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Abstract The clinical syndrome idiopathic intracranial hypertension (IIH), also termed 
pseudotumor cerebri, consists of symptoms of headache, nausea, vomiting and 
visual field defects in combination with findings of papilledema. 
IIH is more commonly seen in overweight women where the rise in intracranial 
pressure is putatively a consequence of an endocrine-based disturbance of elec-
trolytes. Less frequently, it can also occur in men and in the pediatric age group. 
Associated risk factors include primary and secondary aldosteronism, pregnancy, 
recombinant growth hormone (r-GH) therapy, oral contraceptives, obesity, 
vitamin A intoxication or deficiency, Addison disease, corticosteroid therapy or 
acute withdrawal of steroid therapy and Cushing disease. Herein, we review the 
association between these conditions and IIH working toward its having a unify-
ing neuroendocrine hypothesis.

INTRODUCTION

Idiopathic intracranial hypertension (IIH; also 
known as pseudotumor cerebri) is a neurologi-
cal disorder of uncertain etiology, characterized 
by increased intracranial pressure in the absence 
of a tumor, hydrocephalus and no apparent cause 
evident on neuroimaging or other routine evalua-
tion. Its main symptoms and signs are headache, 
nausea and vomiting, as well as visual field defects 
and papilledema. Its pathophysiologic origins 
remain uncertain. Several decades ago, it was 

suggested IIH is a consequence of an underlying 
endocrine abnormality related to a disturbance 
of electrolytes. In 1955, Foley suggested that: “…
an underlying endocrine imbalance, with pre-
sumably a disturbance of electrolytes, is in some 
way connected with the alteration of intracranial 
pressure” (Foley 1955). The occurrence of a “…
water-electrolyte imbalance, brought about by 
hormonal disturbance” was likewise suggested by 
Oldston (Oldston 1966). In this context, Weber et 
al. in 2002 were the first to draw attention to the 
association between IIH and primary aldoste-
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ronism (PAL) in 2 overweight, middle-aged women 
(Weber et al. 2002). Since then additional cases associ-
ated with PAL have been reported.4 IIH has also been 
reported in children and adolescents with secondary 
aldosteronism (SAL) including an Italian girl that we 
recently reported (Salpietro et al. 2012). The English 
literature thus currently consists of 12 reported cases 
of IIH with either PAL or SAL (Khan et al. 2012). The 
PAL group were mostly hypertensive middle-aged 
women with adrenal pathology, whereas the SAL 
patients were mostly normotensive girls affected by 
inherited renotubular defect. Five out of the 12 patients 
reviewed by Khan et al. (2012) were treated with spi-
ronolactone with good control of symptoms. In two 
of these five, an additional therapy was correction of 
hypokalemia and hypomagnesaemia. Conclusions of
that study inferred that IIH patients should be evalu-
ated for aldosteronism and considered for spironolac-
tone therapy.

ALDOSTERONISM

Aldosterone is a mineralocorticoid which promotes 
Na+ resorption at the expense of a well-recognized K+ 
excretion and a less-recognized mechanism of Mg2+ 
and Ca2+ excretion in classic target tissues (e.g., kid-
neys, colon, and sweat and salivary glands) but also 
newly discovered sites including epithelial cells of the 
choroid plexus and inner ear (Lecain et al. 2003; Aki-
yama et al. 2010). The biological action of aldosterone 
on the epithelial cells of the choroid plexus are similar 
to the classical mechanisms involved in the epithelial 
cells of the kidney with enhancement of the number 
and activity of the Na+/K+ ATPase pumps in the apical 
membranes (Weber 2003, Wright 1978).Cerebrospinal 
fluid (CSF) production by the choroid plexus is gov-
erned by the systemic volume control (Go 1997), which 
is tightly regulated by the action of aldosterone acting 
on its specific receptors (Figure 1). In this respect, aldo-
sterone alters the composition of CSF, which in turn 
contributes to the regulation of blood (CSF) pressure 
(Weber 2003). Whether CSF formation is increased in 
aldosteronism accounting either for increased intra-
cranial pressure and for headache, shared symptoms in 
aldosteronism and IIH, remains unknown. In addition 
to aldosterone, other risk factors associated with IIH 
include pregnancy, corticosteroid therapy, Cushing dis-
ease, r-Gh therapy, obesity and vitamin A intoxication, 
which act to enhance the renin-aldosterone axis thus 
disturbing the electrolyte balance and/or by influencing 
mineralocorticoid receptors in the epithelial cells of the 
choroid plexus.

PREGNANCY

In normal pregnancy plasma aldosterone concentra-
tions increase in parallel to progesterone (Escher 2009) 

playing a key role in the maintenance of volume expan-

sion (especially during the first trimester) by contribut-
ing to water and sodium retention. Progesterone has an 
additional effect secondary to its in vitro demonstrated 
high affinity for mineralocorticoids and its in vivo dem-
onstrated low agonistic mineralocorticoid activities 
(Myles & Funder 1996). It is well known that IIH can 
be precipitated by normal pregnancy and that there is 
a tendency for preexisting IIH to worsen during preg-
nancy, possibly due these hormonal change (Shehata 
& Okosun 2004). It is conceivable that the activation 
of the renin-aldosterone axis may have a pathogenetic 
role in pregnant women who develop IIH in associa-
tion to their weight gain. The affinity of progesterone to 
mineralcorticoid receptor in the choroid plexus could 
explain why almost all patients with IIH are overweight 
women, when applied strict diagnostic criteria. It is also 
conceivable that the modulation of MR by progesterone 
is cumulative to the action of other hormones for which 
it is sensitive.

CORTICOSTEROID AXIS

Chronic steroid administration, Cushing disease and 
acute withdrawal of chronic steroid use are among the 
other largely reported risk factors for IIH. There is a 
putative mechanism for the effects of corticosteroids 
on CSF production. The enzyme 11β-hydroxysteroid 
dehydrogenase type 1 (11β-HSD1) is highly expressed 
in the epithelium of the choroid plexuses: among its 
main activities is the reduction of inactive cortisone 
to cortisol. The latter can activate mineralocorticoid 
receptors with a degree of affinity similar to aldoste-
rone thereby increasing CSF pressure and leading to 
the development of IIH (Zada et al. 2010). Of inter-
est, it has been also proposed that autocrine regulation 
of intracerebral cortisol is dependent on 11β-HSD1 
expression in the epithelial cells of the choroid plexus 
and that this enzyme may be involved in the CSF pro-
duction and may influence cortisol levels in the CSF 
(Sinclair et al. 2007). An additional effect of 11β-HSD2 
is its dehydrogenase activity, which inactivates corti-
costerone or cortisol via their conversion to inactive 
cortisone. This enzyme in the adult brain is thought to 
protect mineralocorticoid receptors from activation by 
cortisol and it is also implicated in mediating central 
control of salt/water balance (Holmes & Seckl 2006) 
where its expression in the brain could be considered 
a factor indirectly influencing CSF production and 
composition.

RENIN/ALDOSTERONE AXIS 
AND OBESITY

The renin-aldosterone axis is involved and enhanced in 
obesity. Obesity is frequently associated with increased 
plasma aldosterone levels. Increased mineralocorti-
coid activity may be the common link between obe-
sity, hypertension, dyslipidemia and insulin resistance, 
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features that make up the metabolic syndrome. Recent 
evidence suggests that human fat is a highly active 
endocrine tissue and secretory products strongly stim-
ulate steroidogenesis in human adrenocortical cells 
with a predominant effect on mineralocorticoid secre-
tion (Ehrhart-Bornstein et al. 2003). Human adipocytes 
secrete potent mineralocorticoid-releasing factors, sug-
gesting a direct correlation between obesity and hyper-
tension. Adipocytes release secretagogues that stimulate 
adrenocortical steroidogenesis with a strong effect on 
mineralocorticoid secretion. Mineralocorticoid-releas-
ing factors secreted from subcutaneous or from visceral 
fat into the circulation may reach the adrenal glands via 
endocrine pathways reaching concentrations capable 
of stimulating adrenocortical steroidogenesis (Nagase 
et al. 2006). Increased levels of aldosterone may be 
responsible for hypertension and for cardiovascular 
complications associated with obesity, including IIH 
through the activation of mineralocorticoid receptors 
in the choroid plexuses.

VITAMIN A INTOXICATION

Recent studies focused on the role of retinoic acid 
during steroidogenesis and demonstrating that all-
trans-retinoic acid (ATRA) activates the expression 
of neurosteroid biosynthesis genes in the human 
glial cell line GI-1, expresses the major steroidogenic 
genes. Treatment with ATRA induces an increase in 
the expression of the cytochrome P450scc (CYP11A1) 
gene, the steroidogenic acute regulatory protein (StAR) 
and 3beta-hydroxysteroid dehydrogenase (Kushida & 
Tamura 2009).

In addition, ATRA also induces de novo synthesis 
of neurosteroids, including pregnenolone and proges-
terone. These results would suggest that ATRA might 
induce the de novo neurosteroid synthesis via the 
induction of steroidogenic genes in human glial cells. 
The multiple effects of vitamin  A on central nervous 
system functions might therefore be partly explained by 
the induction of neurosteroidogenesis by retinoid acids. 
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Fig. 1. The putative effects of neuroendocrine interactions on cerebrospinal fluid secretion in the choroid plexus epithelium.
Detailed figure of CP epithelium illustrating the proposed regulation of CSF secretion by several neuroendocrine interactions. 
Aldosterone can stimulate MR; spironolactone can antagonize MR activation. In nucleus MR can activate mineralocorticoid responsive 
elements that stimulate synthesis from DNA of Na+/K+ ATPase pumps. Active sodium secretion by the Na/K ATPase at the apical CP 
membrane lead to movement of sodium ions into the cerebral ventricle and this create an osmotic gradient to drive CSF secretion. 
Ouabain can inhibit activation and increased number of Na+/K+ ATPase pumps. 
The enzyme 11βHSD1 is highly abundant in the CP, in which its oxidoreductase activity converts inactive cortisone to cortisol, which can 
activate the MR with similar affinity to aldosterone. Also progesterone can activate MR with a similar affinity to aldosterone and cortisol. 
All-Trans retinoic acid, interacting with DNA, can activate neurosteroidogenesis and de novo synthesis of steroids, such as pregnenolone 
and progesterone. Abbreviations: CP= choroid plexus; CSF= cerebrospinal fluid; MR= mineralcorticoid receptor
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Among the overall complications induced by vitamin A 
intoxication one could consider the risk of developing 
acute IIH, which could be related to an upregulation 
of the secretion of neurosteroids, which in turn would 
overload the mineralocorticoid receptor in the choroid 
plexuses.

GROWTH HORMONE

Growth hormone (GH) has important effects on the 
renin-angiotensin-aldosterone system. Acute treatment 
of GH-deficient adults with r-Gh can lead to sodium 
and water retention with increased plasma renin activ-
ity and aldosterone levels (Ho & Weissberger 1990). 
The complications of these treatment protocols include 
hypertension, dependent edema and carpal tunnel syn-
drome. In GH-deficient children treated with r-Gh, 
hypertension-dependent edema and fluid retention 
are less frequent. However, some studies recorded 
transient, mild increases in blood pressure during the 
first phase of treatment (Barton 1993). Of interest, the 
activation of the renin/aldosterone axis complicated by 
sodium and water retention has been recorded in chil-
dren with idiopathic short stature who had been treated 
with r-Gh therapy (Hanukoglu et al. 2001; Lampit et al. 
1998). These findings suggest activation of the renin/
aldosterone axis in children the exogenous (r-GH) 
hormone administration must overlap the endogenous 
(GH) hormone production. Recent studies have shown 
also that chronic GH excess is associated with increased 
aldosterone in humans and mice and that the underly-
ing mechanism is likely to be independent from renin 
action, IGF-I excess, or adrenal aldosterone synthase 
expression (Bielohuby et al. 2009).

A UNIFYING NEUROENDOCRINE 
HYPOTHESIS

The literature of reported cases of IIH points to vari-
ous risk factors, together with yet unknown individual 
predisposition, as a cause of this neuroendocrine 
syndrome. 

The IIH has also been associated to conditions 
such as withdrawal of chronic steroid therapy (Liu et 
al. 1994), hypoadrenalism (Alexandrakis 1993) and 
vitamin A deficiency (Panozzo et al. 1998); there are 
many reports that correlate these factors to an acute or 
chronic onset of IIH. These conditions may reduce the 
activation of the MR in the epithelial cells of the cho-
roid plexus, leading to reduced movement of sodium 
ions into the cerebral ventricle and a negative osmotic 
gradient to drive CSF secretion, resulting in a possible 
reduction of CSF volume and pressure. 

Applying the Monroe-Kellie doctrine, which dictates 
that the sum and subtraction of the volumes of intracra-
nial blood, cerebrospinal fluid, and cerebral tissue must 
remain constant where the skull is intact, a decrease in 
CSF volume and pressure results in a reduction of CSF 

absorption in arachnoid villi and an increase in resis-
tance to cerebrospinal fluid outflow.

There are several evidences in support of this con-
sideration. It has been shown in canine studies that the 
abrupt cessation of steroids after chronic therapy can 
cause a substantial reduction in cerebrospinal fluid 
absorption and a subsequent increase in resistance to 
cerebrospinal fluid flow (Johnston et al. 1975). Thus, 
abnormalities in cerebrospinal fluid dynamics during 
the glucocorticoid withdrawal may lead to high intra-
cranial pressure. We can imagine an impaired CSF out-
flow also in hypoadrenalism, with a similar mechanism. 
Vitamin  A deficiency in experimental animals causes 
intracranial hypertension associated with a demon-
strated increase in CSF outflow resistance (Calhoun et 
al. 1967). Finally, it is conceivable that aldosteronism, 
r-Gh therapy, Cushing disease, vitamin A intoxication, 
pregnancy and chronic steroid therapy can lead to IIH 
through stimulation of MR pathway that lead to active 
sodium secretion by the Na/K ATPase at the apical 
membrane of choroid plexus epithelium (Figure 1). On 
the contrary, vitamin A deficiency, acute withdrawal of 
steroid therapy and hypoadrenalism could lead to IIH 
through prolonged reduction of CSF absorption (that 
exceeds the reduced production), in the presence of not 
clarified factors of CSF dynamics alteration. 

Thus far, however, there is not a credible and com-
prehensive hypothesis aimed to uncover the pathogen-
esis and pathophysiology of IIH despite the different 
mechanisms proposed. Some recent clinical and labo-
ratory evidence have suggested a role for the renin/
aldosterone system in symptomatic IIH patients: this 
was supported by the empirical benefits recorded after 
spironolactone (an antagonist of central receptors for 
aldosterone) administration (Khan et al. 2012; Salpietro 
et al. 2012). That could be regarded as the first etio-
logical therapy in IIH. In addition there is increasing 
evidence suggesting other hormones (e.g., corticoste-
roids, GH), endogenous or exogenous substances (e.g., 
retinoic acids) and/or enzymes (11β-HSD1) may act on 
non-classical peripheral targets (i.e., epithelial cells of 
the choroid plexuses) involved in the production and 
increase of CSF. In light of these new advances we pro-
pose that multiple neuroendocrine interactions could 
influence the activation of mineralocorticoid receptor 
in the central nervous system and could play a key role 
in the onset of IIH. This awareness could provide the 
guidelines for a greater understanding of the underlying 
alteration of CSF production and composition (i.e., the 
main pathogenetic premise for developing IIH) and for 
non-conventional therapeutic strategies.
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