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Abstract: Objective: To evaluate the problem behaviors and intelligent quotation (IQ) in girls with idiopathic central 
precocious puberty (ICPP), and whether these are related to brain metabolic activity. Methods: Case-control study 
was adopted in the study. The study consisted of 42 ICPP girls and 41 healthy controls aged between 7-8 years 
old. All subjects were evaluated weight, height, and bone age. Brain metabolic products, N-acetylaspartate (NAA), 
choline-containing compounds (Cho), and combined creatine and phosphocreatine (Cr), were obtained through 
Proton magnetic resonance spectroscopy (1H-MRS) from the brain frontal cortex. Conners Parent Rating Scales 
(PSQ) and Wechsler Intelligence Scale for Children-Fourth Edition (WISC-IV) were used to evaluate the girls’ problem 
behaviors and IQ. Based on the above measures, we analyzed the correlation between problem behaviors, IQ and 
brain metabolic activity. Results: ICPP patients had significantly more advancement of bone age than the control 
(P=0.000). They had lower value of NAA/Cr and higher value of Cho/Cr compared to the control. But the difference 
was not significant (P>0.05). ICPP patients had more behavioral problems in psychosomatic problems, impulsivity-
hyperactivity, and hyperactivity index (P<0.05), and also had lower IQ of Processing Speed Index than the control 
(P<0.05). In correlation analysis, the psychosomatic problems and hyperactivity index were correlated with NAA/Cr 
(P<0.05), the others were no correlation. Conclusions: ICPP girls have more advancement of reproductive system 
and bone age, but their brain development is immature from 1H-MRS. They have more problem behaviors and lower 
IQ. Psychological supports should be given to these girls. 
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Introduction 

Idiopathic central precocious puberty (ICPP) is 
defined as the premature activation of the 
hypothalamic-pituitary-gonadal (HPG) axis, not 
related to intracranial pathology, with the onset 
of breast development before 8 yr of age in  
girls and an increase in testicular size in boys 
younger than 9 yr of age that is progressive  
and accompanied by advancement of skeletal 
age and accelerated linear growth [1, 2]. 
Accompanying with high sex hormone secretion 
and accelerated linear growth in ICPP girls, if 
they don’t have relatively mature brain develop-
ment, they might have more mental health 
problems.

Data from surveys of the general population 
have indicated that a higher proportion of early-
maturing adolescents display psychosocial 
problems (early sexual behavior, legal and ille-
gal substance use, and psychiatric problems), 
and at an earlier age, than adolescents matur-
ing within the normal age range or later [3, 4]. 
But the available data on adverse psychosocial 
outcomes that are specific to patients with ICPP 
is very little.

In this study, we used brain Proton magnetic 
resonance spectroscopy (1H-MRS) to evaluate 
brain metabolic activity in 42 ICPP girls and 41 
control girls. Conners Parent Rating Scales 
(PSQ) and Wechsler Intelligence Scale for 
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Children-Fourth Edition (WISC-IV) were used to 
evaluate the girls’ problem behaviors and intel-
ligent quotient (IQ). Based on these measures, 
we tried to find out if ICPP girls had more men-
tal health problems and whether these prob-
lems were related to brain metabolic activity. 

Methods

Study subjects

We recruited 42 girls with ICPP who were evalu-
ated at the Endocrinology Clinic of First and 
Second Affiliated Hospital of Anhui Medical 
University from January 1, 2013, to December 
31, 2014. All girls were aged between 7-8 years 
old and not treated. All patients were brought to 
the hospital because of breast development. 
The breast development course they com-
plained was not more than 3 months. All girls 
had to meet all of the following criteria [5, 6]: 1) 
LH peak greater than 5 IU/liter and peak LH/
FSH ratio greater than 0.6 after LHRH stimula-
tion test (immunochemiluminometric assay, 
100 mg/m2), 2) ovarian volume greater than 1 
mL and diameter of follicles greater than 4 mm, 
3) No evidence of hypothalamic-pituitary organ-
ic lesions at magnetic resonance imaging (MRI). 
All patients took abdominal ultrasonography to 
exclude adrenal disease. 41 healthy girls aged 
between 7-8 yr with no secondary sex charac-
teristics were recruited as control subjects, 
some of whom were the children who went to 
see the doctor for health checkup and some 
were pupils. Height and weight were measured 
in all 83 subjects, and body mass index (BMI, 
weight/height2) was calculated. All subjects 
took radiography of left hand and wrist for bone 
age determination. A reference atlas was used 
to evaluate the bone age. Bone age advance 
was calculated as the bone age (Skeletal age, 
SA) minus the chronological age (CA) that is 
SA-CA. The data of registered residence and 
family economic status were also collected. 
The study protocol was approved by the ethical 
review board of Anhui Medical University, and 
written consent was obtained from all parents. 

Evaluation of brain 1H-MRS 

Brain 1H-MRS was acquired from all subjects 
[7]. The Signa HDx 3.0T MRI scanner (GE 
Company, USA) was the scan used in this study 
and the scan data collected. 1H-MRS was 
acquired from the frontal cortex. Localization of 
the signal was performed using the stimulated 
echo acquisition mode (STEAM) sequence with 
a short TE and long TR (TE, 144 ms; TR, 2000 

ms). A single-voxel acquisition (voxel size, 
2×2×2 cm3; number of acquisitions, 256; acqui-
sition time, 390 s) was employed. Spectra data 
were auto-analyzed using the GE AWD 4.4 spe-
cial magnetic resonance post-processing work-
station-“Functool 2” software to automatically 
obtain the values of N-acetylaspartate (NAA), 
choline-containing compounds (Cho), and com-
bined creatine and phosphocreatine (Cr), and 
then calculate the ratios of NAA/Cr and Cho/Cr. 

Evaluation of problem behaviors and IQ

PSQ [8], a behavior rating scale which assess-
es six behavioral domains (conduct problems, 
learning problems, psychosomatic problems, 
impulsivity-hyperactivity, anxiety, hyperactivity 
index) in children/adolescents aged 3-16 years, 
was administered to the accompanying parent 
of each participant. The scale uses a 4-point 
Likert format (0= never, rarely; 1= sometimes; 
2= frequently; 3= very frequently and regularly), 
and has a total of 48 items which were divided 
into six domains. The score of every domain is 
the average score of all items included. We 
compared the score of each domain to the 
norm of PSQ in Chinese Children [9].        

Wechsler Intelligence Scale was used to test 
the intelligence [10]. All children completed the 
Chinese Wechsler Intelligence Scale for 
Children-Fourth Edition (C-WISC-IV) designed 
for 6-16 years old children. The WISC-IV has 
four indexes: Verbal Comprehension Index 
(VCI), Perceptual Reasoning Index (PRI), 
Working Memory Index (WMI), and Processing 
Speed Index (PSI). The WISC-IV has ten sub-
tests reflected the four indexes. VCI consists of 
Similarities, Vocabulary, and Comprehension. 
Picture Concepts, Block Design and Matrix 
Reasoning comprise PRI. WMI consists of Digit 
Span and Letter Number Sequencing. Coding 
and Symbol Search make up PSI. All four index-
es are included in the calculation of Full Scale 
intelligence quotient (FSIQ). The scores of four 
indexes and FSIQ are the sum of the ten sub-
test scaled scores converted to a standard 
score (M 100 and SD 15). We calculated the 
scores of four indexes and FSIQ according to CA 
in all children. 

Statistical analysis

Continuous data were described as means and 
standard deviations (mean ± s.d.); categorical 
variables were expressed as cases or percent-
age. Statistical analysis of data between group 
comparisons of categorical data parameters 
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correlated (P<0.05) with the psychosomatic 
problems and hyperactivity index, but not  
correlated with the other problem behaviors. 
The Cho/Cr value was also not correlated with 
any problem behavior. In correlation analysis 
between IQ and brain 1H-MRS, the values of 
NAA/Cr and Cho/Cr were no correlation with 
any value of four indexes of IQ and FSIQ.

Discussion 

In this study, besides advancement of repro-
ductive system, ICPP girls also had more 
advancement of bone age. But their brain 
development is immature from 1H-MRS. ICPP 
patients had more behavioral problems and 
lower IQ, but these problems were mainly not 
correlated with brain metabolic activity.

Puberty is a complex developmental process 
that begins in late childhood and is character-
ized by maturation of the HPG axis, the appear-
ance of secondary sexual characteristics, 
acceleration of growth, and ultimately the 
capacity for fertility [11]. The onset of puberty is 
usually marked by breast development in girls 
[12]. ICPP girls are usually tall for age, although 
their adult height might be less than target 
height. A study in Greece showed that height 

was performed by using the χ2 test, and com-
parisons of continuous data were analyzed by 
the nonparametric Mann-Whitney U test, 
because the data were not normally distribut-
ed. Correlations between problem behaviors, 
IQ and brain metabolic activities were estab-
lished based on the Spearman correlation. The 
level of significance was set at P<0.05. SPSS 
software (Statistical Package for the Social 
Sciences, version 17.0) was used for all statisti-
cal analyses.

Results 

Comparisons of brain 1H-MRS and basic char-
acteristics

There was no significant difference in age, 
height, weight, BMI, registered residence, and 
family economic status between ICPP and the 
control groups (Table 1). The bone age advance 
in ICPP group was significantly higher than that 
in the control (P<0.01). ICPP girls had lower 
value of NAA/Cr and higher value of Cho/Cr 
compared to the control. But the difference 
was not significant (P>0.05).

Results of problem behaviors and IQ

The scores of six behavioral domains of PSQ in 
ICPP group were higher than that in the control 

(Table 2). There was sig-
nificant difference bet- 
ween the two groups in 
psychosomatic problems, 
Impulsivity-hyperactivity, 
and hyperactivity index 
domains (P<0.05).

In the test of IQ, the  
scores of PRI, WMI, PSI, 
and FSIQ in the control 
were higher than that in 
ICPP patients (Table 2). 
But only the score of PSI 
had significant difference 
between the two groups 
(P=0.014).

Correlation analysis be-
tween problem behaviors, 
IQ and brain 1H-MRS 

In correlation analysis be- 
tween problem behaviors 
and brain 1H-MRS, The 
NAA/Cr value was highly 

Table 1. Descriptive Characteristics and 1H-MRS for the two groups
ICPP Control Z/χ2 value P value

n 42 41
Age (year) 7.58±0.26 7.65±0.28 -1.361 0.173
Height (cm) 128.11±5.41 129.54±5.07 -1.155 0.248
Weight (kg) 25.45±3.18 25.86±3.82 -0.055 0.956
BMI 15.70±1.57 15.37±1.73 -1.066 0.286
Bone age advance (month) 19.33±8.51 1.39±4.06 -6.650 0.000
Registered residence 0.423 0.809
    Rural 8 (19.0%) 10 (24.4%)
    Suburb 4 (9.5%) 3 (7.3%)
    Urban 30 (71.4%) 28 (68.3%)
Family economic status 2.543 0.280
    Above average 4 (9.5%) 4 (9.8%)
    Medium 34 (81.0%) 28 (68.3%)
    Lower average 4 (9.5%) 9 (22.0%)
1H-MRS
    NAA/Cr 2.04±0.18 2.06±0.08 -0.602 0.547
    Cho/Cr 1.26±0.20 1.25±0.16 -1.682 0.092
ICPP, idiopathic central precocious puberty; 1H-MRS, Proton magnetic resonance 
spectroscopy; BMI, body mass index; NAA, N-acetylaspartate; Cho, choline-containing 
compounds; Cr, combined creatine and phosphocreatine.
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standard deviation score of ICPP patients at 
diagnosis was significantly higher than the con-
trol [13]. Kim reported that weight and BMI 
were significantly higher in the ICPP group than 
in the control group [14]. In our study, ICPP 
patients had significantly advanced bone age 
compared with the control. But they didn’t have 
better developments of height and weight, this 
might be associated with the relatively short 
time (3 months) of breast development when 
we investigated, and might be also associated 
with the different race. 

1H-MRS is an in vivo probe of neurometabolism 
allowing assessment of several metabolites 
including NAA, Cho and Cr. The neurochemical 
abnormalities observed by MRS are associated 
with brain function. It can reflect the extent of 
brain maturation and damage. The decline of 
NAA and the rise of Cho might predict the rela-
tively immature brain development. The con-
tent of Cr is relatively stable in the brain. So it is 
often set as internal standard. In our study, 
ICPP girls had lower value of NAA/Cr and higher 
value of Cho/Cr compared to the control. It 
might reflect the immature brain development 
of ICPP girls, although the difference was not 
significant. To our knowledge, there are no 

reports using 1H-MRS to characterize the neu-
rometabolic effects in ICPP patients.

Some studies have reported that girls with early 
puberty experience more behavioral problems. 
Girls with early onset puberty without a diagno-
sis of precocious puberty, displayed higher lev-
els of self-reported criminality, substance use 
problems and early sexual behavior [4]. Suicide 
and self-harming behaviors are also more com-
mon in early menarche students than in on-
time and late menarche students [15]. In a 
study conducted on ICPP girls, patients were 
found to have considerably more externaliza-
tion problems and total behavioral problems 
[13]. Our study showed ICPP patients had more 
behavioral problems in psychosomatic prob-
lems, impulsivity-hyperactivity, and hyperactiv-
ity index than the control. These results are 
consistent with early reports.

Cognitive reserve has been proposed as an 
important etiologic factor in the development 
and severity of neuropsychiatric disorders. IQ, a 
marker of cognitive reserve, is inversely related 
to risk of total psychiatric illness. Lower cogni-
tive reserve, as reflected by childhood IQ, is an 
antecedent of several common psychiatric dis-
orders and also predicts persistence and 

Table 2. Comparison of behavior problems and IQ between two groups and correlation with 1H-MRS

ICPP Control
Mann-Whitney 

U test

Correlation 
analysis  
(NAA/Cr)

Correlation 
analysis  
(Cho/Cr)

Z P r P r P
n 42 41
Behavior problems (score)
    Conduct problems 0.52±0.26 0.45±0.30 -1.578 0.115 -0.007 0.953 -0.002 0.989
    Learning problems 0.81±0.60 0.73±0.59 -0.620 0.535 -0.122 0.271 -0.011 0.923
    Psychosomatic problems 0.34±0.41 0.12±0.22 -2.839 0.005 0.259 0.018 -0.017 0.880
    Impulsivity-hyperactivity 0.79±0.53 0.62±0.60 -1.998 0.046 -0.134 0.226 -0.022 0.840
    Anxiety 0.49±0.42 0.44±0.46 -0.683 0.495 -0.064 0.576 -0.058 0.613
    Hyperactivity index 0.65±0.32 0.56±0.42 -2.208 0.043 -0.234 0.036 -0.063 0.575
IQ (score)
    VCI 100.0±17.7 99.0±20.4 -0.524 0.600 0.137 0.215 0.103 0.356
    PRI 84.0±10.8 87.3±13.9 -1.224 0.221 0.009 0.936 0.136 0.220
    WMI 91.9±13.4 93.5±12.6 -0.603 0.546 -0.177 0.110 0.096 0.388
    PSI 81.9±12.2 89.0±12.7 -2.459 0.014 -0.066 0.553 0.048 0.669
    FSIQ 93.3±13.6 96.3±15.0 -0.989 0.323 -0.036 0.749 0.147 0.186
ICPP, idiopathic central precocious puberty; 1H-MRS, Proton magnetic resonance spectroscopy; NAA, N-acetylaspartate; Cho, 
choline-containing compounds; Cr, combined creatine and phosphocreatine; IQ, Intelligent Quotient; VCI, Verbal Comprehen-
sion Index; PRI, Perceptual Reasoning Index; WMI, Working Memory Index; PSI, Processing Speed Index; FSIQ, Full Scale IQ.
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comorbidity [16]. Our study showed ICPP 
patients had lower IQ of PSI. There are very few 
reports about cognitive function in ICPP 
patients. One study showed that girls with pre-
mature adrenarche might demonstrate lower 
IQ. On-time girls performed better on verbal, 
working memory, and visuospatial tasks than 
premature adrenarche girls [17]. While an early 
study found girls with precocious puberty had a 
significantly higher verbal IQ score than the 
control subjects but no difference was found in 
the performance score [18]. 

Campbell et al [19] studied the relationship 
between puberty and brain maturation. The 
decline in the slow wave electroencephalogram 
is a dramatic maturational change in brain 
electrophysiology. They found that the timing of 
the slow wave decline was significantly linked 
to timing of pubertal maturation. So they point 
the neuroendocrine events of puberty might be 
mechanistically linked to cortical maturation, 
and the two maturational processes are paral-
lel in human ontogenesis. Puberty should be 
accompanied by physical, psychological, and 
emotional changes adaption [20]. Due to early 
onset of secondary sex characteristics, ICPP 
patients might be easier to experience contra-
dictions of social and self acceptance. Early 
puberty and friends’ deviance may increase 
the risk of problem behavior in young adoles-
cent girls [3]. Sex steroids exert important orga-
nizational effects on brain structure. In girls, 
with the progression of puberty, gray matter 
development is in part directly associated with 
increased levels of estradiol. So estradiol may 
be implicated in neuronal changes in the cere-
bral cortex during this important period of brain 
development [21]. One recent study showed 
that advanced pubertal maturation is related 
to increased alcohol use in adolescent, and 
also they had higher levels of testosterone and 
estradiol. So the higher sex steroid levels might 
be one of the underlying mechanisms of this 
relation [22]. So the reason of ICPP girls with 
more behavioral problems and lower IQ might 
be associated with immature of the develop-
ment of nervous system, adaptation obstacle 
and sex hormones secretion in low age.   

We conclude that although ICPP girls have 
more advancement of reproductive system and 
bone age, their brain development is immature. 
They have more problem behaviors and lower 

IQ. Therefore, the early recognition, sufficient 
understanding, and communication about 
physical development that differ from the norm 
are required for patients, parents, and medical 
care providers. Furthermore, Psychological 
supports should be given to these girls. 
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