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Abstract

A total of 80% of fibromyalgia (FM) population have reported poor sleep. In this regard, the
pineal gland, involved in circadian rhythm processes as a key neuroendocrine organ which
mainly synthesises and secretes melatonin, has never been studied before in this
population. Therefore, this study aimed to evaluate the parenchyma pineal volume and its rela-
tion to sleep hours, sleep quality index andmelatonin level at night. A total of 50 participants, 30
women with FM and 20 healthy control women underwent cranial magnetic resonance imag-
ing. The total pineal volume, cyst pineal volume and parenchyma pineal volume were manually
calculated in cubic millimetres. Also, the total pineal volume was estimated using Hasehawa
method. Parenchyma pineal volume was significantly correlated with sleep hours (p-value =
0.041) and nocturnal melatonin level (p-value = 0.027). Moreover, there was also a non-sig-
nificant correlation between parenchyma pineal volume and sleep quality index (p-value =
0.055). Furthermore, a mean parenchyma pineal volume of 102.00 (41.46) mm³ was observed,
with a prevalence of 29.60% cyst in FM group. This is the first study that has reported pineal
gland volumes, cyst prevalence and correlative relationships between parenchyma pineal vol-
ume and sleep hours and melatonin levels in women with FM.

Significant outcomes

– Fibromyalgia women showed a correlation between sleep hours and melatonin levels.
– Fibromyalgia and healthy control groups did not show differences in pineal gland

volumes.
– Fibromyalgia and healthy control groups show differences in cyst prevalence.

Limitations

– Only the correlation study betweenmelatonin and pineal volume in the fibromyalgia pop-
ulation could be performed.

– The study sample consisted only of women and was relatively small.
– During manual segmentation, adjacent structures can be included, which may affect

pineal volume.
– Some drugs used and comorbidities associated with FM can alter the production and

secretion of melatonin.
– This study did not consider the influence of the menstrual cycle on melatonin variation.

Introduction

Fibromyalgia (FM) is a chronic disease, which affects between 2.9% and 4.7% of the European
population (Branco et al., 2010), most of them being women (Walitt et al., 2015). FM is char-
acterised by widespread musculoskeletal pain associated with different symptoms, such as
sleeping problems, fatigue, depression, anxiety, stiffness and poor physical fitness (Wolfe
et al., 2010). All these symptoms have a significant impact on both the ability to perform
activities of daily living (Huijnen et al., 2015) and the quality of life of women with FM
(Mas et al., 2008). Sleeping problems have become one of the most important associated
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symptoms. In this regard, FM patients experience sleep disorder
(Wolfe et al., 1990) and sleep disturbances (Wu et al., 2017), and
almost 80% of FM population have reported poor sleep (Bennett
et al., 2007; Jacobson et al., 2015). This is relevant since sleep-
related problems are strongly associated with the severity of
the symptoms (Choy, 2015).

The pineal gland is a key neuroendocrine organ which mainly
synthesises and secretes melatonin (N-acetyl-5-methoxytrypt-
amine; Macchi & Bruce, 2004). This relevant hormone is involved
in several processes, such as the circadian rhythm (Korf, 1994; Acer
et al., 2011), the sleep–wake rhythm (Arendt, 2005; Acer et al.,
2011), mood regulation, anxiety, appetite, immune responses,
cardiac functions (Comai & Gobbi, 2014) and pain (Danilov &
Kurganova, 2016). It acts as a neuroprotector or antioxidant
(Alghamdi, 2018). In this regard, reliable non-invasive methods,
such as saliva sampling, and urinary metabolite of melatonin sam-
pling have been developed in both research and clinical fields
(Benloucif et al., 2008). These methods allow us to evaluate the lev-
els of melatonin production. In this regard, salivary melatonin can
be considered as a biomarker of circadian rhythm, thus improving
the diagnosis and treatment of circadian rhythm sleep–wake dis-
orders (Keijzer et al., 2014). Regarding melatonin levels of FM
patients, controversial results have been found when compared
with healthy controls (HCs), thus showing normal (Press et al.,
1998; Senel et al., 2013), increased (Korszun et al., 1999) and
decreased (Wikner et al., 1998) melatonin levels.

Regarding pineal gland morphology, alterations have been
reported in physiological and pathological conditions, including
a decrease of the pineal gland in obese people compared to lean
people (Grosshans et al., 2016) and a reduced pineal volume in
people with primary insomnia (Bumb et al., 2014), Alzheimer’s
disease (Matsuoka et al., 2017), schizophrenia (Fındıklı et al., 2015)
and major depressive disorder (Zhao et al., 2019). Moreover, in
healthy individuals, sleep rhythm disturbance correlated with
smaller pineal volume (Liebrich et al., 2014).

As previously mentioned, the main function of the pineal gland
is the production and secretion of melatonin (Macchi & Bruce,
2004). However, this function is altered by the calcification, a fre-
quent clinical finding that occurs in this small structure and which
has been associated with pathological conditions and ageing (Tan
et al., 2018). The pineal gland has one of the highest calcification
rates among organs and tissues (Yalcin et al., 2016; Tan et al.,
2018). Nevertheless, the mechanism that produces calcification
is not known with certainty, although several theories have been
proposed (Tan et al., 2018).

In the case of Alzheimer’s disease, it has also been observed that
reduced pineal volume and pineal gland calcificationsmay contrib-
ute to reduce melatonin secretion, sleep problems (Song, 2019)
and, therefore, cognitive impairment (Krause et al., 2017).

Another frequent magnetic resonance imaging (MRI) find-
ing is pineal cysts that usually occur between the ages of 21
and 30 years, decreasing, its prevalence, with age (Nolte et al.,
2010). It appears that cysts may also have a negative effect on
melatonin secretion by compressing the pineal parenchyma
(Nölte et al., 2009). In this regard, both calcifications and cysts
are considered hormonally inactive tissues and its volume is
usually excluded from the total pineal volume. This is based
on the results of previous studies (Nölte et al., 2009; Liebrich
et al., 2014; Sigurdardottir et al., 2016) which showed that volu-
metric alterations may affect melatonin activity, mainly related
to the pineal parenchymal volume (PPV) which is referred to
hormonal active pineal tissue.

Although sleep disorders in FM have been widely studied there
is, to the best of our knowledge, no study that evaluates the volume
of the pineal gland and its relation to sleep hours and melatonin
levels in women with FM. Therefore, this study was aimed to assess
the volume of the pineal gland as well as the relation between this
gland and levels of melatonin and sleep quality in women with FM.
We hypothesised that reduced pineal volumes would be correlated
with reduced levels of melatonin and sleep hours.

Subjects and methods

Participants

In this study, a total of 50 participants participated in this study.
A total of 30 women with FM were recruited by the Extremadura
Association of Fibromyalgia (AFIBROEX) in Cáceres by telephone
calls. All participants met the following inclusion criteria: (a) being
a 30- to 75 years old woman; (b) have been diagnosed with FM by a
rheumatologist according to American College of Rheumatology
2010 criteria (Wolfe et al., 2010) and (c) being able to communicate
with the study staff effectively; and (d) have understood and signed
an informed consent conform to the updated Declaration of
Helsinki. Moreover, participants were excluded if: (a) they were
pregnant; (b) they had any cerebral injury and (c) illegible MRI
sequences were obtained. In this sense, three participants were
excluded due to poor visibility of the pineal gland. Therefore, a
total of 27 participants of the FM were included in the present
study.

A total of 20 HC participants were selected by the OASIS-3 data
set (LaMontagne et al., 2018). The participants met the following
inclusion criteria: (a) female and ages between 42 and 60 years,
(b) height between 152 and 178 cm, (c) weight between 40 and
120 kg, (d) being cognitively normal and (e) have T1w MRI scan
with 3 tesla scanner.

According to the power calculation estimates using the PASS-
11 software (version 11; NCSS, LLC, Kaysville, UT, USA), a group
sample of 27 and 20 achieve a 100% power to detect a difference
of −7.7 at the 0.05 significance level (alpha) using a two-sided
Mann−Whitney test after 2000 Monte Carlo simulations.

All participants were verbally informed about the details
of the study and gave written informed consent to participate.
Participants underwent MRI in January 2018. All procedures were
approved by the Research Ethics Committee of the University of
Extremadura (approval reference: 62/2017) and were conducted
in accordance with the tenets of the updated Declaration of
Helsinki.

Image acquisition

The FM MRI scans were performed with a 3.0 tesla (T) system
(Achieva 3.0T TX, Philips Medical Systems, Best, Netherlands)
with eight channel receiver head coil. MRI data were obtained
using 3D T1-weighted Turbo Field Echo (T1-w TFE) sequence
(time repetition/time to echo = 11.51/2.8 ms; matrix size=
288 × 288; flip angle= 10°; slice thickness= 0.9 mm; number of
averages = 1). For the HC group, a system equipped with a 16-
channel head coil (Siemens TIM Trio or BioGraph mMR PET-
MR, Erlangen, Germany) was used. The MP-RAGE protocol of
TIM Trio scanner used the following parameters: TR/
TE= 2400/3.16 ms, ± 176 axial slices without slice gap and
1.0 mm nominal isotropic resolution (Field-of-view
(FOV) = 256 × 256 mm). The MP-RAGE sequence of BioGraph
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mMR PET-MR scanner used the following parameters: TR/
TE= 2300/2.95 ms, ± 176 axial slices without slice gap and 1.2-
mm nominal isotropic resolution (FOV = 256 × 256 mm).

Image processing

The 3D Slicer version 4.11.0 Nightly Build free software, to see at
https://www.slicer.org/, was used for processing the imaging data.
The 3D mask of each pineal gland was manually drawn by one
researcher (J.L.L.-L.), who was blind to the diagnosis and super-
vised by an experienced neuroradiologist, 10 years in neuroradiol-
ogy. Anatomical structures, such as the quadrigeminal cisterna
posteriorly, the posterior part of the third ventricle anteriorly,
the corpus callosum above, the superior colliculus below and pul-
vinars laterally (Moeller & Reif, 2007), were used as limits to draw
the pineal gland. The pineal glands were also classified according to
the size of the cyst, following the recommendations by Pu et al.
(2007): type 1 (pineal gland with no visible cyst), type 2 (pineal
gland with a visible cyst < 2 mm) and type 3 (pineal gland with
a visible cyst > 2 mm).

Volumetric measurements of each pineal gland were manually
drawn via slice-by-slice segmentation using the ‘Draw Effect’ tool
in the axial plane, with simultaneous side-by-side view of the sag-
ittal and coronal plane. The sum of these areas was added up to
determine the volumes of the pineal gland. The total pineal gland
area was obtained using ’Segment Statistics’ module to determine
the real volume (RV) of the pineal gland in cubic millimetres (see
Fig. 1). The cyst pineal volume (CPV) was also measured following
the same procedure used to measure the RV (see Fig. 1).
Additionally, the reference value of the pineal gland volume
(TPV) was estimated using the Hasegawa method by the formula
0.5 × H × L ×W (where W is the maximum width, L is the maxi-
mum length andH is the maximum height of the gland; Hasegawa
et al., 1987).

PPV was calculated as the subtraction of CPV-RV in the cases
where cysts were found. Moreover, when no cyst was observed the
PPV was calculated as follows: PPV= RV. Pineal calcifications

were not estimated when using T1 sequences, since it does not
allow a reliable identification (Adams et al., 2017).

A total of 20 participants, from the whole sample, were ran-
domly selected to determine the reliability of the pineal gland mea-
surements. These participants weremeasured twice with a time gap
of one month.

All T1-weighted images were analysed on a HP 840 eliteBook
(Version Windows 10, 8 GB, 2.60 GHz, Intel Core i7).

Fibromyalgia Impact Questionnaire

The revised Spanish version of the Fibromyalgia Impact Questionnaire
was used (Salgueiro et al., 2013) to evaluate the impact of FM-related
symptoms on daily living skills and general health status. The question-
naire has 21-item, and it is self-administered. The total score was mea-
sured from0 to 100, thus indicating the impact of the disease, 100 being
the highest score and meaning the worst state.

Pittsburgh sleep quality index

The Pittsburgh sleep quality index (PSQI) enabled us to assess the
sleep quality and disturbances of the participants over 1 month.
Seven components, with subscales ranging from 0 to 3, make up
the global score, which ranges from 0 to 21: subjective sleep quality,
sleep latency, sleep duration, habitual sleep efficiency, sleep dis-
turbances, use of sleep medication and daytime dysfunction
(Buysse et al., 1989). Higher scores represent poorer subjective
sleep quality. We used the Spanish version of the PSQI, which
has been validated for its use in patients with FM. (Hita-
Contreras et al., 2014).

Melatonin measurement

Participants’ salivary samples were collected in sterile biological
liquid collection tubes (Deltalab, Barcelona, Spain) on two consecutive
days at home (24 p.m.) in order to measure melatonin levels. All col-
lected samples were directly stored in a refrigerator at−80°C. In order
to avoid variability, all samples were analysed in the same batch. Direct

Fig. 1. T1-weighted Turbo Field Echo (T1-w TFE) imaging of pineal region illustrating: (A) solid pineal gland measured manually (hiperintense) and (B) cystic pineal gland mea-
sured manually (hipointense).

Acta Neuropsychiatrica 79

https://doi.org/10.1017/neu.2021.35 Published online by Cambridge University Press

https://www.slicer.org/,
https://doi.org/10.1017/neu.2021.35


Saliva Melatonin ELISA (Bühlmann, Schönenbuch, Switzerland) was
used to measure melatonin concentrations.

Participants were requested to follow their usual sleep habits
and to collect the salivary sample with dim lighting (<30 lux).
Moreover, they were instructed not to smoke, eat or drink during
the 60 min before the collection and to rinse their mouths with
water before collecting saliva.

No data were obtained on melatonin and sleep hours in HC
since this information was not available in the OASIS-3 data set.
In the same way, no data were available on the impact of FM, since
it did not apply to this population.

Statistical analysis

The SPSS statistical package (version 24.0 SPSS, Inc., Chicago, IL,
USA) was used to analyse the data. The data were analysed with
non-parametric methods for the results obtained from the
Shapiro−Wilk test. Intraclass correlation coefficient (ICC) two-
way random effects, consistency, single measurement was used
to explore the reliability of the measures (Weir, 2005).

The Mann−Whitney U-test was conducted to examine the
differences between groups (FM vs. HCs and FM with and with-
out pineal cyst) for each variable. Furthermore, chi-square test
was used to evaluate the prevalence of the existence of cysts
between groups as well as to evaluate the impact of the type of
cyst on PPV, years with FM, PSQI and sleep hours in people
with FM.

Finally, Spearman’s correlation coefficient was used for correlation
analysis of PPV with sleep hours, melatonin level at night and sleep
quality index in FM. Statistical significance was set at p= 0.05.

Results

Reliability or the pineal gland measurements

The reliability of the PGV and the RV was high. For the RV, the
ICC was 0.97 (95% CI 0.92–0.98), showing ‘excellent’ reliability.
Moreover, the ICC for the PGV was 0.90 (95% CI 0.76–0.96),
showing ‘moderate to excellent’ reliability. The classification by
Koo and Li (2016) was used for reliability estimation.

Demographic characteristics of the participants and differences
between groups, fibromyalgia impact and sleep quality

Table 1 shows the main characteristics of the participants of both
groups. Differences between FM andHC group were only observed
in height (p-value < 0.004; see Table 1). FM participants had a
mean of 10.46 (6.10) years from FM diagnosis. The fibromyalgia
impact questionnaire revised (FIQ-R) indicated that participants
had a value of 56.01 (17.94), which corresponds to mild severity
symptoms. The mean hours of sleep were 5.54 (0.97) (see Table 1).

Pineal gland volumes and melatonin levels

Table 1 shows the different pineal volumes measured by Hasegawa
method (TPV) and manually (RV and PPV). Cyst volume is also
reported (see Table 1).

The mean levels of melatonin at night were 14.56 (9.92) pg/ml
(see Table 1).

Table 2 shows the differences, within the FM group, between those
people in whom a cyst was detected or not. In this regard, people with
FMwith a pineal cyst showed statistically significantmore sleep hours
than people with FM without pineal cyst (p-value < 0.028).

Table 1. Descriptive characteristics of the participants

Variables Mean (SD) Mean (SD) Value of the contrast p-value

Demographic characteristics

FM HC

Sample size 27 20

Age (years) 53.56 (8.42) 53.45 (4.51) −0.280 0.779

Years with fibromyalgia n= 24 10.46 (6.10) N.A

Height (cm) 159.78 (6.47) 165.30 (6.17) −2.861 0.004

Weight (kg) 73.12 (16.91) 75.09 (19.00) −0.409 0.683

BMI (kg/m2) 28.55 (6.08) 27.47 (6.43) −0.280 0.780

Fibromyalgia impact and sleep quality

FIQ-R total score 56.01 (17.94) N.A

Hours of sleep 5.54 (0.97) N.A

Pittsburgh sleep quality index n= 21 11.71 (3.28) N.A

Melatonin levels and pineal gland volumes

Melatonin levels at night (pg/ml) n= 21 14.56 (9.92) N.A

Total pineal volume (mm³) 97.92 (49.75) 91.51 (56.51) −0.796 0.426

Real volume (mm³) 108.60 (52.14) 94.28 (37.87) −0.839 0.401

PPV (mm³) 102.00 (41.46) 94.28 (37.87) −0.559 0.576

Cyst pineal volume (mm³) 22.28 (21.35) 67.00 −1.162 0.245

BMI, body mass index; FIQ-R, fibromyalgia impact questionnaire revised; FM, fibromyalgia; HC, healthy control; PPV, pineal parenchymal volume.
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Prevalence and types of cyst

In the visualisationMRI sequences, 19 types I cyst (no visible cyst),
2 types II (< 2 mm) cyst and 6 types III (>2 mm) cyst were found
in the FM. Therefore, a 29.60% of cyst prevalence was established
in the FM group sample evaluated. On the other hand, 19 types I
cyst and 1 type III cyst were found in the HC group, showing a
5.00% of cyst prevalence (see Table 3). Differences between FM
and HC group were only observed in cyst prevalence (p-value
= 0.034).

Table 4 shows the impact, within the FM group, of the type of
pineal cyst on PPV years with FM, PSQI and sleep hours in people
with FM. Significant differences were not found in any of the stud-
ied variables (p-value > 0.05).

Correlation analyses

Table 5 shows the correlation analyses between pineal gland volumes,
sleep hours and melatonin levels in the FM group. A significant cor-
relation was found between PPV and sleep hours (p-value = 0.041).
Furthermore, a significant correlation was also found between mela-
tonin levels and the PPV (p-value = 0.027).

Discussion

The present study was aimed to investigate the pineal volume of
women with FM as well as to establish relationships between sleep
hours and nocturnal melatonin levels in this population.

To date, no volume reference data have been found in women
with this age range analysed by MRI. As a result, the mean PPV
was 102.00 with a prevalence of 29.60% cyst between women with
FM. Moreover, significant correlations were found between the
PPV and both sleep hours and melatonin level at night. In

Table 3. Prevalence and types of cysts found among different groups

Variable FM n (%) HC n (%) χ2 p-Value

Cyst prevalence 8 (29.60) 1 (5.00) 4.502 0.034

Type I cyst 19 (70.38) 19 (95.00) 3.562 0.059

Type II cyst 2 (7.40) 0 (0.00) 1.547 0.214

Type III cyst 6 (22.22) 1 (5.00) 2.689 0.101

FM, fibromyalgia; HC, healthy control; n, number of participants.
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Table 2. Differences between people with fibromyalgia in whom a cyst was
detected or not in the pineal parenchymal volume, years with fibromyalgia,
Pittsburgh sleep quality index and sleep hours in people with fibromyalgia

Variables
FM without
pineal cyst

FM with
pineal cyst

Value of
the con-
trast

p-
Value

PPV (mm³) 92.14 (31.98) 125.44 (53.51) −1.168 0.260

Years with FM 12.06 (6.41) 11.86 (3.48) −1.181 0.070

PSQI 11.65 (3.30) 11.86 (3.48) −0.224 0.852

Sleep hours 5.26 (0.77) 6.21 (1.11) −2.221 0.028

Melatonin levels
at night (pg/ml)

15.17 (10.60) 13.35 (9.08) −0.373 0.743

FM, fibromyalgia; PPV, pineal parenchymal volume; PSQI: Pittsburgh sleep quality index.
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addition, a non-significant tendency between PPV and the sleep
quality index obtained by PSQI was also noticed. Finally, no sig-
nificant differences were observed in PPV, TPV and RV between
the FM and the HC group. Only differences were observed in the
prevalence of cysts between the groups. Results from the present
study are relevant, since this is the first study that has reported
on correlations between variables, such as pineal gland volumes,
cyst prevalence and relationships between PPV and sleep hours
and melatonin levels in women with FM. In addition, no difference
in pineal volumewas observed in comparison with healthy women.

Our study showed a significant correlation between the active
pineal gland tissue (PPV) and both hours of sleep and melatonin
levels. Regarding pineal gland volume and sleep hours, previous
studies showed a significant correlation between sleep quality
and pineal gland volume in primary insomnia (Bumb et al.,
2014), major depressive disorder and HCs (Zhao et al., 2019).
Moreover, our results are also in line with previous studies focused
on melatonin levels. In particular, these previous studies found
associations between the production of melatonin and the PPV
in healthy people (Liebrich et al., 2014; Nölte et al., 2009). In addi-
tion, Liebrich et al. (2014) found an inverse correlation between
active pineal tissue and sleep rhythm disorder. In the same way,
the pineal volume was correlated with the morning 6-sulfatoxyme-
latonin levels (Sigurdardottir et al., 2016) in older adults.
Moreover, Riemann et al., (2002) found reduced nocturnal plasma
melatonin levels comparing primary insomnia and healthy indi-
viduals and poor quality of sleep in primary insomnia patients.
In a whole, considering our study and previous studies, the pineal
gland volume of women with FM could be related to reduced sleep
hours. Moreover, it might be associated with reduced nocturnal
melatonin releases, which may lead to a reduced quality of sleep.
However, more studies are needed to confirm this hypothesis.

FM patients usually experience sleep disorders (Bennett et al.,
2007; Jacobson et al., 2015), and this is associated with the severity
of the symptoms (Wolfe et al., 1990; C-oté & Moldofsky, 1997;
Mease et al., 2009; Mork & Nilsen, 2012; Choy, 2015). The pineal
gland is a key neuroendocrine organ that is located in the centre of
the brain and synthesises and secretes melatonin (N-acetyl-5-
methoxytryptamine; Macchi & Bruce, 2004) in its active tissue
(PPV). The melatonin is involved in circadian rhythm processes
(Korf, 1994; Acer et al., 2011), and therefore it is in relation with
sleep quality (Ferracioli-Oda et al., 2013). Thus, the reduction of
pineal volume is usually associated with a decrease in melatonin
levels, which can affect the lack of sleep (Song, 2019) and pain
(Danilov & Kurganova, 2016). Therefore, we hypothesised that
women with FM would show a reduced pineal gland volume.
Previous studies using MRI in healthy populations reported that
women have slight smaller pineal gland volumes than men (Sun

et al., 2009) and old males have bigger volumes than young
(Sigurdardottir et al., 2016). Results from our study show that
the average PPV, 102.00 (41.46), is consistent with previous liter-
ature and with the values obtained in the HC group. Comparing
this result with previous studies, we found that participants’ pineal
gland volumes were slightly lower than the pineal gland volumes
reported by Liebrich et al. (2014) 113 mm³ with 3.0 T MR and
Nölte et al. (2009) 125 mm³ by 1.5 T MR in healthy young male
population, but slightly high compared to the HC values 94.28
(37.87). Bumb et al. (2014) reported a pineal gland volumes much
smaller than us in primary insomnia, and Matsuoka et al. (2017)
controlling cyst volumes found 70, 90 and 111 mm³ in adults
(mixed men and women) older than 70 years old with Alzheimer’s
disease, mild cognitive impairment and healthy, respectively. Due
to the high variability of methods (e.g. MRI with different brands
and analysis) and populations in previous studies regarding pineal
gland volumes, the comparisons between studies have been cau-
tious. Therefore, the current study could not conclude that women
with FM have smaller pineal gland than healthy population,
thought women with FM reported sleep disorders and pain.
Further studies are warranted to fully determine the mechanisms
of the impact of FM in the size of this relevant neuroendocrine gland.

Due to the shape variability of the pineal gland through the vol-
ume data obtained in this study using the Hasegawa method, it
seems that it is not the most appropriate method to establish
the volume since an underestimation is performed, finding simi-
larities with previous studies (Sun et al., 2009). In the present study,
3D T1-w TFE image sequences were used to assess pineal gland
volumes, excluding cystic tissue, since it can be considered as hor-
monally inactive (Nölte et al., 2009). A pineal gland cyst was
observed in the 29.60% of women with FM. These results are sim-
ilar to the findings reported by Pu et al. (2007) 23% and Sun et al.
(2009) 25% in healthy adults. However, only 5% of the sample of
healthy women in this study showed a cyst. Pineal cyst is common
and frequently detected as an incidental finding (Petitcolin et al.,
2002; Nolte et al., 2010). Our results showed that people with FM
whom a cyst was detected reported more sleep hours than those
with FM in whom a pineal cyst was detected. However, no signifi-
cant differences in PPV and melatonin levels at night were
observed. Furthermore, when the FM sample was divided between
those who did not have a cyst, who had a cyst of less than 2 mm and
those who had a cyst of more than 2 mm, no significant differences
were observed in any of the variables studied (PPV, years with FM,
PSQI and sleep hours in people with FM). In this regard, although
pineal cysts are considered a hormonally inactive tissue, further
research on the effects of pineal cyst on pineal function is needed
to elucidate this question (Nölte et al., 2009). Moreover, pineal cal-
cifications were not estimated when using T1 sequences, since it
does not allow a reliable identification (Adams et al., 2017).
Therefore, future studies should evaluate the impact of pineal cysts
in the melatonin releases as well as the prevalence of pineal calci-
fications increasing the sample size of women with FM. For that it
would be interesting to use computed tomography and/or suscep-
tibility-weighted MRI, which allow detection of pineal gland calci-
fications (Adams et al., 2017).

The present study has some limitations, which should be con-
sidered. First, no analysis could be performed in the HC group on
sleep hours and melatonin levels since the OASIS-3 data set does
not have this information. Second, we included only women, so our
results cannot be generalised to male patients with FM. Third, the

Table 5. Relationship between pineal parenchyma volume (PPV) with sleep
hours, nocturnal average melatonin level and total score in the PSQI in the FMG

Variable
Sleep hours
(n= 24)

Melatonin at
night (n= 21)

PSQI
(n= 21)

PPV Correlation
coefficient

0.419* 0.481* −0.396

p-Value 0.041 0.027 0.055

FM, fibromyalgia; PPV, pineal parenchymal volume; PSQI: Pittsburgh sleep quality index.
*p-value lower than 0.05. For correlation analyses, Spearman’s correlation coefficient was
used.
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relatively small sample size likely reduced the statistical signifi-
cance of some of our results; it is possible that only the largest
differences had enough statistical power to reach significance.
Fourth, when performing manual segmentation, it is possible to
include adjacent structures to the pineal gland, and this affects
the final volume value. Therefore, we recommend to increase sam-
ple size and to include male patients with FM. Fifth, there are
numerous factors that can influence the production and secretion
of melatonin, such as age, pathologies, pharmacotherapy, exposure
to light and consumption of substances (alcohol or caffeine;
Aulinas, 2019). In people with FM, one of the most important fac-
tors might be pharmacotherapy, since some medications are used
to reduce some symptoms of FM and have been shown to cause an
alteration in the secretion and production of melatonin. For exam-
ple, some drugs used for the treatment of anxiety and depression
show increases in melatonin production. In the same line, other
drugs such as benzodiazepines, also used for the treatment of anxi-
ety, have shown a decrease in melatonin levels. On the other hand,
some non-steroidal anti-inflammatory drugs (NSAIDs) such as
ibuprofen or aspirin, often used to reduce pain, have been shown
to decrease melatonin production and secretion (Aulinas, 2019).
Nevertheless, both serotonin noradrenaline reuptake inhibitors
and NSAIDs are commonly used in the treatment of FM (Derry
et al., 2017; Welsch et al., 2018) and it is rare to find patients
who do not use these drugs. Sixth, there are possibly a number
of comorbidities, which could bemanifested along lifetime, associated
with insomnia that could impact FM symptoms such as depression,
anxiety and chronic pain. In this regard, it is important that future
studies take into account medications and comorbidities to clarify
how they can alter melatonin production and secretion. Finally,
another aspect that has not been controlled in this study has been
the menstrual period of the participants; however, to the best of
our knowledge, it appears that the current data to date on melatonin
and its variation during the menstrual cycle are inconsistent
(Aulinas, 2019).

Our present study found significant correlations between the
PPV and both sleep hours and melatonin levels at night in women
with FM. Moreover, a mean PPV of 102.00 (41.46) mm³ was
observed, with a prevalence of 29.62% cyst in this population.
Results from the present study are relevant, since this is the first
study that has reported pineal gland volumes, cyst prevalence
and correlative relationships between PPV and sleep hours and
melatonin levels in women with FM.
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