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Abstract

Objectives: This study’s primary objective was to estimate the impact of CPP on psychosocial aspects in the
cohort children and secondarily to assess if there was a change in these aspects after treatment with GnRH
analogues.

Methods: A case-control study was enrolled 30 CPP children compared to 30 normal controls. The CPP group
was assessed with emphasis on anthropometric measurements, Tanner staging for pubertal changes. The hormonal
profile included gonadotropins, estradiol or testosterone, and GnRH stimulation test. The instruments used for
neuropsychological assessment included the Arabic version of the pediatric quality of life inventory TM 4.0
(PedsQLTM), the Child Behavior Checklist (CBCL), and 1Q testing.

Results: The study group ages were documented with a mean of 5.13 + 2.34 years compared to 5.21 £ 2.25 years
in controls and 29 patients and 29 controls (96.7%) were females. CPP children had significantly lower scores
than controls in health-related quality of life domains except school functioning without significant changes in
CBCL scores and cognitive function. There was a statistically significant improvement in these scores after they
were treated with GnRH analogues for a year.

Conclusions: There are significant aberrations in CPP children’s quality of life with no effect on behavior or
cognition. After treatment with GnRHa for a year, quality of life and CBCL-T scores showed significant
improvement.
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Introduction

Puberty is a complex coordinated developmental stage characterized by changes in child’s body transforming it
into an adult body with secondary sexual characteristics, reproductive capacity, gonadal maturation, and somatic
growth.® The exact onset of puberty depends on the central effect of the hypothalamic-pituitary-gonadal (HPG)
axis and gonadotropin-releasing hormone (GnRH) pulse generator through multiple excitatory and inhibitory
neuromodulators.*® Currently, there is a noticeable worldwide trend for earlier onset of puberty due to genetic
factors, environmental factors, obesity, and endocrine disruptors that may lead to earlier releases of GnRH."8
Precocious puberty (PP) is characterized by pubertal changes occurring before the age of 8 years in females and
9 years in males.®® Central precocious puberty (CPP), as one of the etiologies of PP, is caused by early activation
of the HPG axis either due to organic cause or idiopathic. Thus, secondary sexual characteristics follow the
chronological sequence of normal puberty.”®

Puberty is universally considered to be a stressful experience.” Some research studies suggest that precocious
puberty may result in psychosocial and behavioral problems in children including anxiety, depression,



psychological stress, social withdrawal, and sleep problems, with a negative impact on their quality of life.2%12
However, others have mentioned normal behavior and psychosocial function in that cohort of children.® The
psychological consequences in girls with PP may be worse than those who mature in a normal age due to
difficulties in coping with the psychological and physical changes that occur rapidly and prematurely outside the
normal expected time.” Associated body changes in addition to hormonal changes would cause the child to suffer
from feelings of lower self-esteem and insecurity regarding their body image.**> Moreover, medical assessment
including physical examination and treatment of children with CPP might cause fear and shame and have negative
effects on their psychological wellbeing.

Treatment with GnRH analogues (GnRHa) influences the psychosocial functioning of children with CPP by
blocking sex hormone production to delay pubertal development. Moreover, GnRHa can affect cognitive
functioning through its receptors found in brain areas unrelated to puberty.’* Studies have reported a varied
prevalence of behavioral problems in children with CPP. Furthermore, some research studies have been trying to
discuss the psychological functioning in children with CPP treated with GnRHa. Some of them suggested that
some of their psychological problems showed improvement after treatment. However, others showed that GnRHa
did not affect psychological functioning.1%7 So, it remains unclear if psychological distress should be considered
as an expected consequence of precocious puberty supporting the decision to start treatment with GnRHa and
whether the treatment could improve such stress. Thus, this study’s objective was to estimate the impact of central
precocious puberty on the behavior, psychosocial aspects, and quality of life in these patients and to assess if there
was a change in these aspects after treatment as data on these aspects are limited in the literature.

Methods

A case-control study included 30 CPP children following up in the Endocrinology clinic of Alexandria University
Children’s Hospital (AUCH) in comparison to 30 healthy control matching in age and sex from outpatient clinics
in AUCH. This sample size achieved 80% power to determine a difference of (6) in psychological aspects in terms
of anxiety scores between group 1 (41.20+6.63) and group 2 (25.38%4.12). This procedure used a two-sided
independent samples t-test with a significance level of 0.05.18 Children with CPP were selected according to their
established criteria including the onset of pubertal changes at an age less than 8 years in girls and 9 years in boys
with bone age exceeding the chronological age, a peak luteinizing hormone (LH) level of 5 IU/L or higher in the
GnRH stimulation test.® Excluded patients were patients with known other endocrinal or chronic diseases
affecting cognitive or behavioral function, patients with known neurological or psychiatric disorders including
epilepsy, childhood depression, learning difficulties, or autistic spectrum disorders, and children taking drugs that
may affect the psychological aspects or the cognitive function. The study was started after the Medical Ethics
Committee of Alexandria Faculty of Medicine approval with no (0106781). Informed consents were obtained
from the parents of these children.

The CPP group was assessed with emphasis on history including age, and sex, age at the onset of pubertal
changes, presenting symptoms and signs, family history of precocious puberty, medical history of previous CNS
disease, and drug history including exposure to sex steroids. Full clinical examination was done with special
emphasis on anthropometric measurements including weight, height, and body mass index (BMI), and their
standard deviation (SD) scores were assessed by using (CDC) 2000 growth reference.?° Physical changes of
puberty were assessed at the onset and their sequence and staged by Tanner sexual maturity rating.?* Hormonal
assay included basal LH, basal follicular stimulating hormone (FSH), and Sex steroids levels (estradiol and
testosterone), and Peak LH and FSH after GnRH stimulation test. Gonadotropin levels were estimated using
immunochemiluminescent assay (ICMA) technique.?? In GnRH stimulation test, blood samples for LH and FSH
were collected at 0, 30 and 45 minutes after intramuscular injection of 100 Mcg of GnRHa (triptorelin). Basal LH
level > 0.3 IU/L and stimulated LH level >5 1U/ L were used to detect the activation of HPG axis.? The pubertal
cutoff for basal testosterone was >25 ng/dL and for basal estradiol >20 pg/ml.Z

Imaging studies were done for all patients including bone age assessment by taking radiographs of the left
wrist and hand then BA was assessed using the Greulich-Pyle (GP) atlas.?* A pelvic ultrasound assessed the
changes in uterus and ovaries and their dimensions. The brain MRI was done to detect any possible CNS
pathology. All CPP patients received subcutaneous Goserelin 3.6 mg prefilled syringe every 28 days.

The following instruments for neuropsychological assessment were used for both groups. First, the translated
version of pediatric quality of life inventory TM 4.0 (PedsQLTM) generic core scale was done to evaluate the
disease and treatment effect on pediatric patients’ health-related quality of life (HRQoL) during the preceding
month.?52¢ The report forms included A) Parent report form for toddlers (ages 2-4) was composed of 21 items in
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4 aspects: physical functioning 8 items; emotional functioning 5 items; social functioning 5 items; and school
functioning 3 items. B) Gaurdians report form for children (ages 5-12) consisted of 23 items in the same 4 aspects
and items except school functioning containing 5 items. Each item assessed the frequency of problems: 0 (never),
1 (almost never), 2 (sometimes), 3 (often), and 4 (almost). Then, items were linearly transformed to a 0—100 scale
(0=100, 1=75, 2=50, 3=25, 4=0). Thus, higher scores mean better quality of life. The Total Score was a summation
of all items divided by the number of items. Second, the Child Behavior Checklist (CBCL) was used to assess
child behavioral, and emotional problems.?” The parent report forms of the CBCL included A) CBCL for Ages 6
— 18 years rating childhood behavior on three categories (total problems, internalizing problems, and externalizing
problems) and eight subcategories (withdrawn, somatic complaints, anxious/depressed, social problems, thought
problems, attention problems, delinquent behavior, and aggressive behavior). The first three subcategories were
added up to the internalizing problems category and the last two to the externalizing problems category.?”?® B)
CBCL for Ages 1 % - 5 years rating childhood behavior on three main categories (total problems, internalizing
problems, and externalizing problems) and seven subcategories (withdrawn, somatic complaints,
anxious/depressed, emotionally reactive, sleep problems, aggressive behavior, and attention problems). The first
four subcategories were added up to the internalizing problems category and the last two to the externalizing
problems.? There was an "Other Problems", which listed specific problems that may be of clinical interest based
on individual questions (ex. Overeating, sleep problems). Finally, the overall Total Problems scale score consisted
of all items.?” Third, 1Q testing was assessed by a translated Arabic version of the Stanford-Binet Intelligence
Scale 4th edition (SBIS) for neurocognitive evaluation.®® These three tests will be done again after one year for
re-evaluation.

Data were fed to the computer and analyzed using IBM SPSS software package version 20.0. (Armonk, NY':
IBM Corp). Qualitative data were described using numbers and percent. The Shapiro-Wilk test was used for the
normality of distribution. Quantitative data were described using range (minimum and maximum), mean, standard
deviation, median and interquartile range (IQR). The significance of the obtained results was judged at the 5%
level. The tests included Chi-square test for categorical variables in comparison, Fisher’s Exact or Monte Carlo
correction for chi-square when more than 20% of the cells have expected count less than 5, Student t-test for
normally distributed quantitative variables to compare between two studied groups, Mann Whitney test for not
normally distributed quantitative variables to compare between two groups, and Friedman test in not normally
distributed quantitative variables to compare between more than two periods, and Post Hoc Test (Dunn's) for
pairwise comparisons.

Results

The demographic data of 30 patients and 30 controls are summarized in Table 1. While assessing the presenting
symptoms in patients group, the commonest presentation was isolated thelarche in 15 patients (50%). The male
patient had increased penile length and pubic hair growth. The mean age of the study groups was 5.13 + 2.34
years compared to 5.21 + 2.25 years in controls. 29 patients and 29 controls (96.7%) were females simulating
epidemiologic characteristics of CPP. The mean Height (SD) was higher in the case group. The age at onset of
pubertal symptoms ranged from 1.0 — 9.50 years with a mean of 4.29 + 2.53 years. The 9.5-year-old patient had
menarche, so she was included in the study.

Table 1: Demographic characteristics of patients and controls.

Cases (n =30) Control (n = 30) Test of Sig. p-value

No. % No. %

Sex

Male 1 33 1 33

Female 29 967 29 96.7 x2=0.00 FEp=1.000
Presenting symptoms

Isolated thelarche 15 50.0

Thelarche and adrenarche 8 26.7

Thelarche, 6 20.0

adrenarche,Menarche

Increased penile length, 1 33

adrenarche
Age (years)



Mean + SD. 5.13+2.34 521+£2.25 t=0.143 0.887

Height (cm)

Mean =+ SD. 1149+ 19.78  108.2+ 1542 t=1.459 0.150
Height (SD)

Mean = SD. 1.18 £ 1.27 -0.21 £0.80 t=5.083* <0.001*
Weight (kg)

Mean =+ SD. 24.0+12.71 19.42+6.71 U=348.50 0.133
BMI (kg/m2)

Mean =+ SD. 17.03 +3.35 16.03 £2.03 U=344.0 0.117
BMI (SD)

Mean =+ SD. 047 +1.22 0.02+1.24 U=332.50 0.082

IQR: Inter quartile range SD: Standard deviation t: Student t-test y2: Chi square test FE: Fisher Exact p: p value
for comparing between the studied groups
U: Mann Whitney test *: Statistically significant at p <0.05

Table 2 shows Tanner staging of pubertal changes at the time of presentation in CPP patients. Stage 3 of breast
development (B3) was the most common presenting stage in 21 cases (72.4%). Bone age was advanced in 21
patients (70%).

Table 2: Distribution of the studied patients according to Tanner staging of pubertal changes at presentation and
radiological investigations.

Tanner staging No. %
Breast enlargement (n = 29)?
B1 0 0.0
B2 1 34
B3 21 72.4
B4 7 24.1
Pubic hair (n = 30)
T1 16 533
T2 7 233
T3 6 20.0
T4 1 33
Axillary hair (n=30)
Not present 23 76.7
Present 7 23.3
* Radiological investigations No. %
Bone age at diagnosis (years)
Not advanced 9 30.0
Advanced 21 70.0
(BA-CA) <2 years 8 38
(BA-CA) >2 year 13 62
Min. — Max. 1.0-13.0
Mean + SD. 5.97+3.16
Median (IQR) 6.50 (3.0-9.0)
US genitals
Pre-pubertal 14 46.7
Pubertal 16 533

a: Number of Females

While assessing the hormonal profile of cases, figures 1 and 2 patients showed statistically significant increase
in the peak LH and FSH when compared with basal gonadotropins during GnRH stimulation test. Five cases

4



didn’t do GnRH stimulation test depending on their diagnosis of elevated basal LH level together with other
clinical criteria. There was a statistically significant rise in the levels of LH and FSH after GnRH stimulation.
Among 25 cases who did the GnRH stimulation test, 24 cases (96%) showed pubertal response while 1 case (4%)
showed a prepubertal response. Still, other clinical criteria with pubertal changes of the uterus and ovaries on the
pelvic US matched with the diagnosis of CPP.
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Figure 1: Comparison between basal and peak LH levels after GnRH stimulation.
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Figure 2: Comparison between basal and peak FSH levels after GnRH stimulation.



Table 3 illustrates the PedsQLTM4.0 GCS scores of the two groups. Children with CPP scored less than
controls in all health-related quality of life (HRQoL) domains except school functioning.

Table 3: Comparison of PedsQL™ 4.0 GCS scores and CBCL T-scores between groups.

Pediatric quality of life

Cases

Physical health summary score

Mean + SD.

Emotional functioning
Mean + SD.

Social functioning
Mean + SD.

School functioning
Mean + SD.

Psychosocial summary score

Mean + SD.
Total summary score
Mean + SD.
* CBCL
Withdrawn
Mean + SD.
Somatic complaint
Mean + SD.
Anxious/depressed
Mean + SD.
Emotionally reactive
Mean + SD.
Internalizing problems
Mean + SD.
Delinquent behavior
Mean + SD.
Aggressive behavior
Mean + SD.
Externalizing problems
Mean + SD.
Social problems
Mean + SD.
Thought problems
Mean + SD.
Attention problems
Mean + SD.
Sleep problems
Mean + SD.
Other problems
Mean + SD.
Total behavior problems
Mean + SD.

65.79 £ 10.82

60.67 £ 14.25

66.17 £ 10.06

63.91 + 14.51

63.45 £ 8.30

64.21 = 7.69

57.63 +£9.82

55.70 £ 10.17

57.87+9.62

56.94 + 10.21

51.03+17.73

53.36 £8.19

55.70+7.52

46.80 + 14.87

58.54+9.24

57.23+8.97

56.77+7.70

55.82 £9.04

6.20+7.24

49.87 £ 16.66

Control

77.55 +10.62

74.0 +£13.48

77.67 +12.02

72.08 £ 15.63

75.53£9.98

76.24 £9.08

54.37+6.92

53.83+7.56

56.0 + 8.85

52.80+5.95

46.47 £17.03

53.47+6.03

53.73+7.77

42.77 £ 14.19

56.73 £7.67

52.87+6.14

54.47 + 6.85

53.60 +5.45

5.0+5.32

4470 £16.03

Test of Sig.

t=4.250*

t=3.723*

U=211.50

t=1.756

t=1.756

t=5.535

U=337.50

U=444.50

U=393.50

U=101.50

U=380.00

U=94.00

U=350.50

U=384.50

U=84.50

U=73.50

U=352.0

U=109.50

U=433.50

U=379.00

IQR: Inter quartile range, SD: Standard deviation, t: Student t-test, U: Mann Whitney test,
x2: Chi square test, p: p value for comparing between the studied groups,

*: Statistically significant at p <0.05

MC: Monte Carlo

p-value

<0.001*
<0.001*
<0.001*
0.087
<0.001*

<0.001*

0.075
0.926
0.375
0.331
0.297
0.652
0.107
0.327
0.555
0.274
0.118
0.502
0.805

0.293



Table 3 shows a comparison of CBCL T scores between cases and control groups. The CBCL scores including
internalizing problems, externalizing problems, and their subscales were not significantly higher in cases than
controls. Furthermore, there was no statistically significant difference between them in total behavior problem
scores, other behavior problem scores, social problems, attention problems, thought problems, and sleep problems.

According to Stanford Binet intelligence scale score, the mean estimated total 1Q score was 89.33 + 8.82
(range: 76.0 — 116.0) for cases and 90.33 + 11.51 (range: 72.0 — 116.0) for the control group. The difference in
between them was not statistically significant in all subscales.

Table 4 showed that children with CPP had improved scores after treatment with GnRHa for one year in all
health-related quality of life (HRQoL) domains especially physical and emotional functioning compared to their
scores before treatment. The mean PedsQL total score was (64.21 + 7.69) at the time of diagnosis versus (70.11
+ 7.78) at follow-up after treatment and this difference was statistically significant (p= 0.002).

Table 4: Comparison of pediatric quality of life scores before and after treatment in patients” group.

Before treatment  After treatment Tes.t of p-
Sig. value

Physical health summary score

Mean + SD. 65.79 £ 10.82 72.50 = 9.60 t=3.367* 0.002*
Emotional functioning

Mean + SD. 60.67 = 14.25 67.83+11.35  t=3.288* 0.003*
Social functioning

Mean + SD. 66.17 £ 10.06 70.17+10.87  Z=2.079* 0.038*
School functioning

Mean + SD. 63.91 + 14.51 67.74+10.47  t=2.242* 0.033*
Psychosocial summary score

Mean + SD. 63.45+8.30 68.86 £ 8.39 t=3.179  0.004*
Total summary score

Mean + SD. 64.21 +7.69 70.11 £7.78 t=3.487* 0.002*

IQR: Inter quartile range SD: Standard deviation t: Paired t-test McN: McNemar test
Z: Wilcoxon signed ranks test p: p value for comparing between before treatment and after treatment

Table 5 shows a comparison of child behavior checklist T scores initially and 1 year after treatment with
GnRHa. In all CPP patients, all clinical manifestations were well suppressed by treatment including regression of
Tanner staging and stopped menstruation if present. Total behavioral problems score and other problems score
showed significant improvement after treatment. The score of internalizing problems and its subscales improved
after treatment and showed statistically significant differences except in the emotionally reactive subscale. Scores
of externalizing problems and its aggressive behavior subscale improved significantly after treatment. After
treatment, 27 cases (90.0%) got total behavior problems classification at a normal range compared to 23 cases
(76.7%) before treatment. Three cases out of five improved in total behavior problems score after treatment from
being at a clinical range to a normal range. One case out of two got an improved total behavior problems score
from being at a borderline range to a normal range.

Table 5: Comparison of CBCL T- scores before and after treatment in cases group.

CBCL Before treatment After treatment  Test of Sig. p-value

Withdrawn

Mean + SD. 57.63+£9.82 53.03+4.54 Z=3.062* 0.002*
Somatic complaint

Mean + SD. 55.70 £10.17 53.0+£5091 Z=2.002* 0.045*
Anxious/depressed

Mean + SD. 57.87 £ 9.62 54.20 £ 5.97 Z=2.982* 0.003*
Emotionally reactive

Mean + SD. 56.94 £ 10.21 53.71+7.10 Z=1461 0.144
Internalizing problems

Mean + SD. 51.03+17.73 46.03 £ 14.20 Z=3.182* 0.001*



Delinquent behavior

Mean + SD. 53.36 £ 8.19 53.86 + 8.12 Z=0.365 0.715
Aggressive behavior

Mean + SD. 55.70 £ 7.52 53.73+6.12 Z=2.137* 0.033*
Externalizing problems

Min. — Max. 28.0-68.0 28.0-68.0

Mean + SD. 46.80 + 14.87 44.23 +£13.29 Z=2.319* 0.020*

Median (IQR) 48.50 (28.0 — 59.0) 43.0 (28.0 - 56.0)
Social problems

Mean + SD. 58.54 £ 9.24 55.85 + 5.68 Z=1.757 0.079
Thought problems

Mean + SD. 57.23+£8.97 53.46 +5.36 Z=1.472 0.141
Attention problems

Mean + SD. 56.77+£7.70 54.70 + 6.33 Z=1.780 0.075
Sleep problems

Mean + SD. 55.82 £ 9.04 5435+ 7.44 Z=0.730  0.465
Other problems (raw score)

Mean + SD. 6.20+7.24 4,77 £5.33 Z=2.003* 0.045*

P: p value for csomparing before and after treatment *: Statistically significant at p <0.05
IQR: Inter quartile range, SD: Standard deviation, Z: Wilcoxon signed ranks test, MH: Marginal Homogeneity
Test, p: p value for comparing before and after treatment *: Statistically significant at p <0.05

Regarding internalizing problems, 27 cases got internalizing problems classification at a normal range
compared to 20 cases before treatment. Five cases out of seven improved after treatment from borderline range to
normal range and two cases out of three improved from clinical range to normal range. As for externalizing
problems classification, two cases out of three improved from borderline to normal range. Thus, increasing the
number in the normal range from 27 to 29 cases.

The Stanford Binet Intelligence Scale scores were used for cognitive function assessment. The mean estimated
total 1Q score was 89.33 + 8.82 (range: 76.0 — 116.0) for cases and 90.33 + 11.51 (range: 72.0 — 116.0) for the
control group. The difference was not statistically significant. Also, all subscales showed no statistically
significant difference between cases and controls.

Discussion

Puberty may have a great physical and psychosocial impact on children, especially when maturation occurs earlier
than the expected time.3* It is frequently asked if GnRHa treatment is important to alleviate psychological distress
associated with precocious puberty. However, results from studies performed to date have varied. Some studies
found that early puberty results in psychological distress, and social and behavioral problems with a negative
impact on the quality of life. However, others reported normal behavior and psychosocial function in children
with sexual precocity.”1%7

This study investigated the impact of CPP on the psychosocial, behavioral, cognitive aspects, and quality of
life in CPP children. Moreover, the study aimed to determine the changes in these psychosocial aspects after
treatment with GnRHa. This study was conducted on 30 children with CPP and 30 healthy children of matched
age and sex. According to demographic data of patients, twenty-nine patients (96.7%) were females with a female-
to-male ratio of 29:1. The mean age of children with CPP was 5.13 * 2.34 years. All children were diagnosed
before 8 years except one girl diagnosed at the age of 9.5 years with menarche after the appearance of other sexual
characteristics earlier. There were variable presentations in this cohort. Breast enlargement alone was the most
common presentation in 13 cases (43.3%). The GnRH test wasn’t done in 5 patients diagnosed with elevated basal
LH, clinical criteria, and advanced bone age. Among cases who did the GnRH stimulation, twenty-four patients
(96%) showed pubertal response while one patient (4%) showed prepubertal response with positive HtSD (+0.6),
T2 breast, no pubic or axillary hair and normal bone age but pelvic ultrasound showed pubertal changes of the
uterus and ovaries. This may be explained by low LH response to GnRH in early puberty at breast stage 2 to early
3.1



Concerning the CPP impact on quality of life, children with CPP demonstrated poorer quality of life. They
performed worse than controls in all domains except school functioning. Similarly, there have been several studies
reported that children with CPP had a poorer quality of life than controls.®?3* Klein KO, et al. (2020)%?carried out
a cross-sectional study on 142 parents of CPP children in USA and found that children with CPP got significantly
poorer scores than control group in HRQoL domains. Similarly, a case-control study carried out by Yang H, et al.
(2021)%* in china revealed that children with CPP got significantly lower scores than the control group in HRQoL
domains except for physical functioning. Another longitudinal study by Mensah FK, et al. (2013)% performed a
psychosocial assessment in Australian children with CPP using PedsQL. They found that children with CPP had
lower psychosocial health scores than children with normal puberty and reported lower scores for all other PedsQL
sub-scores. In contrast, a study® carried in Antalya on 71 girls with CPP and 50 Control girls found no significant
difference in mean PedsQL scores between cases and controls. This difference may be due to the cultural
difference of the instruments and the start of treatment. However, few studies were conducted to assess whether
negative effects on HRQoL described in children with CPP improve with treatment. Thus, in the current study,
children with CPP got significantly higher scores after treatment in all HRQoL domains, especially physical and
emotional functioning domains. On review of previous studies, Klein et al.®? (2020) conducted an online survey
for CPP children. Eighty-six children out of 142 patients received treatment. They reported that PedsQL scores
did not show significant differences between children who were never treated and those who received treatment
either at the time of the study or in the past. The difference in results may be attributed to the fact that the current
study was a prospective study and the same patient was evaluated before and after treatment which gave more
accurate observations.

In the current study, children with CPP didn’t show significantly more behavioral problems than the control
group. Scores of internalizing problems and their subscales, scores of externalizing problems and their subscales,
and total behavioral problems scores were higher in children with CPP than controls with no statistically
significant difference. Williams et al. (2018)° reviewed the instruments used for psychosocial assessments of
children with CPP. They mentioned that several observational studies used CBCL for psychological assessment.
Among the studies mentioned, some CBCL subscales showed significant problems in children with CPP
compared to healthy controls, but others found no significant differences. Similarly, a study carried out by Mul et
al. (2001)% on adopted children with early puberty found that they did not have increased levels of behavioral or
emotional problems by CBCL. Besides, Schoelwer et al.3” and Wojniusz et al. (2015)* conducted studies on girls
with CPP and found that they have no statistically significant behavioral problems compared to the control group.

In contrast, older studies showed different levels of behavioral problems in children with CPP. Sonis et al.,*®
Xhrouet-Heinrichs et al.® and Kim et al.! reported that girls with CPP had behavioral problems in comparison to
their controls. The discrepancy between the current results and the above-mentioned latter three studies may be
due to differences in the age of children, duration of treatment, and time of assessment. This observed decrease in
behavioral problems in the recent studies (including the current study) could be a result of less stigmatization of
this condition and the current rationale towards early diagnosis, treatment, and ongoing monitoring.**

There are few studies investigating the impact of GnRHa treatment on the psychological features of children
with PP. In this study, we have found that total behavior problems score, internalizing problems and its subscales
except for the emotionally reactive subscale, externalizing problems and its aggressive behavior subscale and
other problems scores improved significantly after treatment. Scores of delinquent behavior, attention problems,
social problems, thought problems and sleep problems showed non-significant improvement after treatment. In
terms of clinically important T-score, 60% of patients improved in the total behavior problems score after
treatment from being at a clinical range to a normal range. Similarly, Kim et al. (2013)* followed 54 girls with
CPP during treatment over 24 months to detect clinical, laboratory, and radiological responses to treatment and
changes in psychological aspects after treatment. They found that total behavior problems scores and other
problems scores were significantly lower after treatment. However, anxiety/depression, somatic complaints,
attention problems, social problems, and thought problems scores did not change significantly after treatment.
This improvement in total behavior problem scores may be related to the effect of treatment on improving physical
changes associated with precocious puberty, regular endocrinology clinic visits, and counseling.*®

In contrast, Wojniusz et al.** (2016) conducted a study on 15 treated girls with CPP and 15 control girls and
found that treated girls with CPP did not differ in their psychological or cognitive functioning from controls.

As regards the effect of CPP on cognitive function, there was no statistically significant difference between
the total 1Q score and its subscores between cases and controls. Similarly, Wojniusz et al.** and Mul et al.* (2016)



assessed the cognitive function in girls with CPP and controls using Wechsler Intelligence Scale for Children-111
and found no significant difference in the mean IQ score between the two groups.

Moreover, this study demonstrated that children with advanced pubertal development (B4, pubic hair T2-T4,
and presence of menses) showed significantly lower social functioning, psychosocial health, and total health
scores. These results are consistent with the possible effect of physical pubertal changes in early-maturing girls
on their social functioning.”

The sample size was relatively small. Moreover, we relied upon the CBCL and PedQL completed by the
parents, not by the children themselves as there were children diagnosed with CPP as young as 2 years of age.

Conclusion

The quality of life is significantly affected in children with central precocious puberty. However, children with
CPP didn’t have significantly more behavioral problems or cognitive dysfunction than their healthy peers. After
treatment with GnRHa, all pediatric quality-of-life domains and CBCL-T scores showed significant improvement.
Thus, this study raised awareness of the importance of psychosocial assessment and early treatment of children
with CPP to improve their quality of life and their behavior.
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