. Kaplowitz PB, Slora EJ, Wasserman RC, Pedlow SE,
Herman-Giddens ME. Earlier onset of puberty in girls:
relation to increased body mass index and race. Pediatrics
2001;108:347-53.

13. Rosenfield RL, Lipton RB, Drum ML. Thelarche, pubarche,
and menarche attainment in children with normal and



apem

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

elevated body mass index. Pediatrics 2009;123:84-8.
Daniels SR, Khoury PR, Morrison JA. Utility of different
measures of body fat distribution in children and
adolescents. Am ] Epidemiol 2000;152:1179-84.

Semiz S, Ozgoren E, Sabir N. Comparison of ultrasono-
graphic and anthropometric methods to assess body fat in
childhood obesity. Int ] Obes (Lond) 2007;31:53-8.

Sakuno T, Tomita LM, Tomita CM, Giuliano Ide C, Ibagy
A, Perin NM, ey al. Sonographic evaluation of visceral
and subcutaneous fat in obese children. Radiol Bras
2014;47:149-53.

Goran MI, Kaskoun M, Shuman WP. Intra-abdominal
adipose tissue in young children. Int ] Obes Relat Metab
Disord 1995;19:279-83.

Bazzocchi A, Filonzi G, Ponti E Sassi C, Salizzoni E, Battista
G, et al. Accuracy, reproducibility and repeatability of
ultrasonography in the assessment of abdominal adiposity.
Acad Radiol 2011;18:1133-43.

Chen C, Zhang Y, Sun W, Chen Y, Jiang Y, Song Y, et al.
Investigating the relationship between precocious puberty
and obesity: a cross-sectional study in Shanghai, China.
BMJ Open 2017;7:e014004.

Li W, Liu Q, Deng X, Chen Y, Liu S, Story M. Association
between obesity and puberty timing: a systematic review
and meta-analysis. Int ] Environ Res Public Health 2017;14.
Shalitin S, Phillip M. Role of obesity and leptin in the
pubertal process and pubertal growth--a review. Int ] Obes
Relat Metab Disord 2003;27:869-74.

Kaplowitz PB. Link between body fat and the timing of
puberty. Pediatrics 2008;121 Suppl 3:5208-17.
Martos-Moreno GA, Chowen JA, Argente J. Metabolic
signals in human puberty: effects of over and undernutri-
tion. Mol Cell Endocrinol 2010;324:70-81.

Ahmed ML, Ong KK, Dunger DB. Childhood obesity
and the timing of puberty. Trends Endocrinol Metab
2009;20:237-42.

Roemmich JN, Rogol AD. Role of leptin during childhood
growth and development. Endocrinol Metab Clin North
Am 1999;28:749-64.

Colmenares A, Gunczler P, Lanes R. Higher prevalence
of obesity and overweight without an adverse metabolic
profile in girls with central precocious puberty compared

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

Kim DW, et al. - Viceral fat thickness and precocious puberty in girls

to girls with early puberty, regardless of GnRH analogue
treatment. Int | Pediatr Endocrinol 2014;2014:5.

Brown LM, Clegg DJ. Central effects of estradiol in the
regulation of food intake, body weight, and adiposity. |
Steroid Biochem Mol Biol 2010;122):65-73.

De Ridder CM, Bruning PE, Zonderland ML, Thijssen JH,
Bonfrer JM, Blankenstein MA, et al. Body fat mass, body
fat distribution, and plasma hormones in early puberty in
females. ] Clin Endocrinol Metab 1990;70:888-93.
Roemmich JN, Clark PA, Mai V, Berr SS, Weltman
A, Veldhuis JD, et al. Alterations in growth and body
composition during puberty: III. Influence of maturation,
gender, body composition, fat distribution, aerobic fitness,
and energy expenditure on nocturnal growth hormone
release. ] Clin Endocrinol Metab 1998;83:1440-7.
Bjorntorp P. The regulation of adipose tissue distribution in
humans. Int ] Obes Relat Metab Disord 1996;20:291-302.
Moran A, Jacobs DR Jr, Steinberger ], Hong CP, Prineas R,
Luepker R, et al. Insulin resistance during puberty: results
from clamp studies in 357 children. Diabetes 1999;48:2039-
44.

Ball GD, Huang TT, Gower BA, Cruz ML, Shaibi GQ,
Weigensberg MJ, et al. Longitudinal changes in insulin
sensitivity, insulin secretion, and beta-cell function during
puberty. ] Pediatr 2006;148:16-22.

Kelsey MM, Zeitler PS. Insulin resistance of puberty. Curr
Diab Rep 2016;16:64.

Luna AM, Wilson DM, Wibbelsman CJ, Brown RC, Naga-
shima RJ, Hintz RL, et al. Somatomedins in adolescence:
a cross-sectional study of the effect of puberty on plasma
insulin-like growth factor I and II levels. ] Clin Endocrinol
Metab 1983;57:268-71.

Saenger P. Metabolic consequences of growth hormone
treatment in paediatric practice. Horm Res 2000;53 Suppl
1:60-9.

del Rincon JP, lida K, Gaylinn BD, McCurdy CE, Leitner JW,
Barbour LA, et al. Growth hormone regulation of p85alpha
expression and phosphoinositide 3-kinase activity in
adipose tissue: mechanism for growth hormone-mediated
insulin resistance. Diabetes 2007;56:1638-46.

Berryman DE, List EO. Growth hormone's effect on adipose
tissue: quality versus quantity. Int ] Mol Sci 2017;18:1621.

www.e-apem.org 87



