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Comparison of Pineal Gland Volume Between 
Patients with Fibromyalgia and Healthy Controls

ABSTRACT
Objectives: The pineal gland is an important neuroendocrine organ accounting for the melatonin secretion and chronobiology 
that regulate circadian rhythm. This study was designed to compare pineal gland volume (PGV) with healthy controls and patients 
with fibromyalgia syndrome (FM), in which sleep quality and efficiency is reduced. 
Patient and Methods: In this cross-sectional study, PGV and functional pineal gland volume (FPGV) of FM patients with age- and 
sex-matched healthy controls were compared. All MR imaging studies were performed using a 3 Tesla scanner with a multi-chan-
nel phased array head coil. The volume of pineal glands and pineal cysts were calculated from 3D MP RAGE images using the 
formula: volume= AP x transverse x craniocaudal diameter x 0.523.
Results: There was no significant difference in PGV and FPGV between the FM group and healthy controls (p=0.374 and p=0.421, 
respectively). In the correlation analysis, age was negatively correlated with PGV and FPGV in the FM group (r=-0.496, p=0.010; r=-
0.477, p=0.014, respectively). No significant correlation was detected between age, PGV and FPGV in the control group (r= 0.022, 
p=0.916; r= -0.019, p=0.925, respectively).
Conclusions: Based on the results, there was no significant difference between the FM group and healthy controls regarding PGV 
and FPGV. However, PGV and FPGV were decreased by advancing age in the FM group in which melatonin therapy is offered as 
an option. 
Keywords: Fibromyalgia syndrome, pineal gland volume, functional pineal gland volume, pineal gland magnetic resonance im-
aging

INTRODUCTION
The pineal gland is an endocrine organ adjacent to the posteri-
or wall of the third ventricle between the posterior and dorsal 
habenular commissures, accounting for the melatonin secretion 
and chronobiology that regulates circadian rhythm (1). Mela-
tonin is a hormone that regulates the sleep/wake cycle. There is 
a correlation between pineal gland volume (PGV) and melatonin 
secretion (2). It has been seen that individuals with a smaller PGV 
secrete less melatonin (3). It was suggested that “functional pa-
renchymal volume” (FPGV), which excludes cysts and calcifica-
tion from pineal gland volume, is actually responsible for mela-
tonin secretion (1, 4).

In previous studies, PGV was found to be lower in chronic system-
ic diseases such as obesity, primary insomnia, and schizophrenia, 

leading to an impaired sleep circadian rhythm when compared 
to the general population, suggesting that lower PGV may play a 
role in disease pathogenesis (2, 3, 5). 

Fibromyalgia (FM) is a clinical entity involving many symptoms 
such as chronic generalized pain, fatigue, sleep disorder, cog-
nitive dysfunction, and depressive episodes (6). Wikner et al. 
compared FM patients with healthy individuals and found lower 
levels of nocturnal melatonin secretion in FM patients (7). To the 
best of our knowledge, there is no study showing a relationship 
between PGV and FM, which influences daily quality of life and 
leads to depression and sleep disorders. 

In this study, we aimed to evaluate the relationship between FM 
and PGV and FPGV. 
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MATERIAL AND METHOD
Study Design and Participation
A cross-sectional experimental design was made to compare PGV 
and FGPV obtained by magnetic resonance imaging (MRI) in FM 
patients with healthy controls. The study was approved by the lo-
local Ethics Committee (Approval No: 2019/564-24.07). The study 
was conducted in accordance with the Helsinki Declaration and 
all participants gave written informed consent. 

The study included 26 patients (23 women and 3 men), who 
presented to the Physical Therapy & Rehabilitation and Rheuma-
tology outpatient clinics of the Kayseri City Hospital and were 
diagnosed as having FM based on the American College of Rheu-
matology (ACR) 2016 Diagnostic Criteria between September, 
2016 and December, 2019 and age-, sex-, and body mass index 
(BMI)-matched 26 healthy individuals (23 women, 3 men) as con-
trols (8). Patients with chronic systemic diseases,  inflammatory 
rheumatoid disease (rheumatoid arthritis, ankylosing spondyli-
tis, systemic lupus erythematosus, etc.), history of malignancy, 
history of autoimmune disorder, with psychiatric disorders such 
as depression or schizophrenia, and patients with regular or ex-
cessive alcohol consumption were excluded. 

All patients with FM were asked to answer the Fibromyalgia Im-
pact Questionnaire (validated in Turkish), which assesses phys-
ical function, occupational status, depression, anxiety, sleep, 
pain, stiffness, fatigue, and well-being (9, 10). The pain was as-
sessed using the Visual Analog Scale (VAS), which is rated by a 
0-100 mm ruler (0: no pain, 100, intractable pain). The patients 
were asked to mark on the ruler according to their pain level. The 
VAS score was defined as the distance from point 0 (no pain) to 
the point marked by the patient and recorded in mm (11). All 
subjects underwent MR imaging in accordance with the proto-
col. No complication was observed during the imaging studies. 

MR Imaging Protocol and Measurement of Pineal Gland Volume
All MRI exams were performed with a 3 T scanner (MAGNE-
TOM®, Skyra; Siemens Healthcare, Erlangen, Germany) using a 
multi-channel phased array head coil. The protocol was com-
posed of axial T1-weighted three dimensional magnetiza-
tion-prepared rapid acquisition gradient echo (3D MP RAGE) 
sequence (Time to echo, 3 ms; Time repetition, 22 ms; Flip an-
gle, 30°; Field of view, 200 mm; matrix, 256 × 256; slice thickness, 
0.5 mm), sagittal T1-weighted three dimensional magnetiza-
tion-prepared rapid acquisition gradient echo (3D MP RAGE) se-
quence (Time to echo, 2 ms; Time repetition, 20 ms; Flip angle, 
30°; Field of view, 180 mm; matrix, 256 × 256; slice thickness, 0.5 
mm), and axial T2-weighted fluid attenuated inversion recovery 

(FLAIR) sequence (Time to echo, 85 ms; Time repetition, 9000 
ms; Field of view, 100 mm; matrix, 256 × 256; slice thickness, 3 
mm). MRI images were reviewed by a radiologist with 15 years 
of experience in neuroradiology.  Pineal cysts were identified as 
circular areas isointense to the cerebrospinal fluid. The volume of 
the pineal glands and pineal cysts were calculated from the 3D 
MP RAGE images using the formula: 

Volume= X x Y x Z (AP x transverse x craniocaudal diameters) x 
0.523. 

For patients with pineal cysts, cyst volume was subtracted from 
the gland volume in order to find the functional gland volume.

Statistical Analysis
To evaluate the effect size, Cohen’s d coeficient was calculated for 
between- group variables that showed a significant change. An 
effect size of 0.20 to <0.50 was regarded as small, 0.50 to <0.80 
as medium, and >0.80 as large (12). To detect a clinically import-
ant difference of 30 mm3 on the PGV between groups, with an 
estimated SD of 20 mm3, 80% power, and 5% significance level 
using the Mann- Whitney U test, 24 participants were needed in 
each group. To account for dropout, 2 participants were recruit-
ed. Statistical analyses were performed using SPSS version 23.0 
(IBM, Armonk, NY, USA). Categorical variables were presented 
using descriptive statistics (frequency counts and percentages), 
while numeric items were summarized using mean ± standard 
deviation or median (IQR25-75). The normal distribution of data 
was assessed using the Shapiro-Wilk test and histogram. The 
chi-square test was used in comparisons between groups. A 
Student’s t test was used to compare variables with normal dis-
tribution while the Mann Whitney U test was used to compare 
variables with skewed distribution between groups. Spearman’s 
correlation analysis was performed for data with skewed distri-
bution and quantitative data. The variables used in Spearman 
correlation analysis were age, gender, BMI, symptom duration, 
VAS, Fibromyalgia Impact Questionnaire (FIQ), FGV, and FGPV. 
Statistical significance of correlation coefficients estimated was 
assessed by a determination coefficient of 0.01 and 0.05. A p val-
ue < 0.05 was considered as statistically significant. 

RESULT
In both the FM and control groups, there were 23 women (88.5%) 
and 3 men (11.5%). The mean age was 40.62 ± 9.02 years in the 
FM group and 37.42 ± 6.06 years in the control group (p=0.140). 
There were no significant differences in age, gender, and body 
mass index between the groups. Table 1 presents the demo-
graphic and clinical characteristics of the participants. 

No significant difference was detected in PGV and FPGV between 
the FM and control groups (p=0.374 and p=0.421, respectively; 
Table 2). In  correlation analysis, age was negatively correlated 
with PGV and FPGV in the FM group (r=-0.496, p=0.010; r=-0.477, 
p=0.014, respectively). No significant correlation was detect-
ed between age, PGV and FPGV in the control group (r= 0.022, 
p=0.916; r= -0.019, p=0.925, respectively). In the FM group, no 
significant correlation was detected between BMI, PGV and FPGV 
(r= -0.253, p=0.213; r= -0.236, p=0.245, respectively). In the FM 
group, no significant correlation was detected between dura-
tion of symptoms, PGV and FPGV (r= -0.112, p=0.587; r= -0.106, 

Main Points:

• This is the first study assessing PGV in patients with FM and 
healthy controls using MR imaging.

• There is no significant difference in PGV and FPGV between 
FM and control groups.

• Age was negatively correlated with PGV and FPGV in the 
FM group while no correlation was detected in the control 
group.
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p=0.606, respectively). In addition, no significant correlation was 
detected between BMI, PGV and FPGV in the control group (r= 
0.154, p=0.453; r= 0.127, p=0.536, respectively). In the correla-
tion analysis among VAS, PGV and FPGV, it was found that PGV 
and FPGV were reduced by increasing FIQ in the FM group but 
the difference did not reach statistical significance (r= -0.352, 
p=0.078; r= -0.344, p=0.085, respectively). Again, no significant 
difference was detected between FIQ and PGV and FPGV in the 
FM group (r= -0.261, p=0.199; r= -0.239, p=0.240; Table 3). Figure 
1a and 1b present correlation between age and PGV and FPGV 
in the FM group. Figure 1c and 1d present correlation between 
age and PGV and FPGV in the control group. Figure 2a and 2b 
present correlation between VAS and PGV and FPGV while Figure 
2c and 2d present correlation between FIQ and PGV and FPGV in 
the FM group.

Figure 1.  a and b, correlation between VAS, PGV and FPGV in 
FM patients; c and d, correlation between FIQ, PGV and FPGV in 
FM patients

Figure 2. a and b, correlation between age, PGV and FPGV in FM 
patients; c and d, correlation between age, PGV and FPGV in 
healthy controls

DISCUSSION
To the best of our knowledge, this is the first study assessing 
PGV in patients with FM and healthy controls using MR imaging. 
In the study, the major finding is that there were no significant 
differences in PGV and FPGV between FM patients and healthy 
controls. However, age was negatively correlated with PGV and 
FPGV in the FM group while no correlation was detected in the 
control group. 

Melatonin is a hormone secreted in lower concentrations during 
daytime and higher concentrations during nighttime by the 
suprachiasmatic nucleus (13). PGV is positively correlated with 
the number of pinealocytes responsible for melatonin secretion 
and is highly variable among healthy individuals. The reduction 
in PGV affects pinealocyte count, resulting in low melatonin lev-
el. In previous studies, a correlation was detected between PGV 
and melatonin level (14). Thus, it is thought that PGV may affect 
etiopathogenesis in chronic diseases that cause sleep/wake cy-
cle and lead affective disorders (2, 14, 15). In a study by Bumb 
et al. (3), PGV was assessed in patients with primary insomnia 
and healthy volunteers using MR imaging. It was found that 
PGV was significantly lower in patients with primary insomnia 
compared to healthy volunteers. In a study by Fındıklı et al. (16), 
PGV was found to be lower in patients with schizophrenia when 
compared to healthy volunteers. However, in the same study, 
no significant difference was detected in PGV when patients 
with unipolar depression and bipolar disorder were compared 
with healthy controls. In a study by Takahashi et al. (17), no sig-
nificant differences were detected in both total pineal volume 
and pineal parenchymal volume (excluding pineal cyst volume) 
between patients with major depression and bipolar disorders 
and healthy controls. In our study, no significant difference was 
detected between the FM group and health controls regarding 
PGV and FPGV. 

In a study performing Micro-structural analysis of the pineal 
gland using the trueFISP imaging technique, both parenchymal 
volume and volume of cystic structure in the pineal gland were 
analyzed. In the study, pineal parenchymal volume was obtained 
by subtracting cystic volume from total PGV. In conclusion, it was 
found that both PGV and pineal parenchymal volume were re-
duced by advancing age. However, another striking finding was 
that total cystic volume or number of cysts had no correlation 
with age in the study (18). In our study, we found that there was 
no correlation between age and pineal cystic volume or number 
of pineal cysts in both FM patients and controls in agreement 
with the literature. 

In the above-mentioned study by Bumb et al. (3), it was also 
found that there was a negative correlation between PGV and 
age in patients with primary insomnia but not in healthy con-
trols. In our study, a negative correlation was found between age 
and PGV in FM patients but no such relationship was detected 
in healthy controls. It is known that sleep quality is an import-
ant age-related change. Older individuals have shorter and more 
inefficient sleep (19). In a postmortem study on 80 cadavers, ef-
fects of age, height, and weight were investigated on PGV and 
suggested that effects of age on PGV can be negligible (20). 
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Table 1: Demographic and clinical characteristics of the participants

 Fibromyalgia (n=26) Healthy Control (n=26) p

Age (years), mean ± SD 40.62 ± 9.02 37.42 ± 6.06 0.140
Gender (F/M), n (%) 23/3 (88.5/11.5) 23/3 (88.5/11.5) 1.00
BMI (kg/m2), mean ± SD 28.54 ± 4.06 26.78 ± 5.00 0.169
Duration of symptoms (month), median (IQR 25-75) 36 (12 -60)
VAS pain score, mean ± SD 9.23 ± 1.07
FIQ score,  mean ± SD 77.20 ± 9.63   

FIQ: Fibromyalgia Impact Questionnaire; VAS: Visual Analog Scale; BMI: Body Mass Index; F: female; M: male; SD: standard 
deviation; IQR: interquartile range; (P < 0.05 considered statistically significant)

Table 2: Pineal gland volume and functional pineal gland volume in the control group and fibromyalgia group

 Fibromyalgia (n=26) Healthy Control (n=26) p

PGV, median (IQR 25-75 98.5 (72 - 177.75) 110 (91.25 - 150) 0.374

FGPV, median (IQR 25-75) 95.5 (72 - 177.75) 101.91 (86.93 - 139.99) 0.421

Cyst volume, median (IQR 25-75) 0.0 (0.0 - 4.44) 1.89 (0.0 - 9.99) 0.291

Number of cysts (yes/no), n (%) 11/15 (42.3/57.7) 14/12 (53.8/46.2) 0.579

PGV: Pineal Gland Volume; FGPV: Functional Pineal Gland Volume; SD: standard deviation; IQR: interquartile range; (p<0.05 
considered statistically significant).

Table 3: Spearman correlation analysis among age, body mass index, PGV, and FGPV in fibromyalgia and healthy control 
groups and correlation analysis among Duration of symptoms, VAS, FIQ, PGV, and FPGV in the fibromyalgia group 

 
Fibromyalgia Group Healthy Group

PGV FPGV PGV FPGV

      rs p-value rs p-value rs p-value rs p-value

Age -0.496** 0.010 -0.477** 0.014 0.022 0.916 -0.019 0.925

BMI -0.253 0.213 -0.236 0.245 0.154 0.453 0.127 0.536

Duration of symptoms -0.112 0.587 -0.106 0.606

VAS -0.352 0.078 -0.344 0.085

FIQ -0.261 0.199 -0.239 0.240     

Pineal Gland Volume; FGPV: Functional Pineal Gland Volume; BMI: Body Mass Index; VAS: Visual Analog Scale; FIQ: 
Fibromyalgia Impact Questionnaire; rs: Spearman’s correlation coefficients. (p < 0.05 considered statistically significant).

In our study, we failed to find a correlation between age and PGV 
in healthy controls; thus, we think that such a relationship can 
be neglected in healthy controls. However, a negative correla-
tion was detected between age and PGV in the FM group in our 
study. We think the correlation between age and PGV in the FM 
group is relevant in fibromyalgia syndrome in which sleep quali-
ty and efficient are decreased. 

This study has some limitations. Firstly, we did not assessed mel-
atonin levels when assessing PGV. However, in previous studies, 
nocturnal melatonin level was assessed in FM and found to be 
normal or low (7, 21).We designed this study without melatonin 
assessment due to concerns regarding cost as there is no previ-

ous study investigating correlation between FM and PGV. In PGV, 
it is known that pineal calcifications and pineal cysts are hormon-
ally inactive part (17). In our study, volume caused by pineal cal-
cifications was neglected although pineal cyst volume was taken 
into account. Computed tomography (CT) is required for precise 
assessment of pineal calcifications (22). We did not obtained CT 
scans due to additional cost and complications caused by ioniz-
ing radiation.

CONCLUSION
This is the first study assessing PGV in FM patients and healthy 
controls using MR imaging. Based on results, there is no signifi-
cant difference in PGV and FPGV between FM and control groups. 
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However, age has an impact on PGV and FPGV in the FM group. 
However, we concluded that age has negligible effect on PGV 
and FPGV in healthy controls. There is a need for further studies 
with larger sample size, which simultaneously evaluate mela-
tonin level, in order to assess PGV in patients with FM. 
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