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Abstract

Objective The aim of this study is to assess the correlation between precocious puberty and pineal cysts in children.

Materials 
and Methods

In this case-control study, brain MR scans of 122 patients with precocious puberty and 122 children in the control group were evaluated for the presence and size of pineal 
cysts. Pineal cysts were assessed as true cyst and cystic transformation in terms of their sizes. The presence of pineal cysts/cystic transformation was compared between 
the two groups. In the precocious puberty group, the baseline and peak LH levels of patients with pineal cyst, cystic transformation and without cyst-cystic transformation 
were compared.

Results The chi-square test indicated no significant correlation between precocious puberty and pineal cyst and between precocious puberty and pineal cystic transformation 
(p=0.2537 and p=0.8797 respectively). There was no significant difference in the basale and peak LH levels between the patients with pineal cyst, cystic transformation and 
without cyst-cystic transformation in the precocious puberty group (p=0.566 and p= 0.367 respectively).

Conclusion According to the results of the present study, there was no correlation between pineal cysts and precocious puberty. Therefore, it is a correct approach to accept pineal cysts 
detected in MR scans as an incidental finding in cases with precocious puberty.
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Öz

Amaç Bu çalışmanın amacı, çocuklarda erken puberte ile pineal kistler arasındaki ilişkinin değerlendirilmesidir.

Gereç ve 
Yöntemle

Bu vaka-kontrol çalışmasında erken puberte tanılı 122 olgu ve kontrol grubu 122 çocuğun beyin MR görüntüleri pineal kist varlığı ve boyutları açısından değerlendirildi. Pineal kistler bo-
yutlarına göre gerçek kist ve kistik transformasyon olarak ayrıldı. Erken puberte ve kontrol grubu pineal kist/kistik transformasyon varlığı açısından karşılaştırıldı. Erken puberte grubunda 
pineal kist saptanan, kistik transformasyon saptanan ve kist/kistik transformasyon saptanmayanların pik ve bazal LH değerleri karşılaştırıldı.

Bulgular Ki-kare testi ile erken puberte ile pineal kist arasında ve erken puberte ile pineal kistik transformasyon arasında anlamlı ilişki saptanmadı (sırasıyla p=0,2537ve p=0,8797). Erken puberte 
grubunda kist/kistik transformasyon izlenmeyen, kistik transformasyon saptanan ve kist saptananlar arasında pik ve bazal LH değerleri açısından anlamlı farklılık bulunmadı (sırasıyla 
p=0,566 ve p=0,367).

Sonuç Çalışmamızın sonuçlarına göre, pineal kistler ile erken puberte arasında herhangi bir ilişki saptanmamıştır. Bu nedenle, erken puberte tanılı olgularda MR incelemelerde saptanan pineal 
kistlerin insidental bulgu olarak kabul edilmeleri doğru bir yaklaşımdır.

Anahtar 
Kelimeler

erken puberte; pineal bez; melatonin; manyetik rezonans görüntüleme
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INTRODUCTION
Precocious puberty refers to puberty beginning before age 
8 in girls and before age 9 in boys.1 Precocious puberty is 
divided into 2 main groups; central precocious puberty 
(true/gonadotropin-dependent) and peripheral precoci-
ous puberty (false/gonadotropin-independent). Central 
precocious puberty develops by the activation of stimula-
tory systems on gonadotropin releasing hormone (GnRH) 
neurons.2

Congenital central nervous system (CNS) lesions (Chiari 
malformation, hydrocephalus, arachnoid cyst, hypothala-
mic hamartoma, myelomeningocele), acquired CNS lesi-
ons (tumors such as glioma, ependymoma, pinealoma and 
craniopharyngioma, hypoxic ischemic encephalopathy, 
irradiation, traumatic injury, bleeding, infection), gene-
tic mutations, chromosomal abnormalities and idiopathic 
precocious puberty are among the causes of central preco-
cious puberty.3,4

Th e control mechanisms that onset puberty are still undis-
covered. Th e phenomenon that induces puberty is thought 
to be an increase in the amplitude and quantity of GnRH 
secretory bursts by the hypothalamic neurons that produ-
ce GnRH.5

Precocious puberty is associated with tumors that are 
located in the sellar, suprasellar and pineal regions.6 Th e 
etiology of precocious puberty in some of CNS tumors is 
known to be directly associated with the production of 
GnRH or human chorionic gonadotropin (hCG) by the 
lesions or the secretion of neuroactive substances that sti-
mulate the release of GnRH through the neighborhood. 
Th e etiology is unknown in some of tumors.6-8

Only germ cell tumors that secrete hCG induce precocious 
puberty among pineal tumors.9 Additionally, in the litera-
ture some authors have reported cases of pineal cysts con-
sidered to be associated with precocious puberty.10-12

Experimental evidence suggests that the pineal gland has 
functions in the neuroendocrine control of puberty in ani-
mals.13-15 Th ere have been studies reporting that the pineal 
gland aff ects reproductive function at the hypothalamic 
and gonadal levels in humans, but the hypothesis that the 
pineal gland controls sexual maturation could not be con-
firmed.16-18

Pineal cysts are one of the pathologies that can be found 
during cranial magnetic resonance (MR) scans in radio-
logy practice and are typically regarded as an incidental 
finding. A value of 5 mm is considered as the lower limit 
of true cysts. Pineal cysts between 2-5 mm are conside-
red as cystic transformation of the gland.19 We examined 
the correlation between pineal cysts/cystic transformation 
and precocious puberty based on the cases of the pineal 
cyst - precocious puberty described in the literature and 
as well as the thesis of the eff ects of melatonin on sexual 
maturation.

Th e aim of this study is to assess the frequency of pine-
al cysts in children for whom cranial magnetic resonance 
images (MRIs) were taken due to precocious puberty and 
to compare them with the control group. Furthermore, it 
is aimed to compare gonadotropin levels of patients with 
and without a pineal cyst/cystic transformation in the pre-
cocious puberty group.

MATERIALS and METHODS
Ethical considerations, patients and study design 

Th is retrospective study was approved by the ethics com-
mittee of Sakarya University (approval date/number: 
30.06.2021-39909). Images from 122 children for whom 
brain MRIs were taken for precocious puberty and 122 
children who had brain MRIs for screening between Ja-
nuary 2015 and December 2020 were analyzed retrospec-
tively. Precocious puberty and control groups consisted of 
children with similar F/M ratio, mean age and body mass 
index (BMI). Th e control group constituted the patients 
who applied to pediatric outpatient clinics and requested 
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MR imaging for screening. Th e exclusion criteria were 
hydrocephalus, tumor, hypoxic ischemic encephalopathy 
and other pathologies that might cause precocious puberty 
and neurological/oncological diseases.

Imaging procedures and analysis of data
MR imaging was performed in our hospital with a 1.5 T 
Siemens MR device (Signa, Voyager; GE Healthcare, WI, 
USA). Th e MR examination included the following sequ-
ences:

• a. Coronal and axial T2-weighted fast spin echo (FSE) 
pulse sequence (TR/TE, 5404 ms/ 87 ms; matrix, 
192×192; slice thickness, 3 mm),

• b. Axial fl uid-attenuated inversion recovery (FLAIR) 
pulse sequence (TR/TE, 7640 ms/ 87 ms; matrix, 
132×256; slice thickness, 3 mm),

• c. Coronal, axial and sagittal three dimension (3D) 
T1-weighted magnetization-prepared rapid gra-
dient-echo (MP-RAGE) pulse sequence (TR/TE, 1500 
ms/ 2.58 ms; matrix, 179×224; slice thickness, 1 mm).

A pediatric radiologist with 13 years of experience in ra-
diology analyzed the images. Th e presence of pineal cysts 
and the size of the cysts were recorded both in the preco-
cious puberty and control groups. True pineal cysts (dia-
meters more than 5 mm) and cystic transformations (dia-
meters ranging from 2 to 5 mm) were assessed separately.
Th e precocious puberty group was divided into three 
groups based on the presence of pineal cyst, the presen-
ce of cystic transformation and the absence of cyst-cystic 
transformation.  Precocious puberty patients’ basale and 
peak luteinizing hormone (LH) levels were recorded.

Statistical Analysis
SPSS version 16.0 for Windows (SPSS Inc., Chicago, IL, 
USA) was used to conduct statistical analyses. Numerical 
data were expressed as mean and standard deviation (SD), 
whereas categorical data were expressed as frequency and 
percentage. Th e chi-square test was employed to investiga-

te the correlation between precocious puberty and pineal 
cysts. Th e Kruskal-Wallis test was used to assess the corre-
lation between the presence of cysts/cystic transformation 
and hormone levels in patients with precocious puberty. 
Th e value of p< 0.05 was accepted as statistically signifi-
cant. A post hoc power analysis was performed using a 
web-based application developed by Inonu University to 
ensure that adequate power was present to interpret the 
data.

Table 1. Comparison of the pineal cyst /cystic transformation be-
tween precocious puberty and control group with chi-square test.

Pineal lesion
Precocious 

puberty         
group

Control  
group p

Pineal cyst (n, %) 13 (10.65%) 8 (6.55%) 0.2537

Pineal cystic 
transformation (n, %) 28 (22.95%) 29 (23.77%) 0.8797

RESULTS
Th e study included 122 patients who were examined for 
precocious puberty and 122 children for whom MRIs were 
taken for screening as a control group . Th e F/M ratios in 
the precocious puberty and control groups were 118/4. 
Th e precocious puberty and control groups had similar 
mean ages (7.98±1.26 vs 8.03±1.31) (p= 0.392). No signi-
ficant diff erence was also found between the precocious 
puberty and control groups in terms of BMI (17.71±2.71 
vs 16.01±3.32) (p> 0.05).

True pineal cysts were identified in 13 (10.65%) patients 
of the precocious puberty group and 8 (6.55%) patients of 
the control group (Image 1). Th e chi-square test indicated 
no significant correlation between precocious puberty and 
pineal cyst (p= 0.2537). (Table 1)

Pineal cystic transformations were identified in 28 
(22.95%) patients of the precocious puberty group and 
29 (23.77%) patients of the control group (Image 2). Th e 
chi-square test also indicated no significant correlation 
between precocious puberty and pineal cystic transforma-
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tion (p= 0.8797). (Table 1)

Figure 1. On MR imaging, a true pineal cyst (A) which ap-
pears hypointense in T1-weighted sagittal sequences and (B) 
hyperintense in T2-weighted sagittal sequences.

Figure 2. On MR imaging, a pineal cystic transformation 
which appears hypointense (A) in post-contrast T1-weigh-
ted sagittal sequences and (B) in post-contrast T1-weighted 
axial sequences.

Th e basale LH values were determined as 1.27±1.75, 
1.41±1.62 and 1.76±1.61 and peak LH values were deter-
mined as 11.92±10.82, 7.8±5.02 and 12.70±8.17 respecti-

vely in precocious puberty patients with pineal cyst, with 
cystic transformation and without cyst-cystic transforma-
tion. Th e basale and peak LH values revealed no statistical-
ly significant diff erence among the three groups (p= 0.566 
and p= 0.367 for basale LH and peak LH respectively) 
(Image 3,4).

Figure 3.  A graph of the distribution of basale LH levels in 
the precocious puberty group. Th e cases were divided into 
subgroups; PP, precocious puberty without pineal cyst/cys-
tic transformation; PP-CT, precocious puberty with pineal 
cystic transformation and PP-C, precocious puberty with  
pineal cyst.

Figure 4.  A graph of the distribution of peak LH levels in 
the precocious puberty group. Th e cases were divided into 
subgroups; PP, precocious puberty without pineal cyst/cys-
tic transformation; PP-CT, precocious puberty with pineal 
cystic transformation and PP-C, precocious puberty with  
pineal cyst.
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DISCUSSION
Th ere have been studies reporting that the pineal gland af-
fects human reproductive function both at the hypothala-
mic-pituitary level by inhibiting the hypothalamic pulsati-
le secretion of the hormone that releases gonadotropin and 
at the gonadal level via melatonin receptors.16,17 However, 
no literature study has been conducted on the correlation 
between precocious puberty and pineal cysts. In a study, V. 
Lacroix-Boudrioua et al. examined 56 cases of precocious 
puberty and 116 cases of idiopathic short stature (ISS) for 
pineal cysts and identified pineal cysts in 10.7% of preco-
cious puberty cases and 11.2% of ISS patients. However, 
the age, gender and other characteristics were not similar 
in both groups in this study. Th is research was designed to 
identify the prevalence of pineal cysts in children who had 
MR imaging and there was also no comparison between 
the two groups. To our knowledge, our study is the first 
attempt to investigate the correlation between precocious 
puberty and pineal cysts. We identified true pineal cysts in 
10.65% of the precocious puberty group and 6.55% of the 
control group. Similar rate of pineal cysts in the precocious 
puberty group indicated in the study by V. Lacroix-Bou-
dhrioua et al. was supportive for results of our current re-
search.19

Th e prevalence of pineal cysts has been reported to range 
from 1.5% to 10.8% in various studies.20 However, in these 
studies pineal cysts were not diff erentiated as true pineal 
cysts and cystic transformations. In the present study, we 
examined pineal cysts by dividing into two groups; true 
pineal cysts and pineal cystic transformations. In a study, 
in which  brain MR scans of 14,516 patients under the 
age of 25 were examined and 5 mm was considered as the 
baseline of cyst diameter,  the rate of the pineal cyst was 
found to be 2.0%. In this study, the highest prevalence was 
found in the girls between the ages of 6 and 12 (3.7%). Th e 
cause of this group’s high rate was unknown.21 In another 
study, pineal cysts were found ranging in size from 1.5 to 
16 mm in 57% of children and it was reported that cysts 
were more prevalent in girls.22 Th ere was a wide range in 

the incidence of pineal cysts in the literature. Our study 
did not represent the true incidence of the pineal cysts in 
children because the patients were involved in the age ran-
ge of 6 to 10 years and predominantly girls.

Th e hypothalamic-pituitary-gonadal axis, which is inacti-
ve until the age of ten years, is activated by an increase in 
the amplitude and frequency of GnRH pulses and puberty 
begins.23 Th e main phenomenon that induces puberty is 
assumed to be an increase in the amplitude and quantity 
of GnRH secretory bursts by the hypothalamic neurons 
that produce GnRH.5 Precocious puberty is known to be 
associated with tumors that are located in the pineal and 
sellar regions.6 Pineal tumors secreting hCG cause preco-
cious puberty.9 Besides, we found three case reports asser-
ting that there may be a relationship between pineal cysts 
and precocious puberty.10-12 Also, experimental evidence 
suggest that the pineal gland has function in the neuro-
endocrine control of puberty in animals.13-15 In the pre-
sent study, we compared precocious puberty and control 
groups with similar gender distribution, age and BMI and 
found no diff erence in the presence of pineal cysts between 
the two groups. Based on this result, we concluded that 
pineal cysts identified in MR scans of precocious puberty 
patients should be accepted as an incidental finding.

Some studies on headache/migraine patients reported that 
pineal cysts may play role in the etiology of the disease by 
reduction in melatonin levels due to disruption in circadi-
an melatonin secretion.24-28 In these researches, the authors 
referenced to the studies indicating low melatonin levels in 
patients with headaches/migraines in the literature. Simi-
larly, it has been suggested that pineal gland pathologies 
and decreased melatonin may play role in the etiology of 
precocious puberty.18 However, no studies have conducted 
on the association between precocious puberty and pineal 
cysts except case reports. On the other hand, Holanda et al. 
assessed the sleep duration and melatonin levels in child-
ren with precocious puberty. Th ey found that melatonin 
levels were lower in precocious puberty patients than in 
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prepubertal children with normal growth and they asser-
ted that melatonin may have antigonadotropic eff iciency.29 
In the present study, we compared the gonadotropin va-
lues of the patients with and without  pineal cyst in the 
precocious puberty group. Th e patients with pineal cyst 
had slightly higher baseline and peak LH values, but there 
was no statistically significant diff erence. Th is result cast 
doubt on the hypothesis asserting that decreased melato-
nin levels lead to increase in gonadotropins.  We believe 
that even if melatonin has antigonadotropic activity, this 
activity is most probably weak and does not aff ect pubertal 
development.

Th e first limitation of our study was the lack of melatonin 
values in puberty and control groups, as it was retrospecti-
ve. Another limitation was the absence of LH values in the 
control group. Prospective studies which include melato-
nin and LH values of subjects may yield more detailed and 
precise results. Sample size was found to be inadequate 
with post hoc power analysis. Th erefore, another limita-
tion was the insuff icient number of patients in this study.

CONCLUSION
Consequently, studies in the literature asserting that pine-
al cysts may cause precocious puberty are limited to case 
reports and animal experiments. Our findings suggest that 
pineal cysts identified in the MR imaging should be ac-
cepted as an incidental finding and not be associated with 
precocious puberty. However, there is still need for rese-
arch on the eff ect of pineal gland and its pathologies on 
puberty since the etiopathogenesis of puberty has not been 
properly clarified and factors that might aff ect pubertal de-
velopment are multiple.

Th is retrospective study was approved by the ethics com-
mittee of Sakarya University (approval date/number: 
30.06.2021-39909).
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