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Abstract: The etiopathogenesis of fibromyalgia (FM) and chronic fatigue syndrome (CFS) is not yet elucidated. Hypothalamo-
pituitary-adrenal (HPA) axis dysfunction is reflected in the hormonal disturbances found in FM and CFS. Some study groups have
introduced a novel hypothesis that moderate or intermittent intracranial hypertension may be involved in the etiopathogenesis of FM
and CFS. In these conditions, hormonal disturbances may be caused by the mechanical effect of increased cerebrospinal fluid pressure,
which hampers blood flow in the pituitary gland. Severe intracranial pressure may compress the pituitary gland, resulting in primary
empty sella (ES), potentially leading to pituitary hormone deficiencies. The aim of this narrative review was to explore whether similar
hormonal changes and symptoms exist between primary ES and FM or CFS and to link them to cerebrospinal fluid pressure
dysregulation. A thorough search of the PubMed and Web of Science databases and the reference lists of the included studies
revealed that several clinical characteristics were more prevalent in primary ES, FM or CFS patients than in controls, including
increased cerebrospinal fluid pressure, obesity, female sex, headaches and migraine, fatigue, visual disturbances (visual acuity and eye
motility abnormalities), vestibulocochlear disturbances (vertigo and neurosensorial hearing loss), and bodily pain (radicular pain and
small-fiber neuropathy). Furthermore, challenge tests of the pituitary gland showed similar abnormalities in all three conditions:
blunted adrenocorticotropic hormone, cortisol, growth hormone, luteinizing hormone, and thyroid stimulating hormone responses and
an increased prolactin response. The findings of this narrative review provide further support for the hypothesis that moderately or
intermittently increased cerebrospinal fluid pressure is involved in the pathogenesis of FM and CFS and should stimulate further
research into the etiopathogenesis of these conditions.
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Plain Language Summary
The cause of fibromyalgia (FM) and chronic fatigue syndrome (CFS) is not yet elucidated. Disturbances in the interactions between the
hypothalamus, pituitary gland, and adrenal glands (the hypothalamo-pituitary-adrenal (HPA) axis) in FM and CFS may result in
abnormal hormone production. However, a novel hypothesis proposes that moderate increases in cerebral and spinal fluid pressure may
underlie both FM and CFS. Increased cerebral pressure may impede blood flow in the pituitary gland, resulting in hormonal
disturbances. Indeed, it is well known that severely increased cerebral pressure can cause compression and flattening of the pituitary
gland, potentially leading to pituitary hormone deficiency, termed empty sella syndrome. The sella (turcica) is a saddle-shaped notch in
the bone at the base of the skull where the pituitary gland is located.

A search of the scientific literature revealed that increased cerebrospinal fluid pressure, obesity, female sex, headache and migraine,
fatigue, visual disturbances, vertigo, hearing loss, and widespread pain were all more prevalent in empty sella, FM and CFS patients
than in healthy individuals. Furthermore, it was demonstrated that the injection of substances to stimulate pituitary hormone
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production resulted in similar responses, including reduced cortisol, growth hormone, luteinizing hormone, and thyroid-stimulating
hormone production and increased prolactin production, in all three conditions compared to healthy individuals. The findings of this
review provide further support for the hypothesis that moderate or intermittent increases in cerebrospinal fluid pressure are involved in
the pathogenesis of FM and CFS and should stimulate further research into the causes of these conditions.

Introduction

Fibromyalgia (FM) and chronic fatigue syndrome (CFS) are overlapping pain conditions whose etiopathogenesis is not
yet elucidated. Hypothalamo-pituitary-adrenal (HPA) axis dysfunction is reflected in the hormonal disturbances found in
FM and CFS.'” Several study groups have previously proposed that mild or intermittent forms of intracranial
hypertension or cerebrospinal fluid pressure dysregulation may be involved in the etiopathogenesis of FM/CFS.**®
Indeed, idiopathic intracranial hypertension and FM/CFS have several clinical characteristic symptoms in common, such
as fatigue, widespread pain and paraesthesia, headaches, cognitive dysfunction, and brain fog.’

More severe cases of intracranial hypertension may cause significant compression of the pituitary gland, eventually
leading to empty sella (ES) on brain magnetic resonance imaging (MRI). ES involves the herniation of the subarachnoid
space within the sella turcica, associated with an elongated pituitary stalk and a flattening of the pituitary gland to less
than 2 mm. Partial ES is diagnosed when < 50% of the sella is filled with cerebrospinal fluid, and total ES is diagnosed
when >50% is filled with cerebrospinal fluid.

Primary ES is diagnosed in cases with unknown etiology when all secondary causes of ES are excluded, such as
previous surgical, pharmacological or radiotherapy treatment of the pituitary gland.’

Primary ES is not just a neuroradiological finding without clinical implications. Indeed, one or more pituitary
hormone deficiencies may be present in a significant proportion of patients with total and partial ES.'*"'* We hypothesize
that hormonal disturbances in FM/CFS can be the result of pituitary gland compression owing to intermittently or
moderately increased cerebrospinal fluid pressure, which impedes the blood flow in the pituitary gland and stalk.

The aim of this narrative review was to explore the similarities in clinical characteristics between primary ES and
FM/CFS.

Materials and Methods

PubMed and Web of Science (WOS) databases and the reference lists of the included studies were searched for English
language articles published from 1985 until 2022 using the terms empty sella, FM and CFS in combination with the
terms pituitary gland, increased cerebral pressure, growth hormone (GH), prolactin (PRL), cortisol, adrenocorticotropic
hormone (ACTH), thyroid hormones, and gonadal hormones. Data regarding symptoms and hormonal levels in patients
with primary ES, FM and CFS were compared and evaluated in reference to the hypothesis of a shared mechanism of
underlying increased or dysregulated cerebrospinal fluid pressure.

A Discussion of the Similarities Between Primary ES and FM/CFS
The similarities between primary ES and FM/CFS are listed in Table 1.

Cerebrospinal Fluid Pressure Dysregulation

In patients with intracranial hypertension, insufficient hormone secretion from the pituitary gland is caused by the
compression of the pituitary gland against the sella turcica and the compression and eventual stretching of the pituitary
stalk by the downward compression of the pituitary gland.®'"*® Thus, similar to pituitary compression by an adenoma
(secondary ES), increased cerebrospinal fluid pressure may hamper hormone production.'?

Primary ES is almost always secondary to dysregulation of intracranial pressure even when incidentally found in
asymptomatic cases. Idiopathic intracranial hypertension without papilledema is currently severely underestimated or
misdiagnosed because the upper limit of the current normal range is set too high and because of a largely unrecognized
high prevalence of asymptomatic cases. It has been suggested that the prevalence of idiopathic intracranial hypertension
without papilledema might be up to three times higher than that of idiopathic intracranial hypertension.”® A possible
mechanism that has been proposed is reduced intracranial compliance that precedes the increase in intracranial pressure
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Table | Similar Characteristics of Primary ES, FM and CFS

219 cm H,O

I. Cerebrospinal Primary ES FM CFS
Fluid Pressure
Dysregulation
Patients with pressure | 62%'° 53%* ® 50%°- Brain MRI: 55% show optic nerve sheath

dilation”

2. Hormonal

Primary ES versus controls

FM versus controls

CFS versus controls

somatotropic axis

Prolactin

levels

Challenge tests

Mean prolactin levels

Challenge tests

® Blunted GH response to GH-releasing hormone +
arginine in 8 of 20 primary ES patients (using BMI-
related cutoff limits)*?

® Blunted GH response to GHRH + arginine in |1 of
28 patients27

® Mildly but significantly increased in 10-37%''2¢2

30-349%2028-34
® No differences in IGF-13%3¢
® Suboptimal response of IGF-1 to
GH2031:32

Decreased?®*

No differences'®

Mildly significantly increased?? 334445
71% of patients with high PRL are
diagnosed with FM*

® Increased response to hypothalamic

releasing-hormones or

. 9
busplronew'4 50
® No differences in response to

hypoglycemia44

anomalies
HPA axis ACTH and cortisol ® Low ACTH and cortisol™'>'>1¢ ® Reduced morning peak ACTH and |® Reduced basal cortisol'
levels ® Reduced cortisol in up to 62%'*'” cortisol '®'?
® Reduced basal cortisol'
Challenge tests - ® Blunted ACTH response to CRH* |® Blunted cortisol response to dexamethasone +
® Blunted ACTH response to CRH*
hypoglycemia®' ® No difference in the ACTH and cortisol response
to CRH or naloxone??
Aldosterone levels - - Reduced***
Hypothalamo-pituitary | Mean GH and IGF-1 ® Reduced GH in up to 60%'"'426%7 ® Reduced basal GH or IGF-1 in |® Reduced nocturnal GH*’° — Reduced basal IGF-

| 37,40

® No differences in basal IGF-13>384!
® Reduced GH
hypoglycemia40

response to insulin-induced

® Reduced GH response to insulin-induced hypo-
glycemia in 73 nonobese CFS patients versus 21
nonobese controls*®

® No differences'®3%47

® Significantly highere’a'48

® [ncreased response to buspirone5I

(Continued)
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Table | (Continued).

I. Cerebrospinal Primary ES FM CFS
Fluid Pressure
Dysregulation
Hypothalamo-pituitary | Mean hormone levels |® Decreased FSH, LH and sex hormone ® Increased LH and FSH* ® No significant differences in FSH, LH, estradiol, or
gonadal axis ® Erectile dysfunction in 100% of male patients ® Decreased estrogenzo""3 progesterone levels were documented'85%3
® |rregular menses in 40% of female patients'®'>'*'® |® No difference in testosterone™
® No differences in FSH, progester-
one, or estradiol or the pulsatile
secretion of LH'8*?
Challenge tests - Blunted LH response to LHRH? -

Hypothalamo-pituitary | Mean hormone levels |® Decreased TSH, similar free T4 and free T3** Increased TSH*? ® Increased TSH, normal thyroxine®®

thyrotropic axis

3. Obesity

4. Female sex

5. Headaches

6. Fatigue
7. Ophthalmological

abnormalities

8. Vestibulocochlear
disturbances

Challenge test

Prevalence

Female:male ratio

Prevalence

Visual disturbances

Retinal nerve fiber
layer thickness

Vertigo prevalence

® Decreased TSH, free T4 and free T3 37%'4
® Abnormal (decreased or delayed/exaggerate) TSH
response to TRH in 79%>*

50% of patients'%>¢

5:1-6:1%'"26
Nonspecified type: 59%'' to 88%'°

Fatigue is reported (no percentages provided)'*'>%742
® Worse visual acuity: 13-37%

® Blurred vision: 29%

® Diplopia: 2%

® Oculomotor nerve defects: 1%

Thinner®’

® Vertigo in 50%%°
® Prevalence of ES in Meniere’s disease: 46%’°

Normal TSH, T3, and T4*°

Decreased TSH and
2049

thyroxine

response to TR

® 43% of patients in the USA, 32% in

Europe, 22.1% in Asia”’

® Prevalence of FM in obese individuals:

37-51% versus 4% in the general
population
9:1%

® Migraine alone: 48%,
® Tension type: 32-59%, (probable

. 61,62
analgesic overuse: only 8%)

Core symptom

Blurred vision: 46%

Peripheral visual field loss: 10%
Oculomotor nerve defects: 3%
Diplopia: 15%%*

Thinner®®

® Dix-Halpike maneuver in 24 patients

elicited positional rotary vertigo in
21%"

® Vertigo: 30% to 84%¢*7

® Normal TSH, decreased T3 in 16%°

Odds ratio of being obese in > 15,000 |6-year-old

CFS patients: 4.1°8

9:1¢°
® Migraine: 84%

® Tension type: 81% (compared to 5% and 45%,

respectively, in healthy controls)®?
Core symptom

® Eye movement dysfunction®>%®

Not reported

® Below average performance in dynamic posturo-

graphy tests requiring patient to depend heavily

on the vestibular system73
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9. Bodily pain

Hearing loss

prevalence

® 89% (78% of these have sensorineural hearing loss)®’

Radicular pain’®®3

Radicular pain + ES®*

Allodynia in 50% of patients with

hypertension®
No reports on small-fiber neuropathy

intracranial

® Radiculopathy

Sensorineural hearing: 15%

® Abnormal auditory brain stem

responses: 30%”*

Audiological  testing  significantly
worse in FM”®

1.5-fold risk of hearing loss and
greater sensorineural hearing loss”®
Higher likelihood to report hearing

loss (OR 4.6)”7

86,87

® Small-fiber neuropathy in 41% vs

4% in healthy individuals®®
Meta-analysis of 20 studies (903
patients): 49%%°

Not reported

® Pain is common?®?!

® Probable small-fiber neuropathy in 31% of CFS
patients with low cardiac filling pressures during

exercise”>
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and that may already be pathologic in cases lacking a detectable increase in intracranial pressure at lumbar puncture.
Hence, opening pressure values greater than 25 cm H2O are not required (and potentially misleading) in diagnosis of
idiopathic intracranial hypertension without papilledema.’*

Intracranial hypertension involves a spectrum that begins with milder and intermittent forms that progress into ES and
ends with more severe forms of idiopathic intracranial hypertension, presenting with papilledema, severe headache and visual
field defects. Indeed, only 8 to 15% of patients with ES progress to develop these severe idiopathic intracranial hypertension
symptoms, but in contrast, up to 94% of patients with severe idiopathic intracranial hypertension already show ES.’

Using a lumbar constant-rate infusion test, pressure anomalies were revealed in 109 (77%) of 142 primary ES
patients: pathological resting intracranial pressure (range 19-35 cm H20) in 88 patients (62%) and a reduction in the
cerebrospinal fluid absorption rate despite normal basal intracranial pressure in 21 patients (15%)."°

In patients with FM/CFS, moderately high cerebrospinal fluid pressures were found during lumbar puncture. In 30
patients with chronic widespread pain or FM, the mean cerebrospinal opening pressure was 19.7 cm H20 (range 11—
32 cm H20). Sixteen patients (53%) exhibited a pressure >19 cm H20. Moreover, spinal fluid evacuation temporarily
improved bodily pain in 21 of 30 patients (70%).*

Similar results were seen in patients with CFS. A lumbar puncture in 20 patients revealed a mean cerebrospinal fluid
pressure of 19 cmH20 (range 1241 cmH2O0). Ten patients (50%) exhibited a pressure >19 cm H2O. Spinal fluid
evacuation temporarily improved headaches in 17 CFS patients (85%).°> Additionally, brain MRI in 205 patients with

CFS revealed an increased optic nerve sheath diameter as a sign of intracranial hypertension in 55%.’

Hormonal Anomalies in Primary ES and FM/CFS

The anterior lobe of the pituitary gland releases PRL, GH, ACTH, follicle-stimulating hormone (FSH), luteinizing
hormone (LH) and thyroid-stimulating hormone (TSH) (Table 2). The posterior lobe of the pituitary gland stores and
releases the hormones produced by the hypothalamus—antidiuretic hormone (ADH) and oxytocin. The pituitary
stalk contains the vascular connections between the hypothalamus and the pituitary gland and the neuronal connections
between the pituitary gland and the brain. A disruption of the blood flow in the pituitary gland or of the connections in
the stalk due to compression from increased cerebrospinal fluid pressure may result in a disturbance of pituitary hormone
secretion. Moreover, increased pressure on the pituitary tissue may also lead to functional insufficiency of the pituitary

cells.*?

Table 2 Overview of the Hypothalamic and Pituitary Hormones

somatotropic axis

gonadal axis

Hypothalamo-pituitary
thyrotropic axis

hormone)

(GnRH)

TRH

Follicle-stimulating
hormone (FSH)
Thyroid-stimulating
hormone
(thyrotropin - TSH)

Axis Hormones Secreted by the Hormones Secreted Endocrine Most Important
Hypothalamus by the Anterior Lobe Glands Hormones Secreted by
of the Pituitary Gland the Endocrine Glands
Hypothalamo-pituitary Corticotropin- releasing hormone | Adrenocorticotropic Adrenal Glucocorticoids (cortisol)
adreno-cortical axis (CRH) hormone (ACTH) glands Mineralocorticoids
(aldosterone)
Hypothalamo-pituitary GHRH (growth hormone-releasing | Growth hormone (GH) Liver Insulin-like growth factor-1

Prolactin (PRL) has no Dopamine inhibits PRL secretion PRL (Lactotrophic

endocrine axis as it acts Thyrotropin releasing hormone cells in the

directly on nonendocrine (TRH) stimulates PRL secretion breast)

cells

Hypothalamo-pituitary Gonadotropin- releasing hormone | Luteinizing hormone (LH) | Gonads Gonadal steroid hormones

Thyroid gland

(IGF-1)

(estradiol or testosterone)
(Production of sperm and eggs)
Thyroid hormones
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An examination to evaluate pituitary function includes blood tests of hormone levels. However, stimulation tests are
required for a more comprehensive examination of the adrenocortical axis and somatotropic axis.”'"*® Some degree of
hypopituitarism (one or more hormone deficiencies) is present in two-thirds of patients with total primary ES and is

present in an important number of patients with partial primary ES.'*'*

The Hypothalamo-Pituitary Adrenocortical Axis (HPA Axis)

Corticotropin releasing hormone (CRH) from the hypothalamus stimulates the secretion of ACTH, which in turn leads to
the adrenal secretion of cortisol and aldosterone. ACTH deficiency in association with primary ES has been reported in
several case studies. Low ACTH levels in primary ES were found to be associated with low cortisol levels.”'*'>!® Low

cortisol levels were found in up to 62% of patients with primary ES.'*!7

In CFS/FM, reduced ACTH and cortisol levels are found during the morning physiological peak ACTH secretion.'®'
A meta-analysis of 85 studies found a significant reduction in basal cortisol levels in male and female patients with CFS
and in female patients with FM compared to healthy controls.'

A pituitary challenge test in FM using a CRH injection demonstrated a blunted ACTH response.”’ Additionally,
a significant 30% reduction in the ACTH responses to hypoglycemia was observed in women with FM.?!

Globally, a pituitary challenge test in CFS patients using low-dose dexamethasone and CRH combined reduced
cortisol responses.> Conversely, another study using a challenge test with CRH or naloxone detected no difference with
respect to the ACTH and cortisol response in CFS patients and healthy individuals.?

Furthermore, two studies also found significantly lower aldosterone levels in patients with CFS than in controls.***’

In a narrative review, Cleare®' found no changes in HPA axis function during the onset and early stages of CFS.
According to our hypothesis, this late effect on the HPA axis may be due to the limited effect of the moderately increased
cerebrospinal fluid pressure in the early stages, whereas longstanding increased cerebrospinal fluid pressure is more

likely to affect pituitary function.

The Hypothalamo-Pituitary Somatotropic Axis

GH stimulates the liver to secrete insulin-like growth factor-1 (IGF-1). Therefore, IGF-1 levels are a surrogate marker for
GH secretion. IGF-1 mediates the anabolic and growth-promoting effects of GH. It has been postulated that GH
deficiency is an early event in patients with primary ES and that this deficiency could be related to the anatomical
disposition of the cells within the anterior pituitary that produce GH, which could make these cells more vulnerable to
increased pressure. However, some authors suggest that obesity might play a role because of its action in decreasing GH
secretion.'!

GH deficiency is one of the most common pituitary disorders associated with primary ES.”*° When the GH levels of
patients with primary ES were compared with those of healthy individuals, most studies reported decreased levels in up
to 60% of patients.'!:!42%-27

The stimulation of the pituitary gland using growth hormone-releasing hormone (GHRH) + arginine elicited a lower
GH response in 40% of primary ES patients than in controls. In this study, BMI-related cutoff limits were used; thus,
weight did not play a role.*” GHRH + arginine injection also revealed GH/IGF-I axis dysfunction in 39% of adults with
primary ES.*” Serum IGF-1 levels in primary ES patients were positively correlated with pituitary volume.'®

In FM, approximately 30-34% of patients present lower levels of basal GH or IGF-1 than healthy individuals.** > In
a review of 26 studies, overall, low levels of IGF-1 and often a suboptimal response to GH stimulation tests were
documented in patients with FM.?*>'*? Two studies did not find any differences in IGF-1 levels between patients with
FM and healthy controls.***

In patients with CFS, lower nocturnal levels of GH®>’>° or lower levels of IGF-1 than in controls were
documented.’”*® Other studies found no differences in basal IGF-1 levels.****!' However, challenge tests in CFS
patients revealed a reduced peak value GH response to insulin-induced hypoglycemia versus controls*® and in nonobese
CFS patients versus nonobese controls.*® Thus, in the latter study, obesity did not interfere with the results.
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Prolactin (PRL)

Dopamine, produced in the hypothalamus, is an inhibitor of pituitary PRL secretion, whereas thyrotropin releasing

hormone (TRH) is a stimulator. Hyperprolactinemia, usually mild (less than 50 ng/mL), is probably the most common
endocrine disturbance in patients with primary ES, with an incidence from 10 to 37.5%. The proposed mechanism is

pituitary stalk compression due to increased cerebrospinal fluid pressure, with a subsequent decrease in dopamine.'!-*¢42

2843 or similar'® or slightly higher PRL

In FM, the PRL serum levels vary across studies. Compared to controls, lower
levels®~?***> have been documented. On the other hand, aFM diagnosis was highly prevalent in patients with high PRL
serum levels. In a study of women with hyperprolactinemia, 71% were diagnosed with FM versus only 4.5% in women
with normal PRL levels.*®

When challenging the pituitary gland in FM patients using an injection of a cocktail of hypothalamic releasing
hormones or an injection of buspirone, a higher PRL response was elicited in FM patients than in controls.?****° Similar
to ES, the PRL response to buspirone in FM has been suggested to be mediated through the antagonistic effects of
dopamine.®® During a hypoglycemia challenge test in FM patients, the PRL response showed wide interindividual
variation and did not differ between patients and controls.**

In CFS patients, PRL serum levels also vary across studies. Compared to controls, similar®®***’

or significantly
higher levels have been reported.’®**® Similar to FM, stimulating the pituitary gland with buspirone significantly
increased the PRL response in male CFS patients compared to controls.”’

According to our hypothesis, moderately increased cerebrospinal fluid pressure in FM/CFS may be involved in the
dysfunction of the pituitary gland and the pituitary stalk. The intracranial pressure in FM and CFS may not be high
enough to significantly change basal PRL levels, explaining the variability across studies. However, challenge tests may

expose minor pituitary dysfunction in FM/CFS, such as increased PRL secretion due to decreased dopamine availability.

The Hypothalamo-Pituitary Gonadal Axis
Gonadotropin-releasing hormone stimulates the pituitary gland to produce and secrete LH and FSH. These hormones
stimulate the ovaries to produce estrogen and progesterone or the testicles to produce testosterone.

Blood samples from primary ES patients showed significantly decreased FSH, LH and sex hormone levels.
Additionally, erectile dysfunction was reported in 53—100% of male patients, and irregular menses were reported in
40% of female patients.'®'>'*'® The latter symptoms may be indications of abnormal hormone levels.

The results of comparisons of the LH, FSH, and sex hormone levels in patients with FM versus healthy controls vary

20,43 . .
*? no difference in

across studies, with higher serum levels of LH and FSH;* significantly lower estrogen levels;
testosterone levels;* and no differences in FSH, progesterone, or estradiol levels or the pulsatile secretion of LH all
being reported.'®>? However, there was a significant blunted LH response to challenge with LHRH in FM patients, while
the increase in FSH did not differ compared to that in controls.?’

In CFS, no significant differences in FSH, LH, estradiol, or progesterone levels were documented.'®>%% The findings

of challenge tests were not reported.

The Hypothalamo-Pituitary Thyrotropic Axis

In one study in primary ES patients versus controls, TSH serum levels were lower in ES patients, but the mean serum
free T4 and free T3 values were similar.”* Another study found lower TSH and lower free T4 and free T3 levels in 37%
of primary ES patients than in controls."* Moreover, abnormal (impaired, or exaggerated/delayed) TSH responses to
exogenous TRH injection were found in 79% of patients with primary ES when compared to healthy individuals.’* In 38
patients with asthenia, an MRI and endocrinological evaluation revealed 22 (58%) patients with ES (6 complete ES and
16 partial ES). In this study, TSH and T4 serum levels were lower in the ES group and partial ES group than in the
asthenia patients with normal pituitary size. TSH serum levels were not correlated with pituitary size.”’

In FM/CFS patients, TSH levels vary across studies. In one study in patients with FM, basal TSH serum levels were
significantly higher than those in controls,*® whereas another study demonstrated normal TSH and normal basal T3 and
T4 levels.* Significantly higher serum TSH levels were found in CFS patients than controls, whereas the free thyroxine
level of CFS patients was comparable to that of controls.*® In a case—control study in CFS patients, free T3 was below
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the reference range in 16% of patients versus 7% of controls (odds ratio (OR) 2.56), whereas TSH was in the normal
range.”
A challenge test in FM patients using intravenous injection of TRH elicited a lower TSH and thyroid hormone

20,49

secretion response, which is a similar response to TRH as in primary ES patients. To our knowledge, no challenge

tests have been reported for CFS patients.

Conclusion on Hormone Serum Levels and Challenge Test Responses in
Patients with Primary ES, FM and CFS

Lower pituitary hormone levels have been documented in a significant proportion of patients with primary ES than in
healthy controls, indicating pituitary insufficiency. On the other hand, in primary ES, PRL serum levels were elevated
due to insufficient supply of the PRL inhibitor dopamine to the pituitary gland.

The results of comparisons of ACTH, cortisol, GH, FSH, sex hormone, TSH, and PRL levels in patients with FM/
CFS versus healthy individuals vary across studies. These disparities among studies may be due to the limited number of
studies performed, the limited number of patients in the studies, diurnal variation, and the methods used. However,
according to our hypothesis, the milder form of intracranial hypertension in FM/CFS than in ES will likely have less
impact on basal pituitary hormone secretion.

Nevertheless, when using challenge tests to evaluate pituitary function, the hormone level responses in patients with
FM/CFS are generally the same as in patients with primary ES. In patients with FM/CFS, challenge tests may identify
minor pituitary dysfunction, such as a blunted ACTH and cortisol response, a blunted GH response, an increased PRL
response (due to a lack of dopamine), a blunted LH response, and a blunted TSH response to the stimulation of the
pituitary gland.

Obesity
In obese patients, excess visceral fat raises intra-abdominal pressure, which leads to decreased thoracal distensibility and
increased intrathoracic pressure. Consequently, pleural and cardiac filling pressures increase, which obstructs venous
return from the brain, leading to increased intracranial pressure.” Additionally, morbid obesity can induce hypoxia and
hypercapnia, which may be associated with chronically elevated cerebrospinal fluid pressure.''*” Hence, 50% of primary
ES patients are obese.”®

Obesity is also a prevalent comorbidity in patients with FM/CFS. A systematic review of studies found that the
overall prevalence of obesity in FM patients ranged from 43% in the USA to 32% in Europe and 22.1% in Asia. On the
other hand, the prevalence of FM in obese individuals was between 37 and 51% compared to 4% reported in the general
population. The majority of studies also demonstrated that obesity is associated with worse FM symptoms, including
severe pain, a higher number of tender points, stiffness, fatigue, poor physical functioning/disability, poor sleep,
cognitive dysfunction, and lower quality of life.””

An observational study in a large cohort of 16-year-old CFS patients demonstrated that adolescents with CFS were
four times more likely to be obese than healthy adolescents of the same age.”®

Obesity has been identified as a risk factor for FM.>” Moreover, obesity has been identified as a risk factor for HPA
axis dysfunction in FM patients.***' According to our hypothesis, as obesity increases intracranial pressure, it may

increase the risk for developing FM and primary ES.

Female Sex

Primary ES, FM and CFS are significantly more prevalent in female patients. The female-to-male sex ratio of primary ES
ranges from 5:1?° to 6:1.>!" The female-to-male sex ratio in both FM>® and CFS is estimated to be 9:1.°° The reason for
this overrepresentation of women is not yet known.
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Headaches
The predominant symptom in primary ES is headache, which is the main reason for imaging tests. Headache has been
reported in between 59% and 88% of patients.'*'!2%69

According to De Simone et al,”® increased intracranial pressure is likely involved in the progression of migraine in
most patients diagnosed with unresponsive chronic migraine. Indeed, in unresponsive migraine patients, lumbar puncture
with cerebrospinal fluid withdrawal resulted in sustained remission of chronic migraine pain in 77%.”

FM/CEFS patients also often suffer headaches and migraines. An observational study in FM patients reported a 29%
prevalence of migraine and a 59% prevalence of tension-type headache.®’ An epidemiological study reported a high
prevalence of headaches in patients with FM. Chronic headache was reported by 76% of patients, with 84% patients
reporting substantial or severe impact from their headaches. Migraine was diagnosed in 63% of FM patients who
reported headaches, with probable analgesic overuse headaches in only 8%.% In a cross-sectional study in patients with
CFS, the prevalence of migraine headaches was 84%, and that of tension-type headaches was 81% compared to 5% and
45% in healthy controls, respectively.®®

Fatigue
Fatigue is a common symptom in primary ES patients.'?'>*”*> Additionally, an MRI study in patients with asthenia as
the main complaint revealed that 58% of patients had ES.°” Fatigue may be due to hormonal disturbances®’ or to
increased intracranial pressure.®

In FM/CFS patients, fatigue is one of the core symptoms.>”>

Ophthalmological Abnormalities

A comprehensive review on ES syndrome revealed that ophthalmological disturbances included visual acuity worsening
(13-37%), blurred vision (29%), diplopia (2%), and defects in the oculomotor nerve (1%). The ophthalmological signs in
primary ES syndrome were mainly due to the presence of increased intracranial pressure.” Additionally, an analysis using
optical coherence tomography revealed that the retinal nerve fiber layer thickness of asymptomatic ES patients was
thinner than that of controls. The authors assumed that ischemic and mechanical mechanisms rather than a mass effect on
the optical nerve may be the cause of these abnormalities.®’

In FM, retinal nerve fiber thinning,®® decreased optic disc perfusion,'®*'%" blurred vision (in 46%),°* and visual field
defects® have been detected. According to our hypothesis, similar to primary ES, these abnormalities may be due to
perfusion changes in the optic nerve due to the mechanic and ischemic effects of moderately or intermittently increased
intracranial pressure.

Additionally, diplopia (eye motility dysfunction) has been reported in FM®*'? and CFS.®>® According to our
hypothesis, eye motility dysfunction in FM may be caused by the forced filling of the third, fourth or sixth cranial nerve
with cerebrospinal fluid due to increased intracranial pressure.’

Vestibulocochlear Disturbances
In primary ES patients, dizziness, syncope, cranial nerve disorders, convulsions, and depression have been reported in
approximately 40% of patients.”>® In a case—control study, the prevalence of partial or total ES in patients with
Meniere’s disease was 46%. There was also a high prevalence of radiographic signs of intracranial hypertension in
patients with Meniére’s disease.”® The neurological signs in patients with primary ES syndrome are predominantly due to
the presence of increased intracranial pressure: values from 19 to 33 cm H20 were found to be insufficient to provoke
a clear case of intracranial hypertension but sufficient to maintain the neurological symptoms of primary ES syndrome,
such as headache and visual disturbances.” Up to 89% of patients with primary ES are diagnosed with hearing loss, most
frequently sensorineural hearing loss (78%).%

In FM patients, a Dix-Halpike maneuver elicited positional rotary vertigo in 21%.”" Additionally, 30% to 84% of FM
patients report vertigo.®*’? FM patients have a higher likelihood of reporting hearing loss than controls (OR 4.6).”” In
a nationwide population-based retrospective cohort study in patients with FM, the overall hearing loss risk was found to
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be 1.5-fold higher than that in a non-FM group after adjustment for sex, age, and comorbidities. Specifically, similar to
primary ES, significantly greater sensorineural hearing loss was detected in patients with FM than in those without FM.”®
Other studies in FM patients versus controls found worse audiological test results in FM patients versus controls.”*”>

Vestibular function testing in CFS patients revealed that patients performed below average in dynamic posturography
testing, especially in tests requiring individuals to depend heavily on the vestibular system.”® To our knowledge, there are
no studies on hearing loss in patients with CFS.

In intracranial hypertension, hearing loss and vertigo may result from the forced filling of the middle and inner ear
with cerebrospinal fluid via the cochlear aqueduct. When a lumbar puncture was performed in patients with idiopathic

intracranial hypertension, vertigo, dizziness, fluctuating hearing loss, tinnitus, and aural fullness improved.'®

Bodily Pain

Whereas bodily pain is a core symptom in FM/CFS, it is less well known that idiopathic intracranial hypertension is
associated with bodily pain. Allodynia, defined as the perception of pain or discomfort induced by non noxious stimuli,
has been reported in 50% of patients with intracranial hypertension.®> Additionally, neck pain, backpain, and radicular
pain due to the forced filling of the nerve root sheaths with cerebrospinal fluid have been reported in patients with
intracranial hypertension.” %4

Bodily pain in FM/CFS has been attributed to the mechanism of central nervous sensitization. However, in FM,
electrodiagnostic assessments have detected radicular abnormalities in the majority of patients.***” Additionally, a meta-
analysis of 20 biopsy studies including 903 FM patients revealed small-fiber neuropathy in up to 49% of FM patients.®’
Small-fiber neuropathy is the consequence of damage to the fibers that are responsible for nociceptive processing and
may produce debilitating pain.

According to our hypothesis, in the same way that the thinning of the optic nerve fiber layer in primary ES is due to
ischemic and mechanic mechanisms,®” small or large nerve fibers or neurons may be damaged in the dorsal root ganglion
due to ischemia and mechanical stress from increased cerebrospinal fluid pressure.

Pain is also a common complaint in patients with CFS.?® The 2011 International Consensus Criteria on CFS describe
pain with neuropathic characteristics (sharp, shooting, burning) as a common symptom in CFS.?" Skin biopsy studies or
electrodiagnostic tests have not been reported in CFS. One study in CFS patients with low cardiac filling pressures during
exercise indirectly suggested small-fiber neuropathy in 31% of patients.”>

Limitations

The hormone level variability among studies may be due to the paucity of available studies and the often limited sample
sizes and different methodologies used in the studies. However, almost all of the studies demonstrate similar responses to
pituitary challenge tests in primary ES and in FM/CFS.

Conclusions
In this narrative review, we found several disease characteristics that are similar in primary ES and FM/CFS. Hormone
secretion responses to pituitary challenge tests were similar in all three conditions. Primary ES is mainly caused by
increased intracranial pressure. According to our hypothesis, similar to primary ES, the hormonal disturbances in FM/
CFS may be attributed to compressive effects of the cerebrospinal fluid on the pituitary gland, impeding the blood flow in
the pituitary gland and the pituitary stalk.

Furthermore, similar neurological and ophthalmological signs, obesity, headaches, and fatigue are prevalent in
primary ES and FM/CFS.

Therefore, these findings provide further support for the hypothesis that moderately or intermittently increased
cerebrospinal fluid pressure is involved in the pathogenesis of FM/CFS.

Abbreviations
FM, fibromyalgia; CFS, chronic fatigue syndrome; HPA, hypothalamo-pituitary-adrenal; ES, empty sella; MRI, magnetic
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