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SUMMARY: Pineal gland calcification is the most common physiological intracranial calcification followed by the choroid
plexus calcification. The objective of the study was to determine the prevalence of the pineal gland and choroid plexus calcification
among the Iraqi population attending computed tomography scan units in Baghdad, estimate the mean diameters of the pineal gland
calcification, and to detect any correlation between these calcifications with age and sex. This multi-centric cross-sectional study examined
485 CT scans of Iraqi patients between the ages of 1 and 100 years attending CT scan units in the period 1 December 2018 to 1 April
2019. Descriptive and inferential statistics were used. The prevalence of pineal gland calcification was found to be 68 % with the 30-39
age group and male sex predominance. It was found to increase after the first decade of life without real consistency. The mean for pineal
gland calcification anterior-posterior diameter was 4.55±2.13 and the mean of the right-left diameter was 3.95±1.54. These diameters
were found to differ according to sex and age. Choroid plexus calcification was found to have a prevalence of 53.6 %. In most cases,
choroid plexus calcification was found bilaterally (77.3 %). There was no difference in sex, but choroid plexus. In conclusion, calcification
was noticed to increase gradually according to age. Both pineal gland and choroid plexus calcification have a relatively high prevalence.
While pineal gland calcification formation was demonstrated to have a close relation to age and sex, choroid plexus calcification formation
was noticed to relate only to age.
KEY WORDS: Pineal gland; Choroid plexus; Intracranial calcification.

INTRODUCTION

The pineal gland, choroid plexus, habenula, dura,
and others areamong physiological intracranial calcifications
in which pineal gland calcification (PGC) is the most
common followed by the choroid plexus calcification (CPC)
(Sutton, 2002).
The pineal gland is a small, conical structure,measuring
about 6x7x3 mm in size (Snell, 2010; Mohammed et al., 2016)
it averages 150 mg in weight (Golan et al., 2002). The choroid
plexus, on the other hand, is a network of capillaries and
specialized ependymal cells that are located in the ventricular
system (Liddelow, 2015). The pineal gland, as well as, the
choroid plexus was noticed to calcify over advancing age
(Modic et al., 1980; Kay & Sandyk, 1991).
From a radiological point of view, PGCs are important
markers that the pineal gland lies in the midline and any
displacement suggests a space-occupying lesion in the
intracranial cavity (Turgut et al., 2008).
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Animal experiments have shown that pineal activity
exhibits a circadian rhythm that is influenced by light, by which
the gland is most active during darkness. The most important
secretion of the pineal gland regulated by this circadian rhythm
is melatonin. Many studies have demonstrated numerous
effects of melatonin circulating mainly in the CSF and affecting
sleep duration (Snell). Other functions may include regulation
of reproductive function, starving off infection as an
antioxidant and an anti-inflammatory neuro-protector,
increasing longevity, and enhancing mood (Hall & Guyton,
2010; Tan et al., 2018).
Other secretions by the pineal gland that were
discovered recently include a psychedelic methylated molecule
and neuro-steroids from cholesterol; the first (N, Ndimethyltryptamine) was suggested that is exclusively
produced at birth, during dreaming, and/or near death to produce ‘out of body’ experience (Guchhait, 1976; Hall &
Guyton). It has been noticed that pineal gland size varies
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withthe environment of the organism so that the colder the
habitat the larger the size of the gland. Other factors may adjust
the pineal gland’s size and may include body fat and sleep
duration (Tan et al.).
The choroid plexus has several functions; first, it
mediates cerebrospinal fluid (CSF) production. CSF acts as a
filtration system medium that facilitates the removal of
metabolic waste from the brain and exchange of biomolecules
and xenobiotics into and out of the brain (Abbott et al., 2018).
Second, the choroid plexus help forms the blood–cerebrospinal
fluid barrier (BCSFB) (Laterra et al., 1999). Third, it is
considered to be a major source of transferrin secretion that
plays a part in iron homeostasis in the brain (Moos et al., 2007).
Choroid plexus is the second major place for normal
intracranial calcification. Calcification is seen mostly in the
atrial portions of the lateral ventricles, rarely seen in the third
or fourth ventricle, or patients younger than nine years old
(Kırog˘lu et al., 2010).
Nowadays, there is a growing interest in the application
of evidence-based approaches, molecular or genetic, to the
prevention of aging-related pathological changes.
Recent research has demonstrated that there could be
two origins of PGC that are in association with pinealocytes
or with non-pinealocytes. Regardless of the mechanism of
calcification, the result will jeopardizes the melatonin
synthetic capacity of this gland and may be associated with a
variety of neuronal diseases including neurodegenerative
diseases (Alzheimer’s, Myasthenia gravis), migraine,
symptomatic intracerebral hemorrhage, symptomatic cerebral
infarction, sleep disorders, defective sense of direction and
pediatric primary brain tumor (Kay & Sandyk; Mahlberg et
al., 2008; Turgut et al.; Tuntapakul et al., 2016). Interestingly,
PGC is mainly associated with brain-related disorders but not
with other organ pathophysiologies while the decreased
melatonin levels were detected in the blood which supplies
all the tissues. This observation further supports the hypothesis
that high levels of melatonin released directly into the CSF
from the pineal gland serves as a biological circadian rhythm
regulator and a neuronal antioxidant while the blood melatonin
is the residue of the pineal melatonin (Marinescu et al., 2013;
Reiter et al., 2014).
Although the mechanism of calcification of the choroid
plexus is still unclear, studies suggest that injuries of various
etiologies and dysfunctions within the small blood vessels of
the brain that disrupt the calcium homeostasis could lead to
calcification of the choroid plexus (Marinescu et al.). Many
studies had been done to identify the clinical significance of
CPC; one study suggests that its size is positively correlated

with the intensity of hallucination seen in schizophrenia
(Sandyk, 1993). Another reported that CPC might be useful
as a marker of suicidality in patients with schizophrenia and
bipolar disorder (Sandyk & Kay, 1991). Also, one recent study
suggested that CPC was associated with brain atrophy, and
with important cognitive dysfunctions (Marinescu et al.).
A study found that the prevalence of PGC was higher
in western countries compared to African and Asian countries.
Reports indicate a significant difference in the prevalence of
PGC in African Americans (9.8 %)and White Americans (16
%) (Adeloye & Felson, 1974).
Various rates have been reported in some African and
Asian countries, with the prevalence being 1.3 % in Gambians,
5 % in Nigerians, 9.9 % in Japanese, 15.6 % in Fijians, and
19.2 % in Indians (Akano & Bickler, 2003).
Recent studies reported the prevalence of PGC from
different parts of the world; 58.8 % in the USA, 68.5 % in
Turkey, and 51.7 % in Brazil (Modic et al.; Turgut et al.; Alves
et al., 2013).
Furthermore, a study in Kurdistan, Iraq, revealed that
the prevalence of PGC among the study sample was 26.9 %
with the 51-60 age group and males having the highest
incidence (Mohammed et al.).
A study was done that examined about 1,000 consecutive
CT scans for calcification of the choroid plexus; found that the
prevalence of calcification ranged from 0.5 % in the first decade
of life to 86 % in the eighth decade (Kay & Sandyk).
The objectives of this study are to determine the
prevalence of pineal and choroid plexus calcifications among
Iraqi population of patients attending CT scan units in the major
public teaching hospitals in Baghdad and estimate mean
diameters of the pineal gland calcification. As well as to find
if there is any correlation between the occurrences of these
calcifications regarding age and sex.

MATERIAL AND METHOD

This is a multi-centric cross-sectional study for the Iraqi
population attendingCT scan units in different tertiary hospitals
in Baghdad – Iraq. Recorded data were collected for all patients
who were referred for a brain CT scan in the period from the
1st of December 2018 to 1st of April 2019.
A total of 485 cases were collected and enrolled the
study after applying our inclusion/ exclusion criteria, non-Iraqi
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patients, those with pathologies that may show abnormal
calcifications and cases with insufficient data regarding age,
sex, or other required data were excluded from the study.
Data were collected for all enrolled cases with age and
sex then investigated through RadiAnt DICOM viewer 4.6.9
program. CT scans were recorded for all cases through 5 mm
slices axial images, all cases were carefully reviewed by two
or more radiologists.
PGC was reported if present through any CT slice and
was identified as a midline calcification in the posterior cranial
fossa, with its antero-posterior and transverse diameters
measured through the program tools. If PGC was noted in
more than one slice, the slices with the largest diameter were
chosen. Choroid plexus calcifications were reported if present
in the lateral ventricles for each case. It is reported whether it
is unilateral (right or left) or bilateral.
Data were entered into Microsoft Excel 2013 and
analyzed through IBM-SPSS version 17 software. Cases
were classified into 9 age groups. Descriptive statistics were
used to calculate mean values for age, mean for PGC anteroposterior and transverse diameters, the prevalence of PGC
and choroid plexus calcifications. Chi-square test was used
to analyze male to female significance as well as to analyze
significance in the relationship between age groups and the
presence of CPC and PCG. The correlation between age and
PGC diameters were analyzed using the Pearson correlation
coefficient. Independent T-test was performed to analyze
significance in the relation between sex and the PGC
diameters measurements. P-value of ≤ 0.05 was considered
significant.

RESULTS

Out of the 485 CT scans evaluated, 238 (49 %) were
from females and 247 (51 %) were from males. Pineal gland
calcification was noted in 331 scans with a prevalence of
68 %. Of these scans; 185 (55.89 %) were from males and
146 (44.1 %) were from females, the difference was
significant (P- value = 0.001), the prevalence of PGC in each
sex is demonstrated in Table I. Participant’s age ranged from
1 to 100 years with a mean of 46.47 ± 21.59 (Fig. 1). The
prevalence of pineal gland calcification in age groups was
13.6 % for <9, 31.1 % for 10-19, 66.7 % for 20-29, 87.8 %
for 30-39, 76.8 % for 40-49, 81.2 % for 50-59, 74.2 % for
60-69, 64.9 % for 70-79 and 67.9 % for >80; difference was
significant (P-value < 0.001) (Table II). The highest
prevalence was found in the 30-39 age group.
The mean for PGC antero-posterior diameter was
4.55±2.13 mm and the mean of the right-left diameter was
3.95±1.54 mm. There was a significant positive correlation
between the antero-posterior diameter measurement and age
(P-value = 0.018) but a non-significant correlation between
age and the left-right diameter measurement (P-value =
0.076) (Table III), so that increasing age may be associated
with an increase in the antero-posterior diameter
measurement only. There was a significance difference
between sexes in the right-left diameter measurement (PTable III. Correlation between age and pineal gland
calcification diameters measurements in studied
population
Diameter
Anterior-Posterior
Right-Left

Ethical approval was obtained from the scientific unit
at Al-Kindy College of medicine, University of Baghdad.

Pearson correlation value
0.130
0.098

P-value
0.018
0.076

Table I. Prevalence of pineal gland calcification regarding sex.
S ex
Male
F emale

Present
185
146

Percentage
74.9
61.3

Not present
62
92

Percentage
25.1
38.7

Total

P-value

247
238

= 0.001

Table II. Prevalence of pineal gland calcification in different age groups.
Age Group
<9
10 – 19
20 – 29
30 – 39
40 – 49
50 – 59
60 – 69
70 - 79
>80

246

Present

Percentage

Not present

Percentage

3
14
34
43
63
69
49
37
19

13.6
31.1
66.7
87.8
76.8
81.2
74.2
64.9
67.9

19
31
17
6
19
16
17
20
9

86.4
68.9
33.3
12.2
23.2
18.8
25.8
35.1
32.1

Total
22
45
51
49
82
85
66
57
28

P-value <
0.001
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CPC was found in 260
scans (53.6 %) in which 201 (77.3
%) were bilateral, 43 (16.5 %)
were found only on the right and
16 (6.1 %) were found only on the
left (Fig. 2). There was no
significant difference in sex
regarding the presence of choroid
plexus calcification (P-value =
0.477) (Table V). But statistics
showed a significance difference
in age distribution (P-value <
0.001) (Fig. 3), in which there was
a gradual increment in the
prevalence of CPC with aging
Fig. 1. Distribution of studied sample according to age groups.
demonstrated by the highest
prevalence of 75 % found in
value = 0.046) in which the mean right-left diameter was
patients older than 80 years and no cases in patients younger
higher in males than in females. However, there was a nonthan 9 years of age.
significant difference in the antero-posterior diameter
measurement (P value = 0.149) (Table IV).
Figure 4 shows examples of pineal and choroid plexus
calcifications for different cases enrolled in the study as
shown by CT scan.
Table IV. Difference between sexes regarding pineal gland
calcification diameter measurements.
Diameter
Anterior-Posterior
Right-Left

Mean ± STD
Males
Females
4.7 ± 2.19 4.36 ± 2.04
4.1 ± 1.48 3.76 ± 1.59

P-value
0.149
0.046

Table V. Difference between sexes regarding choroid plexus
calcification.
Choroid plexus calcification

Sex

Present
Not pres ent

Male
138
109

Female
122
116

P-v alue = 0.477

Fig. 2. Prevalence of choroid plexus calcification in studied
sample.

Fig. 3. Prevalence of choroid
plexus calcification in different
age groups.
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Fig. 4. A- a 20-year-old male with pineal and choroid plexus calcification. B- a 16-year- old female with pineal
gland calcification. C- a 70-year-old male with pineal and choroid plexus calcification. D- a 78-year.old female with
pineal and choroid plexus calcification.
DISCUSSION

The Pineal gland and choroid plexus and their
relationship to numerous neurodegenerative disorders have
been a topic of interest to the medical community. The

248

prevalence of PGC has been studied by many literatures
previously. However, only a few studies regarded PGC and
CPC to age and sex.
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The prevalence of PGC in this study’s population was
68 %, compared with a study in Iraq, Kurdistan region
(Mohammed et al.) it’s considered a high prevalence as it found
the prevalence of PGC to be 26.9 %. This can be explained by
the fact that this study evaluated CT scans while Iraqi
Kurdistan’s study evaluated skull X-ray scans. Radiologically
it’s widely accepted that CT is a more sensitive detector of
intracranial calcifications. Moreover, in a previous postmortem
study (Trentini et al., 1987) it was observed that pineal calcium
content was significantly higher in individuals who died in
summer compared to those who died in winter, which indicates
an association between sunlight exposure and rate of PGC. It
is well known that sunlight exposure in Iraqi Kurdistan is less
than that in the middle or south of Iraq, which could explain
the significant difference in the prevalence (Al-Hassany, 2017).
In another study, it was demonstrated that altitude significantly
alters the degree of PGC. Interestingly high altitude was found
to decrease the degree of PGC which may be another factor to
affect PGC prevalence between this study’s population and
IraqiKurdistan’s as it is known that the altitude in Iraqi
Kurdistan is higher than in other parts of Iraq (Turgut et al.;
Al- Hassany).
PGC prevalence in this study was fairly equal to the
incidence of PGC in a cohort study in Turkey with an incidence
of 68.5 %. Although their study found that deprival of sunlight
exposure may be a causative factor for the development of
PGC in humans (Turgut et al.). However, there were conflicting
opinions regarding the effect of sunlight exposure on PGC
formation (Trentini et al.; Al-Hassany).
In Iran the PGC incidence is around 71 % (Daghighi
et al., 2007) and in African (Ethiopia), it is roughly 72 %
(Admassie & Mekonnen, 2009) in subtropical Brazil it’s about
51.7 % (Alves et al.) and in the USA it’s 58.8 % (Modic et
al.). This suggests that PGC is affected to a higher degree by
geographical factors aside from age and sex that will be
discussed next.

Winkler & Helmke (1987) found a significant percentage of
physiological PGC even between 0 and 6 years of age, ranging
from 2.9–4.2 %. When compared, the prevalence of PGC in
this study was significantly higher (13.6 %) than those
mentioned above in patients younger than 9 years of age. This
might be due to the overall higher prevalence in this study’s
sample, while a study in Iraqi Kurdistan (Mohammed et al.,)
found an overall prevalence of 26.9 % and no cases of PGC in
patients younger than 10 years. Another cause might be that
some cases were taken from an emergency CT scan unit so it
is possible that they were referred due to clinical pathological
conformational diagnosis. So that with the lack of clinical
history we cannot determine the real cause of this obviously
high prevalence in this age group. However, a larger sample
size might be needed for this age group to obtain more accurate
results.
A possible clue to sex-related differences, in which
there’s a higher prevalence in males, is attributed to the
interaction of sex hormones with the process of PGC
formation. This finding is consistent with previous literature
(Modic et al.; Moos et al.; Turgut et al.; Alves et al.). It was
found that serum melatonin level showed a significant drop in
pubertal boys, preceding the rise in testosterone and
gonadotropins (Turgut et al.). There is evidence that melatonin
has anti-estrogenic properties by stimulating progesterone
production that opposes the action of estrogens (Sandyk et
al., 1992). Interestingly, female pineal glands are heavier and
more calcified during menopausal age whereas in the
postmenopausal period pineal calcium content seems to decline to levels below those of men (Pitch et al., 2004). These
observations could suggest a relationship between PGC and
sex hormones, although the mechanisms underlying the
formation of PGC are still unclear.

In literature, a vast majority of the reports indicate that
PGC can be seen as early as the second decade of life. In
general, the demographic finding of this study corresponds
with literature, with the increasing prevalence of PGC with
aging. Although the increase in PGC prevalence with age is
not consistent, currently, it has been understood that PGC is a
regulated and reversible process, rather than merely being a
passive phenomenon (Tan et al.).

Compared to a study in the USA (Modic et al.), in
which the antero-posterior diameter was 3.73±1.63 mm and
the right-left diameter was 3.47±1.31 mm, the mean of PGC
in the current study was slightly higher (4.55±2.13 mm) for
the antero-posterior diameter measurement and approximate
(3.95±1.54 mm) for the right-left diameter measurement. To
our knowledge there are no studies concerning the relationship
between age or sex and these measurements, and there is no
explanation to the positive correlation between either the age
or sex to one of the measurement and not the other, or the fact
that either sex or age correlates with the opposite measurement
the second variable correlates to.

In a study by Chang et al. (1981), it was pointed that
PGC in children under the age of 10 has a pathologic
significance, which suggests the possibility of the presence of
a neoplasm involving the pineal gland, such as germinoma or
teratoma. However, another radiological study of children,

On the other hand, CPC is a less complex topic, because
choroid plexus plays no hormonal role and its calcification
shows no difference between sex and ethnic groups as does
PGC. Studies on CPC are not numerous, among which, a study
in Brazil (Alves et al.). When comparing the prevalence of
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CPC between Brazil’s and this study’s finding, there was an
obvious difference, with a prevalence of 53.6 % in this study
and 42.6 % in Brazil. Both studies agreed that the vast majority
of CPC was found bilaterally, 77.3 % in this study and 82.1 %
in Brazil’s study. The difference in the prevalence can be
attributed to the fact that their study examinations were
performed using a single-slice helical CT scanner, that could
have diminished the diagnostic accuracy in detecting CPC,
especially for younger subjects. The mechanism of CPC
formation is still unclear, but it has been approved that the
prevalence of CPC increases gradually with age (Kay &
Sandyk), which corresponds to this study’s finding. However,
CPC is regarded by many studies as a pathological condition
(Marinescu et al.; Pitch et al.), and since this study lacks any
clinical information on the CT scan referral cause, CPC
association to age cannot be determined for sure.
The major limitation of this study is the lack of clinical
or laboratory data on the functions of the pineal gland, which
made the ability to assess the effect of these calcifications on
neurological dysfunction impossible in a clinically relevant
way. Another limitation in this study is the lack of consideration
of environmental factors that may affect the formation of these
calcifications, as it has been mentioned above that there could
be a possible role of sunlight exposure and altitude on PGC
formation.

coroideo entre la población iraquí que asiste a las unidades de
tomografía computarizada en Bagdad, estimar los diámetros medios de la calcificación de la glándula pineal y detectar la posible
correlación entre estas calcificaciones con la edad y el sexo. Este
estudio transversal multicéntrico examinó 485 tomografías
computarizadas de pacientes iraquíes entre 1 y 100 años de edad
que asistieron a unidades de tomografía computarizada en el período del 1 de diciembre de 2018 al 1 de abril de 2019. Se utilizaron estadísticas descriptivas e inferenciales. Se encontró una prevalencia de calcificación de la glándula pineal del 68 % con predominio del sexo masculino en el grupo de 30 a 39 años. Se observó
que aumentaba después de la primera década de vida sin una coherencia real. La media del diámetro anteroposterior de la calcificación de la glándula pineal fue de 4,55 ± 2,13 y la media del DIÁMETRO derecho-izquierdo fue de 3,95 ± 1,54; estos diámetros
difieren según el sexo y la edad. La calcificación del plexo coroideo
tiene una prevalencia del 53,6 %. En la mayoría de los casos, la
calcificación del plexo coroideo se encontró de forma bilateral (77,3
%). No hubo diferencia de sexo, no obstante en el plexo coroideo
se observó que la calcificación aumentaba gradualmente según la
edad. Tanto la calcificación de la glándula pineal como del plexo
coroideo tienen una prevalencia relativamente alta. Si bien se demostró que la formación de calcificación de la glándula pineal está
relacionada con la edad y el sexo, se observó que la formación de
calcificación del plexo coroideo se relaciona solo con la edad.
PALABRAS CLAVE: Glándula pineal; Plexo coroideo;
Calcificación intracraneal.
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