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Introduction

Neurological problems of women with untreated 
premature ovarian insufficiency (POI) are usually relat-
ed to the three following areas: symptoms of oestrogen 
deficiency, diseases related to oestrogen deficiency, and 
genetic diseases including POI as a one of the clinically 
relevant features.

Symptoms of oestrogen deficiency 

Oestrogen deficiency is a cause of climacteric symp-
toms, which are usually subdivided into five categories 
as follows: menstrual bleeding disorders; vegetative 
symptoms; psychosomatic symptoms; somatotrophic 
changes; and metabolic changes [1]. Among vegetative 
symptoms: hot flushes, night sweating, insomnia, verti-
go, arthralgia, headaches, palpitations, and paraesthe-
sia and among psychosomatic symptoms: nervousness, 
low mood, and general weakness are reported.

Gibson-Helm et al. [2] reported that climacteric 
symptoms like sleeping difficulties, loss of interest 
in most things, feeling unhappy or depressed, crying 
spells, irritability, hot flushes, sweating at night, and 
loss of interest in sex were more frequent and more 
severe in women with premature ovarian insufficiency 
(POI) compared to premenopausal controls. Only one 
symptom: feeling tired/lacking in energy was less fre-
quent in POI women than in premenopausal controls 
(43%). The same authors reported differences between 
the symptoms in women with medically-induced POI 
and idiopathic POI. Women with medically-induced 
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POI reported the following more frequently: sleeping 
difficulties (69%) and feeling tired/lacking in energy 
(69%), whereas women with idiopathic POI reported 
more frequently loss of interest in sex (52%).

Diseases related to oestrogen deficiency

Dementia and cognitive decline

Both laboratory research and clinical studies sug-
gest that there is an association between POI and an 
increased risk of developing dementia and cognitive 
decline [3]. 

Laboratory studies revealed that oestrogen improves 
synaptic plasticity acting on the level of dendritic spines 
in hippocampi of oophorectomised rats, it improves cere-
bral blood flow and glucose metabolism, and has an an-
tioxidative effect on the neuronal level. It has also been 
reported to increase choline acetyltransferase activity 
in the basal forebrains and hippocampi of oophorecto-
mised rats, reduce the deposition of amyloid in the brain, 
and prevent amyloid from inducing a rise in intracellu-
lar calcium and from causing mitochondrial damage [4]. 
Oestrogen acts in neurons and glial cells via the intracel-
lular oestrogen receptors α and β [5, 6] as well as antia-
therogenic actions including enhancement of endotheli-
al function, blockage of smooth muscle cell proliferation, 
and inhibition of inflammation [7].

Most clinical studies have shown a negative effect 
of surgical menopause on memory and cognitive func-
tions. Such data were reported in the Mayo Clinic Cohort 
Study of Oophorectomy and Aging examining the rela-
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tion between the bilateral and unilateral oophorectomy 
before the onset of natural menopause and the risk of 
cognitive impairment and dementia. This study showed 
that the risk increased with younger age at oophorecto-
my [8]. The increased risk was restricted to women who 
did not take oestrogen replacement therapy between 
the surgery and the age of 50 years. In this same study, 
women who underwent bilateral oophorectomy before 
45 years of age experienced an increased mortality for 
neurological and mental disorders [8]. The authors ex-
plained also an effect of unilateral oophorectomy by the 
premature oestrogen deficiency caused by concurrent 
hysterectomy (70% of all unilateral oophorectomies). 
Hysterectomy may compromise the blood supply to the 
remaining ovary, leading to premature ovarian failure. 
What was also reported was significantly earlier age 
at initiation of oestrogen treatment in the perimeno-
pausal period for women who underwent unilateral 
oophorectomy with or without hysterectomy. These 
findings support the hypothesis that unilateral oopho-
rectomy or concurrent hysterectomy may contribute to 
POI and that the association between oophorectomy 
and increased risk of cognitive impairment or demen-
tia may be explained by a deficit in progesterone and 
testosterone. The association between oophorectomy 
and increased risk of cognitive impairment or dementia 
may be due to one or more susceptibility genes that in-
crease the risk of both outcomes independently. Genetic 
variants may determine ovarian diseases prompting 
oophorectomy, or they may cause uterine diseases or 
symptoms that prompt hysterectomy, in turn, prompt-
ing oophorectomy.

Nappi et al. reported that women who underwent 
bilateral oophorectomy performed worse on certain 
memory tasks and that lower scores were corelated with 
younger age of oophorectomy [9]. Farrag et al. reported 
that women after bilateral oophorectomy had signifi-
cantly decreased global cognitive scores and memory 
scores 3-6 months after surgical menopause in compari-
son with premenopausal controls and that lower perfor-
mance scores corelated with lower oestradiol levels [10]. 
Sherwin compared cognitive functions before and after 
surgical menopause in 50 operated women (mean age 
45.4 years) and reported a reduction in cognitive func-
tions due to surgery if no hormone therapy was given 
[11]. The same author reported that hysterectomy with 
ovarian conservation and surgical menopause with sub-
sequent menopausal replacement therapy caused no 
decline in cognitive function [11]. The negative effect of 
surgical menopause on memory and cognitive functions 
was not confirmed by studies of Kritz-Silverstein and 
Barrett-Connor [12] and Kok et al. [13].

The positive effect of oestrogen on cognitive func-
tions was shown also in studies examining the im-
pact of menopausal hormonal therapy on the risk of 
Alzheimer disease (AD) [4, 14, 15]. These studies reported 

a 20% to 40% reduction in risk of AD for women who 
used oestrogen treatment after menopause. The re-
sults of the Women’s Health Initiative (WHI) clinical 
trials showed an increased risk of dementia in wom-
en treated by either oestrogen alone or oestrogen plus 
progestin after the age of 65 years [16]. These data 
suggest that oestrogen has a protective effect on the 
brain if given to women who underwent oophorecto-
my before reaching natural menopause, or if given in 
the perimenopausal and early postmenopausal years 
to women with natural menopause (critical window for 
neuroprotection). By contrast, it has a deleterious effect 
on the brain if started many years after the onset of 
natural menopause.

Parkinsonism

Both laboratory research and clinical studies sug-
gest that there is an association between POI and an 
increased risk of Parkinsonism [3].

Laboratory studies reported several mechanisms of 
neuroprotective effects in animal models of Parkinson’s 
disease (PD): oestrogen inhibited the neurotoxic action 
of neurotoxins: 1-methyl-4-phenyl-1,2,3,6-tetrahydro-
pyridine, 6-hydroxydopamine, and methamphetamine; 
it reduced oxidative stress, upregulated neurotrophic 
factors, and protected dopaminergic neurons against 
apoptosis; oestrogen was protective of dopaminergic 
neurons in primate models [17].

Among the clinical studies, the Mayo Clinic Cohort 
Study of Oophorectomy and Aging showed an increased 
risk of Parkinsonism for women who underwent unilat-
eral oophorectomy or bilateral oophorectomy [18]. The 
findings for unilateral oophorectomy were significant 
only when the oophorectomy was done before 42 years 
of age. Other studies give conflicting results. Benedetti 
et al. reported a link between surgical menopause and 
increased risk of PD, between early age at menopause 
and increased risk of PD, and between oestrogen treat-
ment after menopause and decreased risk of PD [19]. 
Other reports did not confirm this [20, 21].

Genetic diseases including premature 
ovarian insufficiency as one  
of the clinically relevant features

Among genetic diseases including POI as one of 
the clinically relevant features, the most important are 
ovarioleukodystrophy and fragile X-associated tremor/
ataxia syndrome (FXTAS).

Ovarioleukodystrophy

Ovarioleukodystrophy is an association of POI and 
vanishing white matter disease (VWM). VMN was de-
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scribed by Van der Knaap in 1996. This is a rare dis-
ease caused by a mutation in one of the subunits of 
eukaryotic initiation factor 2B (EIF2B). The symptoms 
combine progressive subcortical cognitive decline with 
predominant behavioural disorders and a progressive 
spastic paraparesis in association with symmetric cys-
tic changes in both hemispheres of the brain [22]. For 
patients presenting with POI with neurological signs 
the MRI and screening of the EIF2B mutations is clin-
ically indicated [23].

Fragile X-associated tremor/ataxia syndrome

FXTAS is a genetically-related disorder to fragile X 
syndrome. Fragile X syndrome is the second most com-
mon cause of intellectual disability (mental retardation) 
after Down’s syndrome. Symptoms often include mild 
to moderate intellectual disability. Physical features 
may include a long and narrow face, large ears, flexi-
ble fingers, and large testicles. About a third of those 
affected have features of autism such as problems with 
social interactions and delayed speech. Hyperactivity is 
common and seizures occur in about 10% of patients. It 
is more frequent in males than in females. 

FXTAS occurs typically after the age of 50 years, and 
its frequency increases with age. It is more frequent in 
males than in females [24]. Its clinical profile is variable 
and primarily characterised by tremor and ataxia. Other 
reported clinical characteristics include POI, executive 
dysfunction, difficulty with social skills, Parkinsonism, 
polyneuropathy, thyroid dysfunction, depression, and 
anxiety [25].

Both fragile X syndrome and FXTAS are related to the 
molecular defect of the FMR1 gene. Full mutation of the 
gene causes fragile X syndrome, whereas a partial defect 
(premutation) causes FXTAS. FXTAS premutation is a CGG 
codon expansion ranging from 55 to 200 repetitions in 
the FMR1 gene located on the X chromosome [24].

FMR1 testing makes it possible to discover predispo-
sition to POI, and consequently to lower fertility or even 
cause infertility. The test result is especially import-
ant to women who are postponing the decision about 
having children. The test should be performed in the 
case of female patients with essential tremor and learn-
ing disabilities and autistic features in relatives [26].

Conclusions

POI may be related to severe climacteric symptoms, 
higher risk of dementia, cognitive function impairment, 
and Parkinsonism. Consequently, diagnosis of POI is an 
indication to menopausal replacement therapy. Con-
versely, some neurological diseases and signs, both in 
the clinical picture and in the family of the patient, may 
be related to higher risk of POI in the future.
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